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METHODS AND SYSTEMS FOR DOOR-ENABLED LOADING AND RELEASEOF
PAYLOADS IN AN UNMANNED AERIAL VEHICLE (LAV)

CROSS REFERENCE TO RELATED APPLICATION
{0661} The present application claiims privrity to ULS. Patent Application No.
15/850.705, filed on December 21, 2017 and entitled “Methods and Systems for Door-
Euabled Loading and Release of Pavioads i an Unmanned Aerial Vehicle {UAVY which s
hereby incorporated by reference in its entirety.

BACKGROUND

{0802] An. upnranned system, which may alse be referred o as an aulonpmous
vehicle, 15 8 vehivke capable of travel without a physivally-present huwman operator, An
urrngnned system may opertd o a remote-contrel mode, I s antonomows mode, O i A
partially avtonometss mode:
{6603] When an unmanned sysfem opeorates 3n a remote-control mwsde; a pilet or
driver that is at a remote location can control the unmanned vehicle via commands that arg
send o the unmanned velucle via g wiveless link,  When the unmaamed system operates o
autonomeus mode, the onmanned sydem typically moves based on pregprogranmed
navigation waypoints, dynamic awiomation systems, or a combingtion of these.  Fusther,
somie wnmanned systems can operate in both 2 remotecontrl mode and an autonomous
mode, and in some instances niay do so stmullancousty. For instance, a remote pilot or deiver
may wish to leave navigation fo'an aulonoemoys system while mantadly performing another
task, such as operating a moechanical system for picking up objects, as an exanyple,
{004] Vartous fypes of unmanned systems exist for varjous different esviromnents.
For instance, wnmanned serial vehicles (UUAVs) are configared for operation i the air{e.g.,
flight). Examples include quad-copiers and tail-sifter UAVs, among others.  Unmianned
systems also exist for hybrid operations in which multi-epvironment operation 18 possible.
Examples of bybrid woepanned vebicles inchude an amphibious craft that is capable of
operation oy land as well as on water or & foatplane that is capable of landing on water ag

well as o land, Other examples are also possible,

SUMMARY
{6065] Example Implementations may relate 0 3 UAV having doors that enable

foading and mwicase of 2 payload. Such door-enabiled lnading and release may i furn allow
the LAY 10 camry out pick up and/or delivery paylpad(s) according to onke or more of vanious

possible approaches. Moreover, this UAV eould be a hghiweight TUAV having waexposed
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propeliers, which could mwake the LAV suttable for pickey and delivery of smaller andfot
Hightweight payloads, possibly m the viciaiy of individoals.

HE U] By way of example, the UAY may melode & top door on afop side of the
UAY's fuselage and a bottom door on a bothm side of the UAV's faselage, and an opening
of each door respectively may provide access tov a chamber within the foselage, which could
he armnged o temporarily house a payload. In this example, an opening of the top door may
enabie loading of a payload into the UAV s chamber, and an opening of the bottom door may
erable release of the pavioad froms the UAV sy chamber,  Generally, such top loading and
bottom refease of payioads could be advantagsous for various reasons.

{6007] For instguce, assuming that the UAV s arvanged fo substantially land on the
bottom side, the fop loading may allow the UAV to and, rather than fly {e.g., bover}, during
pickup of the payload, thereby reducing the amoust of energy being used by the UAV dwring
pickup, among other advantages,  Additionally or alternatively, when the UAV B at a
delivery location, the UAY may relesse the payload via the bottom dooy without necessarily
having to walt for an individaal o be present in order 1o unload the payload via the top door;
thereby redacing the amoant of thne the UAV spends on delivery of the pavioad. Othar

exanypes ane glso possible:

{3608] In ope aspeot, a UAV iy disclosed.  The UAV-includes a controd system
copfigured to control flight of the UAV. The UAV also melndes a fuselags having a first
side, a secomd side, and a chamber aranged to house a payload. The UAV finther inchudes »
first-door arvangad on the Hrst side of the fuselage, where an opening of the first door enables
loading of the payvioad into the chamber. The UAV yet further inclndes a second door
arranged on the second side of the fusclage, whers an opsning of the sscond door enables
release of the paviosd from the chamber,

HE] In another aspect, 8 method 13 disclosed. The method mvolves determining,
by a control systewn, that 8 VAV 15 at o pickup location for pickup of & payvioad, where the
VAV includes a fuselage having g fivst side, a second side, and a chamber grranged 1o house
the pavload, where a firg door & arvanged oo the first side of the fuselage, where an opening
of the fint dowr enables loading of the payload o the chamber, where g second deor i3
atranged ou the second side of the fuselage, and where an opeuing of the seconid dour enables
velease of the pavioad from the chawber. The methed also imvolves, W response o
detersining that the UAV is atthe pickep location for pickup of the pavioad, causing. by the
coptrol system, the opening of the firt door 1o enable loading of the pavioad ido she
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chamber: The methed sddiionally tovolves deterorning, by the control System, that the
VAV S at a delivery location for delivery of the pavivad. The method further invelves, in
responss to determining that the UAY s at & delivery location for delivery of the payload,
causing, by the couirol system, the openming ot the second door o enable release of the
payioad from the chamber.

HEHH In yet another aspect, another method is disclosed,  The method involves
recetving, by g control system, a request For a teansport sask to be performed by at Teast one
LAY from s growp of LAVS, where thegronp of UAVs jochudes at Jeast a st UAV of a
first type and a second UAV of a second type, where the first type of UAV ncludes a
fuselage having g first gide, 9 second side, and a chamber gtranged 1 howuse a payvioad, where
a fiest door ik arranged on the first side of the fuselage, where an openiag of the Hest door
cnables lnading of the pavioad o the chamber, where a second door is armanged on the
second side of the fuselige, and whers gy opening of the second door enables release of the
payinad frowm the chamber. The method also involves, based o the fust UAV heing of the
fiest sype, determining, by the control systemy, that the first UAV meety 8 writene for the
transport task.. The method additionally involyes, in responss to determindng that the fiest
VAV meets the criteria for the fravsport tsk, cuusing, by the control svstem, the first AV o
perforny the wwansport task corresponding oy the received request

je1] In yet another aspect, yeb avother method 33 disclosed. The method mvolves
determining, by'a control system, that a UAV is at @ pickap location for pickup of a payvioad,
where the VAV comprises a fuselage having o door and-a chamberarranged 1o house the
payvload. The method also mvolves, in response to deterpuining that the UAV is at the pickup
focation for piokup of the pavioad, causing, by the contiol system, an opening of the deor o
enable loading of the payioad into the chamber  The method  additionslly Imvolves
determining, by the control system, that the AV iy at adelivery Incation for delivery of the
mavioad. The wmethod further involves, 1 response to determyiming that the LAY iy ata
delivery Tocation for delivery of the payvinad, causing, by the vontrol system, an opening of
the door to enable release of the pavioad from the chamber,

{0612} In yet danother gapect, 3 system s disclosed.  The system mdy include meang
for deterndning that 8 UAV is o a mckup ntation for pickup of 3 pavicad, whers the UAY
netudes a fuselage having a fivst side, o secomnd side, and a chamber arpanged 16 house the
payioad, where a first door is arranged on the first side of the fuselage, where an opening of
the first door enables loading of the pavioad imo the chamber, where & second door is

srranged on the second sids of the fusclage, and where sp openmg of the second door snabiles

3



WO 2019/126275 PCT/US2018/066410

release of the pavioad frowm the chamber. The systern may alye inclade means for n
respoase to determining that the VAV & ot the pickup focation for pickup of the paylead,
causing the opeming of the first door to enable loading of the payload into the chamber. The
system may additionally inchude means for determining that the UAY 1 at a delivery location
for delivery of the payload. The sysiem may further lnclude means for, i roshonse ©
determining that the UAV 1s at & delivery location for defivery of the pavload, causing the
opening of the seeond door to enable release of the payload from the chantber.

{0613} i ver another aspect, another systes iy disclosed,. The systeny may nclade
means for recetving a reguest for & ransport sk to be performed by at least one UAV from s
gronp of UAVs, where the growp of UAVY includes at least a first VAV of s first type snd ¢
second UAV of a sccond type, where the Hest type of UAV includes o fuselage having a first
side, a second side, and # chamber mrranged 1o bouse @ pavioad, where a first door is artanged
on the first side of the fuselage, where an npening of the fust door ¢rables loading of the
payinad into the chamber, where a second door 1s atranged on the second side of the fuselage,
and where an openung of the second door enables release of the paylosd from the chiarber,
The system may also include means for, based on the first VAV being of the first typey
determining that'the fwst UAY meets a oriteria for the tanspmt taske The system may
additionally inclede means for, in response to determining that the st UAY roeets the
criteria for- the transport fask, causing the st UAV o perforn the tansport task
correspanding o the received raquest.

{0814] In yet soother aspect, yet another system 8 disclosed. The system may
mchede means for determining that 2 UAY 15 at g pickup location Jor pickuy of a pavioad,
whers the UAY comprises a fuselage bavibg 2 dodr and a chamber attanged o house the
payload. The system may also includs means for, in response o defornuning that the WAV is
at the pickup location for prekup of the paviead, causing an opeting of the door o engble
loading of the paviead o the chamber. The systeny may additionally melude means for
determining that the UAV s at a delivery location for delivery of the pavinad. The svstem
nwy further nclude means for, in response to deternmining that the UAV i at & delivery
loeation for delivery of the payiodd, causing, by the control sysfewm, an opening of the doot 1o
enable release of the pavioad from the chamber.

HE | These as well ax oteraspects, advantages, and alternatives, will become
apparent © those of ordinary skill in the art by reading the following detatled deseription,
with reference where appropriate to the acconmpanying drawings. Purther, it should be
understood. that - the description provided in this summary section and olsewhere in this
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document s intended to-ithairate the clamed subject matter by way ofexample and not by
way of Hmitation

BRIEF DESCRIPTION OF THE DRAWINGS
{0816] Figure LA is a sunplified illustration of an unmanned asrial vehicle, according
o example snplementations.
{0617) Figure 18 is a simplified Hustration of an unmanned aenal vehicls, according
o example implementations.
{08018} Figare 1C iy o simplified iusteation of an enmanaed aerial vebicle, sccording
{0 example implementations.
{3019} Figure 112 15 a simplified tlustration of an unmanned aerial vehicle, according
to example tuplementations,
{6028] Figure 1E iy a simphified ithostration of an unmanned acrial vehicle, according
to example ingrementations.
{0621] Figute 2 is a stmplified block diagram Hustrating civbponents of as
anmuted serial systen, secording o example implementations.
{6622} Figure 3 s a simphified block disgrans Hlustrating a distributed UAV system,
aveprding o example implententations,
{23} Figure 4 is & block diagrawm showing an exemple arrangement for an serial
transport provider control system, according to example implementations.
j0624] Frguges 5A to 51 are simplified iostrations of an unmannsd aevtal vehicle

having g top and a bottony door, according to exanple implementations.

{0825] Figure o is a Howchart of & wethod, according to sxample implementations.
{0826] Figure 7A illustrates door-enabled lading of & pavicad info an unmanned

acrial vehicle, sceording to example implementations.

{88274 Figure 7B lustrates door-enabled rolease of a paviead from an wenanned
serial vehisle, avcording {0 example implementations.

{0628] Figure SA illustates another approach fi door-enabled foading of a pavioad
inte an snmanned agrigh vehicle, aceonding 1o example implomentstions.

{0625] Figure 8B illostrates snother approach for door-chabled releqse of 3 pavload
frony st ubmmined acrial vehicle, acoording o exanple implementationy,

{6038] Figure 9 i o fHowchart of awother method, according to example
implementations,

{6031] Figure 10 is a flowchart of vet another method, according o example

implementations.
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DETAILED DESCRIPTION

{0032} Example methods and systems are described heremn. It should be understoed
that the words “exampl™ and “example” are used herein to msan “serving as anexsmple,
instance, ot ustration.” Any embodiment or feature describad herean as belag an "exatphe®
or example” is nol pecessaridy 1o be comstrued as preferred or advantagenus over othey
embodiments or features. The example embodiments deseribed herein are not meant o be
tnmting, It will be readily vederstood that certain sspects of the disclosed systoms. and
oethods can be aranged and eranbined i o wide vatiely of different configurations, all of
which are contemplated herein.

{6833} Furthermore, the particular arrangements shown in the Figures should not be
viewed as foniing. B should be understood that other embodiments night inclede move or
tess of cach clement shown fva given Figure, Further, some of the iHustrated clements naay
be gombined or omitted. Yot further, an example embodiment may inchude clerments that are

not iHustrated iy the Figores.

L Overview
{6634] o practice, an ynmanned aerial vebhicle {UAV) may sefer 1o any autonomoas

of semi-uitonomons serial vehicle that is capable of performing sone operations withotit o
physically present bumon pilot.  Bwamples of such operations may include pickap of o
payload at a pickup location andfor subsequent delivery of the payload to a delivery location,
{035) As UAVS become more provalent, myprovements 1o pickup andfor delivery of
g pavioad by o UAY may be beneficml. For mstance, an individual may ben the vicinity of
a UAV fiw the purpose of loading a pavicad into the TIAV or anloading a pavicad from the
VAV, And i manmy casey, the paviead ab issee may be a small payload (g, medicine of
food), Thus, it is benefivial to arranze 3 UAV so that the UAV provides for safe and intuitive
pickop andior delivery of a payload in such situationds).

{i@38] Acvordingly, disclosed herein are UAV and coufigurations thereof, which
provide for door-cnabled loading and release of 8 payload.  More speeificallv, a UAV may
have a first door arrangsed on a frst side of the UAV's fusclage and a second door arranged
on g second side of the UAV'S fuselage. Forexample, the second side may be a bottons side
that & substaptially onented towards the ground during fight of the UAY, and the st side
may be a top side that 15 substantially opposite the bottom side, thereby rosulting in top and
bottont doors for the AV, Nonetheless, the doors may cach respectively provade access toa
chamber that & formed within the fuselage and that iy arranged o temporarily house a
pavicad. As such, an opening of the first door {o.g.. top door) may enable loading of she
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pavioad ik the chamber, and ap opening of the second door (e, bottom door) may enable
relegse of the pavload from the chamber,

{0837] Muoreover, the disclosed UAY may have vartous features that couid provide
for safe loading of a payload into the chamber (2., by an individual) andior fovreleaseof a
payload from the chamber. In particular, the disclosed UAY may be a Heghtweight LAY
Having g weight thatis below g thweshold weight. For example, the disclosed LAV may have
g weight that meets regolations for Hghtweight UAVs, Additionslly or aliematively, the
UAY ey bave g provobyen wit mcheding propelien(s) that are unexposed and are thay
prevented from making contact with an individual. For example, the disclosed LAV may
have g shrouded propeler design. Other examples are possible agwell

{6838] Given ¢ UAV arranged s described heretn, the opening aud closing of the
firgt andior: second doors may be camied out masually by an individual andfor may be
sutomatie, And i the case of autonsatic vontrol of the doors, the UAV could control the
opening andfor closing of one or both of the first and second doors, and do so based on
vartoms factons.

{6639] By way of example, the control system of the UAY mav determing that the
VAV s at a pickup fopation for plckup of & payload, and muy responsively cause the opeaung
of a top door so g8 to enable loading of the payload o the chamber. Onee the item hag been
loaded {zig, as determined by the control system based on sensor data), the control system
may cause the closing of the top door and the UAV nmay then proosed: to navigate fo g
delivery focation, Then, the control system may determiinge that the UAV & gt the delivery
Iocation for delivery of the pavisad, and may cesponsively cause the opening of a bottow
door {0 enable release of the pavicad from {he chamber. Guperally, when & UAV has a
bottom door, the release of the payload could be carried out in one of various ways, such as
through a drop of the payload from the chamber (e.g. while the LAV iy hovenng
subatantially proximate to the ground} or through a tethered delivery of the pavinad, among
others. Other examples are also possible.

{0448] Aceordingly, such a nwhiple door arrsngement may allinw a UAV o carry out
pick op and/or delivery pasioad(s) sccording W oni of more of various possible approaches.
{0641] in hinewith the example above, one possible approach muay invobve the UAY
carryhig owt top foding and botiom relerse of & paviosd, which could be useful for various
veasons. For instance, assunung that the UAV is arranped to sobstaniially land on the bottom
side, the top loading way allow the LAY to land, rather thay fly {e.g., bover), during pickap
of the pavioad, thereby reducing the amount of eperey balng used by the UAY duning pickugp,
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among other advantages. Moreover, this approach tmay allow the LAV o release the payiodd
via the bottom door without necessarily having to wait for ag individual to be present to cany
out the unloading of the pavload (c.g., via the wp door), thereby reducing the amonnt of tine
the UAV spends on delivery of the pavlaad.

{0042] On the other hand, another possible approach may involve the LAV carrving
out botiom loading snd top relense of a payioad, which could slso be wsefl for various
reasons,  For instance, the UAY may hover when at a pickup location for pickup of a
pavioad, which -y allow an individeal 1o load the paylead oute the UAY via the botiom
door. In practice, such # bottom loading spprogch may by advantageouns in-a sifuation whers
there 1 no feasible locstion gt wiich the UAYV can land, among other passibalities.
Furthermore, i this approach, the top relesse/oniosding miy be carried out by an individual,
which may be advaniageous when the payload at issue i3 a high-value e hat ideally
shwyld not be loft unattended after delivery. Other sxamples ate possible as well,

it

{0843} Heretn, the terms “unmanned gertal system” and “UAVY refer o0 sy

sutonomons of semb-autonomous vehicle that & capable of performing some functions
without a physically present human pilot.

{fadd] AUAV can ke varions forms, For exsmple, a VAV may take the form of g
fixed-wing alverafl, a glider aiveraft, a tail-sitter airorall, a jet abroraft, o ducted fan afrerafl, &
Hghter-than-air dirigible such as a blimp or stespalde balloon, a rotoreraft such as = helicopter
or multicopter, andfor an omithopter, among. other possibifities. Further, the terms “drone,”
“pnnanned aevtal velucle systony” {UAVS), or “anmamned astial vebicle” (UAV ) may aso
betsed to refertoa UAV.

{0845] Figure 1A is an isometric view of an mample UAV 108, UAY 100 melondes
wing 142, booms HM, and 2 fuselage 106, Wings 102 may be statiovary and may generate Bl
based on the wing shape and the VAV s forward airspeed. For mnstance, the two wings 162
may have an atrfvibshaped cross section o produce an asrodynamie force on VAV 100 In
some embodiments; wing 12 may carry honizowtal propulsion units 108, and booms 1803
may oy vertieal propildsion angts 110, huoperation, powey Tor the propulsion unity may be
provided fromra battery compartsent 112 of fusslage 106, In some embodiments, fuselags
106 also includes an avioniss compartment 114, sn additional battery compurtiviens (hot
shown) audfor a debivery onit (pot shown, e, 8 winch systers) for handbing the payload. In
sowme embodiments, foselage 106 s miodelar, and two or more compartments {e.g, battery
compariment 112, avionics compartment 114, other pavioad and delivery compartments) are
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detachable from each dther and securable to gach tther (eg, mechanically, magnetically, of
otherwise) to vontiguously Tonm at ledst & portion of fusslage 106

{0046] i some smbodinents; booms 104 terminate in rudders 116 for wproved yaw
control of VAV 100 Further, wings HI2 may {erminate mowing Gps HT for improved control
of 1ift of the DAV,

{0647] In the iestrated configuration, LAYV 100 includes a structural frame, The

@

structural frame may be referred to aga “structural Heframe™ ovan "Hoframe™ {not shown) of
the VAV, The H-frane may include, within wings 102, & wing spar (ot showd and, within
booms 104, boom carriers {not shown} In some embodiments the wing spar and the boom
carviers may be made of carbon Dber, hard plastic, alumimam, Tight metal alloys, or other
materils, The wing spar and the boom carviers mary be comnected with clamps. The wing
spar may inclode pre~dritled holes for hortrontal propulsion waits 1§, and the boom carviers
may include pre-duitled holes for vertical propulsion units 110

{0048] In some embodiments, fuselgge 106 way be removably gtiached W the B-
frame (8.g., altached W the wing spar by clamps, configured with grooves, protrusions of
other featurss to mate with comresponding Heframe features, ete). o other embodiments,
fuselage 106 similinly thaty bo removably attached to wings 102, The removable attachment
of fusclage 106 may improve quality aad or modularity of LAV 100, For example,
glectrical/mechanical componenty andior sobsysteny of fimelage 106 my be tested
separately from, and defore being attached fo, the Heframe. Sinularly, privted circuit boands
(PCHs) 118 may be fested sepavately from, and before being attached to, the boom camiers,
therefore eliminating defective parts/subsssemblies prior to completing the UAV. For
exampde, components of foselage 106 (o, svionicy, battery unit, debvery uaits, an
additional battery conpariment, eto) may bde cleetrically fested bofore fusclage ¥ is
mounted o the H-ffame: Furtherimore, the motors and the electronics of PCBy 1 may also
be electrically tested befiwe the final assembly. Generally, the wdentifivation of the defective
parts and subassermblhics carly in the assembly process lowers the overall cost snd lead time of
the UAYV. Furthermore, different typesimodels of fuselage 106 may be attached to the H-
frame, therefore tmproving the modularity of the design. Sach modularity: allows these

various parts of LAV 100 (o be upgraded without & substantial ovechau! to the manulacturisg

POCESS.
{6849] In some embodiments, & wing shell and boom shells may be attached to the H-

frame by adbestve elemients (e, adbesive tape, dooblessided adhesive tape, glue, ete)
Therefors, multiple shells may be attached to the H-framy instead of having 2 monolithic
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body spraved oo the Heframe. In some embodiments, the presence of the multiple shelly
reduces the stresses induced by the coefficient of thermal expansion of the structural frame of
the LAV, As a result, the UAV may have better dimeosional acoufacy andior improved
teliability,

{1050] Moreover, iy at least some embodiments, the same H-frame may be used with
the wing shell andéor boom shells having ditferont size andfor design, therefors improving the
modalarity and versatility of the YAV designs, The wing shell andior the boom shells may be
oade of relatively Habt pobyimsrs (s, closed cell foam) coversd by the harder, butyslatively
thin, plastic skins,

{6051} The power and/or control signals from fuselage 106 siay be rogted fo PCBs
I8 through cables vunning through fuselage 106, wings 102, and booms 104, In the
Hustrated embodiment, UAY 100 has four PCBs, but other mumbers of PCBs ave absn
pussible. For exampde, UAY H0 may include two POBs, one per the boom, The PCBs carry
electronie components 1Y inclading, for example, power converters, confroliors, mémory,
passive components, ete. In operation, propulsion woits 8 and 1IO of UAV M0 are
electrically connected to the PCBs.

{0052} Many variations on the dlustrated UAV are possible. For instance, fixed-wing
UAVS may include miove or fewer rotor units (vertical or horizontal), andfor may utilbee
ducted fan or pudiple ducled fans for propalsion. Purther, UAVSs with more wings {eg., an
“xewing” contfiguration with four wings), are slso possible. Although FIG. 1A llusirates tvo
wings 102, two boows 104, two honzonts! propulsion anits 108, sad six vertical propulsion
anits: 110 per boom 104, it should be appreciated that other vartants of VAV 100 may be
toplemeanted with more of Tess of these compotents.  Forexampls, VAV 100 may wicluds
four wings 102, four booms 104, and more or less propulsion paits Chorizontab or vertical),
{H833] Simnilarly, Figonre 1B shows anotber example of a fixedwwing UAV 120, The
fixed-wing UAY 120 budes a faselage 122, two wings 124 with an airfoil-shaped cross
section to provide T for the UAV 120, a vertical stabilizer 126 {or {in} to stabilize the
plane’s vaw {um feft or right): 8 horizental stabilizer 138 (slso referred to a5 an elevator or
tailplane) to stabilize plich (Ul up or down), Tanding gear 130, and a propolsion wmt 132,
witich can olude 2 motor, shaft, and propefier.

HERE ! Figure 1C shows ant example of a UAV 140 with a propeller v 3 pusher
configaration. The ters “pusher™ refers to the fact that a propulsion umit 142 is wonnted at
the hack of the LAV and “pushes™ the vehicle foreard, focontrast to the propulsion uait
being mounted at the font of the LAY, Similar 1o the description provided for Figures 1A
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and 1B, Figare 10 depicts common structures wed & pusher plang, fnclading 2 faselage
144 two wings- 146, vertical stabilizers 148, and the propulsion unit 142, which canininde a
mortor, shaft, and propeller,

{0035] Figure: 12 shows an example of a taibsitier VAV 160, Inthe idhustrated
sxample, the tail-sitter UAY 160 has fixed wings 162 to provide K and allow the LIAY 160
1o ghide horizontally {o.g., slong the X-axis, in a position that is approximately perpendicular
to the position shown in Figure 1. However, the fixed wings 162 also allow the tail-sitter

VAV 160 to ke off and fand vertically onits own,

{0056] For example; at a laonch site, the tatl-sitier WAV 180 may be positioped
vertically (as showny with its s 164 andfor wings 163 resting on the ground and stabilizing

the UAV 160 o the vertica] position. The faibstiter UAV 160 may then take off by operating
ity propellers 166 1o generate an upward thrast (e.g. @ threst that 1 generally slong the y-
sxis). Owves at g suitable altitude; the wilsitter UAY 180 nwy use its flaps 168 to reovient
itself i a borixonial position, such that s fuselage 170 15 closer 1o being aligned with the x-
gxis than the yv-axis,  Positioned horizontally, the propellers 166 may provide forward theust
su that the tatbsitter UAV 160 can iy in a stinilar manner as a typical airplane.

{0057 Many varfatons on the ilusrated fixediwing UAVS wre possible. Faor
instance, fixed-wing UAVs may include more or fewer propellers, sodior may utibize s
ducted fan or pudiple ducted fans for propalsion. Purther, UAVSs with more wings {eg., an
“x=wing"” configuration with four wings), with fewer wings, or gven with no wings, are also
possibile.

{0058] As noted sbove, sonw sobodiments may volve other types of LAVS, w
addition to o w the alternative {0 fixed-wing VAV, For stance, Flgure 1E shows an
examiple of & rotororall that is commmnonly referred Yo as 8 multicopter 180, The multicopter
150 may also be referved {o as & quadcopter, as it meludes four votors 182, It should be
understood that example smbodirents may involve a rotoreraft with swwe or fewer rolors
than the multivopter 180, For example, a helivopter typically has two rotors. Qther examples
with three or more rotors are possible as well. Herein, the term “multicopter™ refers o any
rotorcrall Having more than two rotors, and the term “helivopter™ vefers 1o rotorcralt having
B0 Tots.

{6059] Refersing to the multicopter 180 in greater detl, the four rotors 182 provide
propulsion and maneuverability forthe multicopter 180, More specifically, cach rotor 182
includes Blades that are attached to 2 motor 184, Configored 85 such, the rotors 182 may
sllow the multicopter 180 to take off and fand vertically, to mancuver i any divection, andfor
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o bover. Further, the pitch of the blades may be adjusted as 2 group andéor differentially,
and may allow the nuliicopier 180 o conirel iis pitch, rolk, vaw, andfor altitude.

{0a6l] it should be understood that references herein o an “ummanned” gerial vehicle
ar VAV can apply equally to autonomous and sembaotonomous aertal vebicles, In an
sufonomous implomentation, all functionality of the aserial vehicle i automated; sy, pwe-
programmed or controlled vig real-tine computer functionalily that responds 1o input frmn
vavious sensors andior presdetermined information.  In a semi-autonomous implementation,
some fimctions of an gerial vebicle may be controlled by & hamen operator, while other
functions are carried out sutonomeously.  Further, i some embodiments, 3 UAV may be
configured fo sllow a remote oporstor 1o take over flunctions that can otherwise bo controlied
astonomousty by the UAV, Vet fivther, 8 given fype of mction may be controlled remotely
at one level of abstraction and performed autonomoushy at another level of abstraction. For
example, a vemote oparator could contral high level navigation decisions for a UAY, such a5
by specifying that the UAV should wavel from one location to another {eg, from a
warchouse in g suburban area 1o 8 delivery address in a nearby city), while the UAVy
navigation systemautonomoensly controls more fing-grained navigation decisions, such as the
specHic route fo take between the two - locations, speaific fight vontrals to achieve the rotse
and pvord obstacles while navigating the route; and 30 on.

ji6i] More gererally, it should be understood that the example UAVS desoribed
hevein are pot ntended to be Himiting. Example embodiments may relate to, be unplemented

within, ot take the form of any type of unmanned serial velucle,

L Wustrative UAV Components
{6862] Figure 2 i3a stophified block diagram llustrating components of a UAV 200,

avcording to an example embodiment, UAV 200 mav take the form of, or be similar in form
to, oneof the LAV 100, 120, 1480, 168, and 180 desoribed v reforence to Pigures 1A-1E.
However, LAY 200 may also take other forms.

{0663] LAY 200 may include various types of sensors, and may include a computing
system gonfigured o provide the functionality described hersine  In the dlussrated
ewbodiment, the sensors of UAV 200 inchide an inertial meastrement wat (1ML 202,
ulirasonid sensor(s} 204, and o GPS206, amuong dther posaible sensors and sensing systons,
HEL S i the ilustrated embodiment, UAY 200 also includes ote or more processors
308, A processor 208 may be a general-purpose processor o a special purpose provessor
{eg, digital sigual processors, application specitic integrated circuits, ete ). This oneor more
processors 208 car be configured to execute vomputar-readable progrant instructions 212 that
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are ‘stored o the data stovage 210 and are executable to provide the functionabity of @ UAV
described herein,

{0065) The data storage 210 may include o ke the form of one o more computer-
readable storage wedia that can beread or accessed by at ledst oue processor 208, The one or
more compuier-readable storage media can iclude volatile andior non~volatile  storage
gompenents, such as optical, magnetic, organic or nther memory or dise storsge, which can
he integrated nwhole orin pad with at teast one of the one or more processors 208, To some
embodiments, the data storage 210 can be bnplemented waing a single physical device {og.,
ong optival, magnetic, srganic or other memery or dise storage unit), while in other
crsbodients, the data storage 210 can be tmplersented using two ov more physical devices.
jo866] As noted. the data storage 210 can inclade computer-readable program
mstnictions 212 and perhaps additional daty, such as diagnostic data of the UAV 200, As
stch, the data storage 210 may tnclude propram instructions 212 & perform or facilitate some
or all of the UAV functionality described heren. For instance, in the ustrated embodimeny,
prograny instructions 212 ielude @ pavigation moduale 214 and 4 tether control modale 2160
{6067] A, Sensors

{0068 i an dlugrative embodunens, IMUI202 may welude botl an avcelermmeter
and a gyroscope; which may be used together to determine an orlentation of the LAY 200, In
particular, the accelerometer can measure the onientation ol the vehicle with respect o earth,
while the gvroscope measnres the rate of rotation around an axis. IMUs are commercially
gvailable n low-cost, low-power packages. For instance, an IMU 202 may take the formof
o ilade & mimaturized  MicroBlechroMechamcal  Sestem (MEMS) o 2
NanoBlecttoMechanioal System (NEMS). Other types of IMUs may also be niilized.

{606y An IMU 262 may include other stnsors, in addition to accelerometers and
gvroscapes, which may help to better determing position anddor help to increase autonomy of
the UAV 200, Two exatples of such sensors are magnetometers and prossure sepsors. In
some embodiments, a UAY may include a lowepower, digital 3-axis magnetometer, which
can be used 10 reshize g ovientation independent slectronic compass for accurste heading
information.  However, other types of Magnetobieters may be atilized as well.  Other
exanmries are alio possible. Farther, note that 2 UAY could inchude some or all of the abote-
deseribed inertia sensors 88 separate componsiits from an IMLUL

{6678] LAY 206 may slso include a pressure sensor or baroseter, which can be ased

to determiive the altifude of the UAV 2000 Altsmatively, other seosors; such as sonic
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altimeters or radar allinseters, can be uwsed to provide an indication of altitade, which may
Help to improve the accuracy of andéor prevent drift of an IMUL

{687 g further gspect, LAY 200 may inclods ong or more sensors that alflow the
UAY to sense objects in the envivonmoent. For instance, in the Ulnstrated embodiment, LAY
200 includes ultrasonic sensor(s) 204, Ultrasonic sensor(s} 204 can determine the distance o
gn object by generating sound waves and deterntining the time interval bobween transmission
of the wave and receiving the corresponding scho off an object. A typical application of an
gltrasomie sensor for enmanmad vehicles or IMUs iy low-level altitude control and obetacks
avisidance. An ultrasonio sensor can also be used for vebicles that need 1o hover at a certain
height or need 10 be capable of detecting obstacles, Other systems can be used 1o detorming,
sense the presence of, andfor determine the distance o newrby objects: such as a light
detection and ranging {LIDAR) system, {aser detection and ranging {LADIAR y system, andfor
agn infraved or forward-looking infrared (FLIRY system, amony other possibilities.

{0672} In some smbodiments, UAV 200 may also include one Or more imaging
sustemi{s). For example, one or move still andior video cameras may be utilived by UAV 310
0 capture image data from the HAV s envivonment. s a speaific example, charpe-coupled
devies {CCD) pamerss o complementary nieiboxidesenivondactor {TMOR) camerss can
be used with unmanned vehicles.  Such imaging sensor{s) have oumerons possible
apphications, sach as obstacle avoidancy, Jocalization techniques, ground racking for more
sonuraie pavigation {e.g., by applving optical flow techniques 0 bnages), video fedback;
sndfor image recognition and provessing, among other possibilities.

{8673 LAY 200 may also tnclude a GPS receiver 206, The GPS receiver 206 may
be configured to provide data that is-typical of well-known GPS sydtems, such as the GRS
conrdinates of the AV 200, Such GPS data may be utilized by the UAY 200 for various
functions. As such, the UAY may use s GPS recelver 206 to help navigate to the caller’s
focation, as indicated, af least @ part, by the GPS coordinales provided by their mobile

deviee. Other oxsmples are also possible.

{074] B, Navigation and Location Determination
{0675] The navigation modele 214 may provide functionality that alfows the UAV

200 10, e, move sbowt #s envitonment and reach 8 deswed location.  To do seo, the
navigation module 214 may vontrel the sltitude sndfor-direction of Right by controlling the
mechanteal festores of the LAV that affect Sight {o.g., w8 rudder{s}, clevator(s), aileron(s),

andfor the speed of s propelleris))



WO 2019/126275 PCT/US2018/066410

{0676] In order to navigate the UAV 200 fo a target location (g, 3 delivery
lncation, the gavigation modale 214 may implement vanous savigation technigues, such a8
map-based aavigation and focalization-based pavigation, Ry instance.  With map-based
gavigation, the LAV 200 niay be provided with avoap of is environment, which may then be
wad to pavigate oa particular Jocation on the map,.  With localization-based navigation, the
VAV 200 may be capable of navigsting in an unkoown environment using localiztion.
Localization-based navigation may involve the TUIAV 200 building #is own map of its
enviromnent and caleolating siv position within the map andfor the position of objects i the
cnvironment. For example, a8 a UAY 200 moves throughout dts environment, the UAV 200
gy continuousty use tocalization o update #s map of the eavironment,  This continuous
mapping process may be referred o ag simaltancous localization and mapping (SLAM)
Other pavigation techaigues may also be uitlized.

{0677] In some embodiments, the nevigation module 214 may navigate using a
techotque thiat relies on waypoints. o particalar, wavpoints gre sets of coordingles that
identify points iy phveical space. For instance, 80 giv-navigation waypoint may be defined by
& certain lathude, lomntude; and altitude.  Accordingly, navigation module 214 may cowse
VAV 200 10 move Fom waypolt to waypoat, in onder fo ultinsately travel to g il
destination {e.g, o foal waypoint in & sequence of waypoints).

{8678} Ina further aspect, the navigation module 214 andfor other components and
systems of the UAY 200 may be configured for “localization” 1o more precisely navigate to
the scene of a target location. More specifically, it may be desirable in certain siuations fora
UAY o be within a threshold distance of the target location where & payvioad 2284s being
delivered by a UAV {eg., within g fow feot of the target destination). To this ead, a UAV
may use 3 iwo-tiered approach in which it vyes 3 more-genersl location-determination
technique to ngvigate toa general area that 1s associated with the fargetlocation, and then use
3 morewrelined location-determination technique 1o dentify andior navigate to the target
focation within the general arsa.

{0679 For example, the UAYV 200 may navigate to the geperal area of a targst
Jestination where @ payload 228 s being delivered using «aypoints andfor maphased
pavigation.  The UAV miay then switeh to 3 miode in which B utilizes a localization provess
to tocate gud travel to 4 more specific location. Fet lustance, if the UAV 200 is o deliveg a
payioad o g user’s home, the UAV 00 may need o be substantially close o the target
focation in order to aveid delivery of the payload to wdesired wress {eg, onto a roof, into a
pool, pitto e neighbor’s property, et ). However, 2'GPS signal myay oply get the UAV 20030
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far {eg, within a block of the user’s home). & wore precise location-determination
techaigne may then be used (o' find the specific tavget location.

{0O8Y] Varlous tvpes of locstion-determination technigues may be used o avcomplish
localization of the target delivery location once the UAV 200 has navigated to the general
area of the target delivery focation. For instance, the UAY 200 may be eguipped with one ov
more sensory. systems, such as, for example, ulirasonic sensors 204, infrared sensors (mot
shownj, sndfor ofher semsors, which may provide ioput that the navigation module 284
gtilizes {o navigate autopomeusly or semi-auionomensty o the specific trpet location,

{0081} As another exmnple once the UAY 200 reaches the general area of the target
delivery location (or of 8 moviag subject such a5 a pertson or ther mobile device), the UAY
300 may switeh to g “fly-by-wire” mode where 1t s controlled, at least n pant, by 8 remote
operalor, who can navigate the UAV 20 to the specific target location,  To this end, sensory
data from the UAV 200 mayv be sent 1o the remute operator o sssist them in navigating the
VAV 200 1o the specilic Ingation.

{0682} As yvet another example, the UAV 200 may include a module that is able o
stpnal to @ passer-by for assistance by either reaching the specific target delivery focation; for
example the LAV 200 muy display @ visupt méssage requesiing such assistaver in 4 graphic
display, play my andio message or tone through speakers o ndicate the need for such
assistanoe, among other possibilitics.  Such a visual or andio message might indicate that
assistance is needed in delivering the UAV 200 1o a particular person or @ panticular location,
sud might provide nformation o assist the passer-by i dehivening the UAV 200 o the
person or Tocation (g, a deseription or pichure of the person ot location, andior the person or
loeation’s name), among other possibilities. Such a feature ¢an be useful 8 & scenatiy in
which the LAV is upable to use sensory functions or another location-determination

technigue 1o reach the speeific target location. However, this festure is not limited to such

SCRRATIOS,
{U683] In sohme dmbodiments, once the UAY 200 amives at the general ares of a

tarzet dehvery location, the UAV 200 mgy utilize a bescon front s user’s remote devige {8.g.,
the user™s mobile phone) 10 Wocate the person, Such & boacon may ke variows Tonms. Agan
exanyrie, consider the scenarity wherd s temote device, such as the mobile phone of & person
who requested a UAY delivery, 15 able to send out divectional sipnals fe.g, via an RE signal,
a hight signad sudéor an audio signal). In this scenario, the LAV 200 may be configured o
savizate by “sourcing”™ such directionad gignals < §u ather words, by determiting where the
signal is strongest and navigating accordingly. As another exapple, a mobile device can emit
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a frogquéncy, either in the fuanan rangs or ouside the huuet range, and the UAY 200 can
Hsten for that fequency gnd navigatsaccordingly. -As a related example, i the UAV 200 &
Histening for spoken conunands, then the UAV 200 could utilize spoken statements, such as
“Fooover here!™ to scurce the specilic Jocation of the person requesting debivery of a
payioad

{U84) In gn alternative amangement, 8 navigation module may be implemented at a
remete computing device, which communicates wirclessty with the UAV 208, The remote
coanputing device may secetve data indicating the opevational state of the LAY 200, sepsor
data. from the UAV 200 that allows i to assess the soviremmental conditions heing
experienced by the LAY 200, andior Jocation foformation for the LAV 200, Provided with
such information, the romele computing device may determine altitudinal andfor divectional
adjustments that should be made by the UAY 200 andfor may determine bow the UAY 200
should adiust #s mechonical features {eg., s mudder(s) elevator(s), atlerond(s), sndfor the
speed of is propelier(sy) o oeder o effectnate such moviments.  The remote conputing
sustem may then comommicate sueh adjustoventy 1o the UAV 200 so 1 cdo move i the

determinad manner.

{0085 C. Communication Systems
{o0ae] b a further aspect, the LAV 200 inclades one or more communication

systems 218, The conwnunivations syatens 218 muy inchude one or more wiveless interfuces
anddor ong o pne wireling interfaces, which allow the UAV 2000 compnnsicate via ede or
more networks. Such wireless imterfaces may provide for communication under one or more
wireless commumication protocols, such as Blustooth, WiFi fe.g., an IEEE 02,11 protocoly,
Long~Tetm Evolation (LTE), WiMAX {e.g., an THER 802,16 standiard), a radio-frequency 1D
{RFID)Y protocel, near-fleld communication (NFC), andfor other wireless communication
protocols. Such wireline inferfaces may inchude an Ethernet interface, 8 Universal Serial Bus
(LIS} interface, of simiilar interface o communioate via 8 wire, & twinted pair of wires, a

goaxial cable, an optival link, a fiber-optic lak, or other physical connection 10 a wirgline

nstwork.
{0687} In-some embodiments, 8 UAV 200 may nchude communication sysfems 218

that allow tor both short-range commuanication and long-rangs communication. For axample,
the LAY 200 nwy be configured for shovt-range conununicsticus using Blustonth and for
fong-range commanications under e CDMA protocol. In such an eobodintent, the VAV 200
may be configured to function as a “hot spott™ or i other words, a8 a gateway or proxy
hetween g remote support device and one or more data nebworks, such as 8 cellolar network
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andfor the Intevadt, Configwred a such; the UAV 200 may facilitate data conmmmications
thiat the remote support device would otherwise be unableto perform by itself.

{0O8R] For example, the VAV 200 may provide 8 WiFY connection 10 2 remote
device, and serve as a proxy of gateyvay to a cellitlar Service provider’s data network, which
the AV mught connest to under any LTE ova 3G protocel for instance. The LAY 200 could
gls0 serve as a proxy or gateway o @ high-altitude balloown network, a satellite network, ora
combintion of these petworks, ameng others, which & remote device might not be sble to

othorwise aecoss,

{6889} b Power Systemy
{4898} I g forther aspedt, the UAV 200 may include power system(s) 220, The

poswer systeny 220 may include one o more batteries for providing power 1o the UAY 300,
In one example, the ong or more batteries may e recharpsable and gach battery may be
recharged via o wired connection between the battery snd & power supply andfor via a
wircless charging system, such as an inductive charging svsionm that applies gn extecial time-
vaiving magnetc field to an interna] battery:

{6691 in & further-aspect, the power systems 228 of UAV 200 a power interface for
electrondenlly coupling 10 gt external AC power stured, and any AQDC econverter coupled 1o
the power interface and operable to cogvent aliernating carrent o direct current that charges
the LAV s battery or halteries. For instance, the power interface may inchude a power jack or
other electe coupling for connecting to & 110V, 120V, 220V or 240V AL power soures.
Such @ power systern iy facilitate a reciplent-assisted recharging process, where a regipiont
can connect the HAVY fo o standard power source at a debiverv location, such ay the
feciptent’s home or office. Additionally or alternatively, powst sysems 226 could include an
inductive charging interface, such that recipient-assisted recharging can b acconplished

wirclessty via an inductive charging system installed or otherwise avatlable at the delivery

location.
{tee] E. Payload Delivery
{0493 The UAY 200 may coploy vanious systems gnd configurations in ordse to

ransport dand deliver a payioad 228, In sonie implomentations, the payload 228 of 4 given
LAY 200 may include or take the foom of & “package” degignad 1o traspoil various giods o
a target defivery location.  For example, the LAV 200 can inclode & compartment, in which
an ient or Hems may be tansporied. Such a packsge wmay one oy more food Homs, purchased
goods, medical items, or any other object(s) having 8 sive and weight swiable o be
transperted between two focations by the UAV, In some embodiments, a payload 228 may
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strply be the oneor tore Bors that aré being delivered (e, without any package housing
the Hems). Aad, in some smbodintenis, the items being delivered, the container or package
i which the items are transported, sndfor other components may all be considered to be pant
of the paviead.

{094] In soeme embodiments, the payload 228 mayv be attached to the LAV and
tocsted substantisily cutside: of the VAV duting some or all of a flight by the VAV, For
example, the package may be tothered or otherwise releassbly attached below the UAV
during fHght to & tvget ocation.  In anvembodiment where 8 packags carmes goods below the
UAY, the package may include various foatures that protect its confenis from he
chvironment, reduce gerodynante drag on the systemn, and provent the contents of the
package from shifting duriog UAY flight

{6095] For instance; when the pavioad 238 takes the form of a package for
transporting Hems, the package may include an outer shell voustructed of water-resistant
cardbeard, plagtic, or any other hghbweight and water-resistant nwterial. Farther, in ovder to
reduce drag, the package may featre smwoth surfaces with g pointed Front that redaces the
frontal cross-sectional area. Farther, the sides of the package may taper from a wide bottom
W g nattow op, whch allows the package 0 sorve as a narvow pylon that sedudes
interference effects on the wing(s) of the LAY, This may move some of the fromal area and
volume of the package avway from the wing(s) of the UAY, thereby preventing the reduction
of 1ift on the wig(s) cause by the package. Yet further, in some smbodiments; the omer shell
of the package may be constrncted from a single sheet of mosterial in order fo reduce air gaps
of extra material, both of which mway incresse drag on the system.  Additiomally or
alternatively, the packase may tachude a stabilizer to dampen package flutter. This redection
in flutter may allow the package to bave s less rigid connection to the YAV and ney cause
the contents of the package to shift less during fhght

{8094] In onder o debiver the paylosd, the UAY may clade a tether system 221,
which myy be controlied by the tether control module 216 i onder 1o lower the payload 228
o the ground while the UAY hovers above. The tether system 221 may inchude g tether,
which is couplable to 2 payload 228 (e.g., a patkage). The tether 224 may be wound o
spool that 15 couplad to amotor 222 of the UAY (aithough passive umplementations, withow
a maotor, are alse possible). The motor may be a DO motor (g, A servo moter) that can be
actively controlled by a speed controller, although other motor configurations are possible.
i some exwbodiments, the tether control modale 216 can control the speed controlier W cause
the 222 to rotate the spowd, therely unwinding ov reftacting the fether and lowering ot ratsing
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the pavioad coupling spparats. In practice. a speed controller may output 8 destred
Operating mate (e, a desired RPMY for the spool, which may corespond to the speed at
whigh the tether system should lower the pavioad towards the ground. The motor nay then
rotate the spoot so-that it maintains the desired operating rate (or within some allowable range
of dperating rates),

{0097 In order 1o conmol the motor via a speed controlier, the fether control module
215 mgy vecetee data from o speed sensor {eg, an encodery configured fo comvert a
pwchanieal position 10 8 sepreseptative analog or digital sigual.  In pachicddar, the speed
sensor may mchade a rofary encodor that may provide information related to rotary positinn
{and/or rotary movement) of a shait of the motor or the spool coupled 1o the miotor, avhong
other possibifittes.  Moveover, the speed sensor nay take the form of an ghsolte encoder
andfor an moremental encoder, among others. So i an example implementation, as the
motor causes rotation of the spond, a rofary eactder may be used o measure this rotation. In
doing so, the rotary encodér may be fised o convent 8 rotary position to an aoilog or digital
electronie signal used by the tether control modale 216 to determine the amount of rotation of
the-spoot from a fixed reference angle andlor to an analoy or digital electronic signal that &
representative of & ndw oty position, - anong other options.  Other examples afe also
possible,

{30498] In some embBodiments, a pavioad couphng component {e.g., 3 hook or another
type of coupling vomponent) can be confipared Yo secure the paviead 238 while being
towered from the UAY by the tether, The couphng spparatus o component and can be
further configured fo - release the payioad 228 spon reaching ground fevel vis electrical or
eleciro-mechanical foatures of the coupling component.  The pavicad coupling component
can then be retracted to the UAV by reeling in the tether using the motor.

{6099] In some implementations, the pavipad 228 may be passively released onge it s
fowernd to the ground. For example, a payioad coupling component anay provide 3 passive
release mechanisin, such as ong or More swing srms adapted to retract into and extend from a
housing,  An exicnded swing arm may form 2 hook on which the paviosd 228 may be
attached.  Upont loweting the release rocchamism and the payload 228 1o the ground viga
fether, 3 gravitastional force as well as 2 downward nestial foroe on the release mechanism
may cause the pavload 228 1o detach from the heok allowing the relesse mechanism to be
raised apwards toward the UAV.  The release mechamism way forther include o spring
mechanisnr that biases the swing armg o retract st the hoosing when thers are no other
sxterpal forces on the swing anm. For instance, 4 spring may exett 2 foree on the swing am
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that pushes or pulls the swing armt 1oward the housing such that the Swing aom rolvacts it
the housing once the weight of the payload 228 no fonger forces the Swing arm 10 extend
from the bousing. Retracting the swing arstinto the housing may reduce the likelihood of the
release mechanism snagping the pavioad 228 or other nearby ohjects when raising the release
mechanism toward the UAY upon delivery of the pavioad 228,

{06168} In another boplementation, & payload coupling component may include a hook
feature that passively releases the pavicad when the paviesd contacts the groumd,  For
exampie; the paylead coupling component may take the formr of or inchude & book featuns that
i sized and shaped to interact with 8 corresponding attachunent featurs (o8, 8 handle orhole)
ou a pavioad taking the form of & conlainer or tofe.  The hook may be inseried inlo the
handle or hole of the pavload container, such that the weight of the pavioad keeps the payload
container secured to the hopk feature dunng flight. However, the hook feature and payload
containermay be designed such that when the container contacts the ground and is suppotted
from below, the heook feature slides out of the ¢ontainer’s atfachment fodtare, thereby
pussively  releasing the payload container. Other passive release configuraions are also
possible,

IR Active payload refease techanisms are also possible. For example, sensots
such g8 a barometric pressuwre based altimeter andlor aceelerometers way help to detect the
position of the release mechamsm {and the payload) relative to the ground. Data from the
sensors can be communicated hack to the UAY andior a control system over a wireless Hnk
and used to help o determining when the release mechanism has reached ground fevel {eg.,
by detecting a measurement with the accelorometer that i3 characteristic of grownd pact).
Iy other examples, the TAV may determine that the payload has reached the ground bassed on
a weight sensor detecting a threshold low downward force on the tether and/or based on a
threshold low measurement of power drawn by the winch when lowenng the pavioad,

{80162} Other systems and techniques for delivering 3 pavioad, n addition of m the
glierngtive 1o a ethered delivery system are slso possible. For example, 8 UAY 200 ¢ould
mclude an abr-bag drop systemy of & parachuie drop system,  Alteroatively, g UAY 200
Carrying 4 pavioad could simply land ou the ground at o delivery Tocation.  Other examples
are also possibie.

HEUTEY] fn some amrsagements, & UAY may not inclade g tether system 2210 For
exanple, & UAV could inchude an infernal compartasent or bay b which the LAV could bold
tems during transport.  Soch a compartment could be configured av a4 top-loading! side-
loading, and/or bottom-loading chamber. The UAV may inchude electnizal sndfor mechanical

2
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means fe.g, doors) that allow the interior compartment in the UAV ty be opened and closed.
Accordingly, the UAV may open the compartiment in various cirqumsiances, such as (3}
when picking ap an neny for delivery at an ftem source Jocation, such that the item can be
placed m the UAY fur delivery, {b) upon srriving ot o delBivery location, such that the
recipient can place. an. item for refurs into the UAV, andior {©) in other circumstances.
Funbier, it is also coutemplated, that other non-tethered mechanisms for secwring payload
ttems o a LAV are also possible, such as varions fastencrs for seqwing ftems to the UAV
howsing, among other pessibilities. Yet fuvther, a UAV may include an interial compartaent
for transporting items and/or other non-tethered mechanisms for securing pavicad items, in
addition ot in the alternative to a tether system 221,

IV, Hlustrative LAY Deployment Systemg

{86104] VAV syatems may be implemented in order o provide variows UAV-related
services, In particular, UAVs miay be provided at s mumbet of different Tnunch sites that may
be in commurication with regtonal andior ventral control Svstems. Such g distribated UAY
svstem may allow UAVs to be qudckly deployed to provide services across o largs geographic
greg {e., that is much larger than the fight ranpe of any single VAVYE For example, UAVS
capable of carryving pavioads may be distributed at & number of launch sites goross o larpe
geographic area {possibly even throaghout an entire country, or even worldwide), in order to
provide on~demand travsport of various tteos {0 locations throughout the geographic area.
Figure 3 ix g smnplified bloek shagram Hlostrating a distributed VAV system 300, avcording
o an exsmple enbodiment,

{00185] In the llustrative UAV system 300, an access systemy 302 may allow for
interaction with, contred of, andfor utilzation of a network of AV 3064, In sone
embodiments, an access system 302 may be a computing system that allows for human-
controlied dispatch of UAVs 304, As such, the control system may include or otherwise
provide 3 ussr inderface through which @ user caw access andior contred the UAVSs 304,
{06186} In some ombodiments, dispatch of the UAVS 34 may additionally or
alternatively be secomplished via one or more antomated processes. For instance, the access
systern 302 may dispatch one of the UA VS 304 to travsport 8 payload to g target Jocation; and
the VAV fay autononiously savigate & the wrget location by ntilizing various ais-board
sensors, such gs o GFE meceiver andfor other verious navigational sensors,

{68187} Fuorther, the access system 302 may provide for remote operation of ¢ UAV.
For istance, the access system 302 may allow an operator to control the flight of a UAV via
i user interface. AS @ specifie oxample, an operator may use the aocess system 302 o
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dispatch 3 HAY 304 to a wrget location. The UAY 304 may then autopomously navigats t©
the peheral area of the target location. At this point, the operator may nse the access systens
302 to toke control of the VAV 304 and navigate the UAYV o the target Tocation {e.g 1o 8
particular person to whom & payload 15 being tranmsported).  Other axamples of wamote
speration of a UAY are also possilis,

jGes108] In an illustrative embodiment, the UAVs 304 may take various forms, For
gxample, each of the UAVs 304 may be a UAV such as those iHusteated n Flgures 1, 2,3, or
4, However, UAY system 300 may alse attlize other typegof UAV withowt departing from
thivseope of the invention. In some implementations, all of the UAVs 304 may be of the
same o a simiar configuration, However, W other implementations, the UAVY 304 sy
inclade a number of dilferent types of UAVs, For nstance, the UAVS 304 nay include o
mumber of types of UAVs with sach type-of UAY being configured for a different type or
types of payload delivery capabilities.

{06199} The UAY system 300 may further inchude a remote device 306, which may
take vartous forms. Generally, the remote device 3086 may be dny device through which a
divect o tndirect request to dispateh a UAV can he made. (Note that e indivect refpuest way
mvolve any conununication that vy be responded o by dispatching '» LAY, such a8
reguesting 8 package delivery). In anexanyple exhodiment, the remote device 306 may be g
mobhile phoue, tablet computer. laptop computer, personal computer, or any network-
copnected conmputing devics. Further, in some instanves, the vemets device 306 may net be a
computing device. As an example, a standard telephone, which alfows for communication
via plain old telephone service (POTSY, may serve as the remote device 306, Other types of
femote devices are also possible,

[00110] Further, the remote device 306 may be configured to commuanicale with secess
systomy 302 wia one ov more types of communication network{s) 308, For example, the
remude device 306 way communicate with the access system 302 {or a human operator of the
gocosy system 302 by commindeating over & POTS netwink, 8 cellular setwork, andior a
dats network such as the Internet. Other types of networks may also be utilized.

{06111 In some embodiments, the remote device 306 may be condigured o allow a
gser o requist plek-ap of one of more Hems frovn a certain source lvation andior delivery of
one or mare Hems o a desired lpeation. For example, a user could reguest UAV delivery of o
package totheir home via there mebtle phoue, tablet, or laptop. A awother example, a user
coald reguest dynamic dehivery to wherever they are located at the thwe of delivery. To
provide soch dynamic delivery, the UAY system 300 may reeetve logation nformation {e.g.,
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GPS coordimates, ete} from the wer’s mobile phone, or any other device on the user’s
person, such that a UAY can navigate {o the aser’s location {as mdicated by their mobile
phons).

{00112} Insome eyobodimenty, a busipesy wser {e.g., 3 restawranty could wtilive one'or
more remote-devices 306 fo requedt that & LAY be dispatched to pick-up one or more Hems
{o.12., 8 food order) from g source focation {e.g., the restanrant’s address), and then deliverthe
one or more dems o o8 target location {eg., w customer's sddress).  Further, inosuch
embodiments, there may be & paber of resmole devices 306 asseoiated with'a conunon item-
provider account (2., an account used by nultiple enployees and/y owners of a particular
restaurant).  Additionally, 1n such embodinents, a remote device 308 may bewtilized o send
fenvprovider subnrissions o g transport-provider computing systemn {e.g., contral dispatch
systemy 310 and or local dispatch system 3125, which each indicate a respective guantitative
measure for g given amount of UAY transport service afa given fulwre time, For examyple;
remote deviee 306 may be utihized to geserate and send an item-provider submission that
specifiey a level of desired VAV transport gervices {e.y., mumber andior tate of expected
VAV delivery flighis), andior a monetary valos cotresponding to the item provider®s nesd for
VAV transport services, at o particudar time of duting a pacticalat period of tirhe in the future,
{8113 oo iHustrative srrangement; the central dispatchy system 310 may be'a server
or groap. of servers, which 3 configured o vecoive dispatch messages requests andior
dispatch instructions frmn the acotss system 302, Such dispatch messages may request or
tnstruct the contral dispateh systom 310 to-coordimate the deploveent of UAVS 10 varoas
target locations.  The central dispatch system 310 sy be further configured to routte such

fequests or instructions 1o one of mwse local dispatch systems 3120 To provide sach

functicnality, the contral dispateh systemt 310 may compnmicate with the access system 3032
via a data vetwork, such as the Infemet or g private network that i established for
comummmcations between accesy systers and automated dispatoh systems.

{081 14} In the illustrated configuration, the ¢entral dispatch systeny 310 may be
configured o coordinate the dispateliof UAVS 304 from a number of different local dispatch
systems 3120 As stch, the central digpateh systemn 310 may Keep track of wihich UAV: 304
ar focated ab which local dispatoh systems 312, which UAVE 304 arg currently avatlable for
deployment, andfor which strvices or operations each of the UAVs 304 is configared for {in
the event that a UAV fleetinclodes nusltiple types of UA VS confipured for different servives

andfor operations). Additionally or alternatively, cach local dispateh systent 312 may be
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configired fo track which of ity dssociated UAVS 304 are cuavently avadlable for deployment
andforare currently i the midst of em wansport

{60115 fnsome cases, when the central dispatch systom 310 peceives 2 request for
UAW-related servios ey, transport of an tom) from the access svstem 302, the central
dispatch svstem 31 mray select g speeific UAV 30410 dispateh. The central dispaich sysiem
310 may accordingly tstroct the locs! dispatch systom 312 thet i3 associated with the
selected UAV to dispstely the selected UAY. The local dispateh systeny 312 may then operate
it ansociated deployment system 314 o lannch the selected VAV, o other cases, the centead
dispatch systemt 3180 maay forward a sequest S s UAV-malated sepvice toa locsl dispateh
SYSRI 3§ ! that is aear the location where the support 15 requested and leave the selection of
a particudae YAV 304 10 the local dispatel system 312,

{66116] In an ssample configuration, the local dispateh systemy 312 may be
implemented as & computing system at the same location as the deployment systems) 314
ihat it controls.  For example, the locsl disparch systom 312 may be implomented by a
computing systemt installed st o butlding, such as @ warehouse, where the deployment
systemis) 384 and UAV(E) 304 that ave gssociated with the particalar local dispatch svstem
312 ‘are also located. I other ewbodiments, the focsl dispatch systetn 312 sy be
implemented at a location that s remote to By assoviated deployment systemis) 34 and
UAV(s) 304.

jea117y Numerous variations on amd alternatives @ the Hustrated configuration of the
UAY system 300 are possible.  For example, in some embodiments, 8 sser of the remote
device 306 could request delivery of a package divectly from the central dispatch system 310,
Tos do so, an application may be mplemented o the remote device 306 that allows the wey
to provide information regarding o requested delivery, and generate and send a data message
to request that the UAV system 300 provide the debivery. In such an embodiment, the central
dispatch system 310 may anclude automated functionality t handle requests that we
penerated by such an application, evaluate such requests, and, i sppropriate, coordinate with
an appropriate local dispatch system 312 1o deploy a LAV,

{06118} Further, some or all of the fimctionality that & atiributed herein to the central
dispaich systein 310, the local dispatol gystem(zy 312, the access gvsteny 302, andfor the
deployment systiands) 314 may be combined in 8 single systemy,. inplemented a2 mor
complex System {e.g., having more Rayers of control), andior redistributed awmong the central
dispatch system 310, the lfocal dispateh syster(s) 312, the access system 302, andfor the

deplovaent systemis) 314 in varions ways.

v
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{06119} Yt further, while sach focal dispatch svstem 312 i shown as baving two
associnted deployment systems 314, 3 given focal dispateh system 312 may alieraatively have
more or Tower associated deployment systems 314 Simularly, while the cential dispatch
systong 310 {3 shown as Being o commubivation with twer Jocal dispately systems 312, the
central dispatoh system 310 may aliematively be in compunication with move ov fower local
dispatch systems 312

joa128} In g fuether aspect, the deployment systems 314 may take vadous forms. In
s inplementations, some or all of the deployment sestems 314 may be a st or
system that passively facilitates a UAV taking off from a resting position to begin g flight,
For example, some or all of the deployment systems 314 may take the i of g landing pad,
a hangar, andéor s runway, among other possibilities.  As such, a given deplovment system
314 may be arranged o facilitate deployment of one LAY 304 af a time, or deployment of
multiple UAVE feg, & landing pad large coough o be utilized by muliiple TAV:
concurrently).

{06121} Additionally or alternatively, some or all of deploviment systems 314 may teke
the form of or Include systems for actively laanching one or more of the LAV 304, Sach
founch- systems may include festures thar provide for s autonmated VAV launch andior
festures that allow for & huwan-assisted VAV lamch. Further, a given deployment system
314 may be configured to launch ove particalar UAY 304, or to Jaench multiple UAVS 304,
{0122} Note that deployment svstewss 314 may also be confipured to passively
faucilitate andfor activelv assist & UAV when landing.  For exanple, the same landing pad
could be psed for take-off and landing.  Additonally or alternatively, a deployment system
could inchide a vobotic arin operable fo recetve an nconting UAV. A deployment system
314 could also include other structures and/or systems to assist and/or facilitate LAV landing
processes.  Farther, swoctures andfor gystems to assist anddor {fscilitale UAV landing
processes may be implemented as sepavate structures andfor systomy, so fong as LAVS can
move or be moved from § landing structure or system to a deplovment system 314 for res
deplovinent,

{06123 The deployment systems 314 nuy further be configured fo provide additional
fonctions, nchuding for suample, diagnostic-related futetions such as verifving system
functionality of the VAV, verifving functionality of devices that are housed within a UAY
{e.g, & payload delivery apparatus), and/or maintaining devices ot other items that gre hoased

inthe UAV (e.g., by monitoring a status of a paviosd such as i teynperaturs, weight, oo ).
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{00124} In some embodiments, ocal dispaich systomy 312 (along with their respective
deployment system(s} 314 ‘may be strategically distnibuted throughont an afed such as a ¢ity.
Forexanple, local dispateh systems 312 nay be strategically distributed such that esch focal
dispaich svstems 312 18 proximate to one or ore pavioad pickup locations (eg, near a
restaurant, store, o warchouse). However, the local dispatoh systems 312 may be distributed
iy other ways, depending upon the particular wiplementation.
{08125} Ax an additiona] exaraple, kiosks that allow users fo transport packages via
VAV may be installed I various locations, Buch kiosky may inclads UAY laench systems
and may allow a user 1o provide their package for loading onto a UAV and pay for UAV
shipping services, gmong other possibitities, Other exaniples are also possihle.
{60126} fre g farther sspect, the UAY system 308 may inchude or have access to s user-
sccount database 316, The user-sccount database 316 may include data for o vapmber of aser
scrounts, and which are each assoctated with one or more petsty, For g given user gecount,
the user-account database 316 may intlude data related 1o or asbfid in providing UAV related
services. Typically, the user data associated with each gser accowmt is optionally provided by
an assoctated wser andior is collected with the associated user’s permission.
{08127} Further, in some efboditamts, & persof may be requived o register for yuser
account with the LLAV system 300, i they wish 1o be provided with UAV-related services by
the TIAVS MM from UAV system 300, As such, the wser-account database 316 may include
suthorizetion information for a given user gccount {fe.g., a user numne and password), anddor
other information that way be used to avthorize scoess o g aser aceount.
{00128 In some enthodiments, a person oy associate ong or mere of thely devices
with their user accounit, such that they can access the services of UAV system 300, For
example, when 2 person uses anassociated motale phone to, €.g., place a call to an operator
of the scoess system 302 or send & message requesting a UAVirelated service to g dispateh
systesn, the phone may be identified via @ unigue devics wentification mumber, and the call or
wessage may then be attributed o the associated user actount.  Other examples are also
pnssibie.
{06125 Additionally or alternatively, an item provider that wishes to deliver their
products wsing UAY tansport services provideit by an ATSP to dediver, can register foran
Hem-provider socount with the UAY system 300, - As such, the user-acoount databiase 316
may inclade wuthorization information Ror a given tem-provider account {e.g., one Or more
user navne and password combinations), andior other Information that may be wed
suthorize access 1o a given #lemeprovider aoconnt.  ARermatively, data for Hem-provider
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accounts may be kepl in a separate database from recipiont aser accounts.  Giher data
stractores and storage configurations for storing such atcount data are also possible.

Y. HAY Transport Services with Separately Located Hem Providers and UAV

Hubs
{86136} As noted above, an ATSP mav be aseparate entity from the entity ov entities

that provide the ey being transported andfor interface with the recipients who reguest
delivery of these flems. For example, a company that operates a flect of UAVs configored
for stem dedivery may provide delivery sevvices for thand-party entities, such as restanrants,
clothing storas, grcery stores, and other “brick and mortar™ andiw online retatlers, smong
other possibilities. These thivd-party Ontifies miay have aceounts with the UAY grasspont
service provider, via which the thardepartics can request andior purchase UAV transpont
services from the transpert service provider. Further, the thirdsparty entities could interface
with recipients (e.g., custnners) divectly, or through cmmputing systems {e.g., applications
andfor server systens) provided by'the UAV transport service provider,

{06131} Figare 4 i a block diagram showing an example srransement for any gerial
transport provider control system 402, which coordinates UAV wanspost services for a
plurality of ftem providers that are {ocated ronotely from the service provider’s dispatch
locations, and served by g plorality of UAV hubs at variogs locations.  As shown, an gerial
transport service provider (ATSPY 402 may be communicatively soupled to AV pests $Ma
to 4044, and copnumicatively coupled to ieni-provider computing systenss 4068 to 406d.
Sueh communicstive. couplings may be ymplomented using variows types of wired andior
wireless communication protocols amd networks,

{08132} Hach UAY sest dida to 404d 18 a facthity where UAVs can be stored for &t
least a short peried of time, and froem which UAVs can bogle carrving out 8 UAV fransport

task {e.g

T

where HAVS can take off). In some tplementations, soms or all of UAV nests
48da to 404d may take the form of a local dispateh system and ong o more depleviment
systems, such gs those described i refersnce fo Figure 3 above. Of course, some or all LIAY
nests 404da to 404d could also take other forms andfor perform different functions,

{06133 Bach fenvprovider copputing sysem 406 10-406d moay be assoclated with a
different omeprovider account.  As soch, 2 given ftenvprovider compoting system 40364 fo
4068 may include one or miore computing devices that are suthorized to access the
corresponding ftern-provider secount with ATAEP 402, Furtber, ATSP 402 roay stove data fiw

ftem-provider sccoants 1 an Rem-provider account database 407

ok
prexa
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{08134} I practice, 8 given epeprovider compuaiing systetyy 4062 o 406d may include
ong of more remote computing devices {e.g., such a5 oge of more remote devices 306
deseribed tn reference o Figure 3}, which have logged in 1o or otherwise been authorized 1o
accend the same Hem-provider avcount {og., cell phones, laptops, andéor computing devices
of 3 business’s emplovess).  Additionally or alternatively, an siem-provider computing
system 406a o 406d may be implemented with Tess of an ad-ho approsch; g, with one or
more dedivated aseranterface terminals jnstalied st the em provider's facilities. Other tvpes
of gen-provider compating Systems are also possible

{08135 in order to provide UAY transport services to vanous ifem providers in an
clficient and exible manngr, a UAY transport seeviee provider 402 oy dynamically assign
different UAVs to tramsport tasks for different #om providers bused on dernand andior other
factors, mather than peranently assigning each VAV 1o a particelar sem provider. As such,
the particular UAY or WAVSs that carry oud transport tasks for a piven thivd-parly item
provider miay vary over time.

{06136} The dynamic assignment oF LIAVY to lights for o number of different itom
providers can help g UAV trangport service provider to e efficienty utilize a group of
UAVs {eg., by reducing unnecessary UAY downtime), as compared 0 an sreangenient
where specific UAVS are permanently assigned to specific Rem priwiders. More specifically,
to dynanically assign UAVS o transport requests Tromvthied-party stem providess, the LAY
transprrt service provider 402 can dynamically redistribute DAV amongst & nupiber of UAY
deplorpment locations {which may bereferved 0 as, g, “hubs™ or "nests™) through a service
arga, according to Ume-varying levels of demand al various locations or sub-areas within the
SeTvies ated

With such an arrangenment, 2 delivery flight may tovolve the additional flight leg fo flv ffom
the VAV hubto the deneproviders focation to pick up the theny or ttems for transpott, before
flving to the delivery location, as compared o an arrangement where delivery HAVs are
stationed st the source focation for items (such s § distributor or retiler warchouse or a
restaurant). While the flight leg between the UAV hub and g pick-up location bas assoctated
Conts, these costs can be offset by more efficient vse of cach AV {(e.g., more fhhts, and lesy
ghnccessary wound mive, i a given pertod of Hime), which i turs can allow for o lesser
number of LIAVS 1o be utiized for s giver nnmber of transport tasks.

YL UAV having Doors that Enable Loading and Release of Payloads

{8137} Disclosed hereln iy 2 VAV that s amanged for door-ensbled loading and
refease of @ payload. In practics, the disclosed UAV may take otrany feasible Torm, such as
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any ong of the forms described herein. For instance, the disclosed HAY may take the form of
a-guadcopter UAY or of g tail-sitter VAV, amony othey possibiities. In g specific example,
LAY 100 could have dovr{s) arranged on the fuselage 106, and may be contigured ®v carry
ot spevations w1 avcordanve with the present discloswre, Morgover, the disclosed UAV may
include any combination of the sbove-desoribed UAYV features, mmong others,

HERRS In accordance with the present disclosure, the: disclosed UAY may have
severs! featwres that provide for door-enabled loading and release of ¢ pavload.  These
featwrey include a control system, @ Awselage, & chambrer, and a fst and @ second door,. And
these foatares may bearmaaged tany foasible manngy that provides for door-enabled loading
and feleast of a payload,

{68139 More specifically, the disclosed UAV way have & control system on-board
andfor may be in communication with an external control system. Inany case, the control
system may inchude one or more processis (.8 processor(s) 208} configured to execute
computer-readable program fnstructions that are stored in data storage and are executable to
provide the functionality of the disclosed VAV, such as to control flight andior other
operations of the UAV,

{081 40] Adiditionally, the disclosed UAY nay melade o fuselags (i, fusclage V04,
which may be the siremft’s youin body section.  Generally, the fuselage may take on any
feasible shape, form, und size, and may be coupled to other UAVY features, sach as to wing(s),
to 3 propulsion unl, andfor to landing gear, among others. Muoveover, the fuselage may
contain, for exumple, the control system, batteries, sensor(s), andior a paviead, among other
possibilities.

{68141} In ay example implementation, a chamber may be formed within the fuselags
of the disclosed UAV and arranged to bouse o payloed. The chamber could be an enclosed
space or cavity within the fuselage, among otber options.  Also, the chamber could take on
any feasible shape, form and size. For instance, the chamber vould be specifically srranged
to houss specific types of payioads, such as tem(s) of a particular size sndfor of & purticular
shape, for instance,

1061421 Further, the disclosed VAV antay have a fivst door arranged on a fivst stde of
the fusclage an wall 8 @ second door srrange on 2 secod side of the fuselape. Generally, the
first and second sides nay be differemt Gom one avothsr or may be the same side
Addiionally, the first and second doors vould vach respectively take on any form. For
exarnple; @ doorcould be o hinged-door that iy cobnected to the fusclage by way of oweor
more hinges, thereby allowing the door o swing open and close. I another example, a door
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could be a shiding door, which could mounted on, suspended from, or othenwise coupled to a
track, thereby allowing the dooy 1o stide open antd close substantially paratlel to 4 surface of
the fuselage.. Inyetother examples, a door could be a revolving door, a pivot door, a hypass
doot, gudior a bitold door, among othess.

{H0143] Cenerally, the opening and closing of the fivst andfor second doors may be
garried out manually by an individual andior may be autonsatic. o the csse of manugl
opening/closing of one or both of the first and second doors, an individual may apply certain
divectional force(s) that cause opeping anddor closing of & given door, And in the cass of
automatic control of the doar(s), the disclosed UAY could control the opening andfor closing
of ome ov both of the frst and second doors, and do 50 i vanious ways. For exanple, 2 Hnear
or rotary achuator conld be conpled (o 8 given one of the doors, and the AV s control system
may send signal{s} to that actuater that caese the actuator to apply fores(s) fo the given door,

which may In turn cause opening sudior closing of the given door. (tther exauples arealso

possible,
{06144 Muoreover, each of the first and second doors may respectively provide access

0 the chamber, so as fo provide for the disclosed door-enabled loading and release of 8
payioad. T particudar, an opentug of the frst door tiay enable oading of & payload o the
charnher via the fivst side of the disclosed UAVs fuselage. And an opening of the second
door may enable release of thepayload from the chamber via the seepud side of the disclosed
UAV s fuselage. Moreover, when the first and second doors are glosed, & pavioad can be
safely seouwved within the fuselage duning flight anddor other operations by the disclosed
VAV, In any case, the loading and refease of the payload could b carried oot iy varioas
WaYS,

[06145] In an exampie arraigement, one of the frst and second dodrs may by a top
door and the other one of the first and second doors may bea botiomy deer. In parhcular, one
of the sides of the fselage may be a bottom side that is substantially ortented towards the
ground dirving Mgkt of the UAY, and anether side of the fusclage may bea top side that is
substantially opposite the bottom side.  Given this, the top door may be arranged on the wop
side of the fuselage and the bottom doormay be arranged on the bottom side of the fuselage.
{08146} in one dnplementation, this top and bottons door arvangement may provide for
top loading of wpayload. i particular, an apening of the top door nuay. enable loading of &
payload into the chamber via the top side of the disclosed UAV'S foselage. Generally, the

top-doading could be vsefid for vanious reasons.

o
i



WO 2019/126275 PCT/US2018/066410

{00147} For example, if the UAV lands on the growsd when at a pickup location for
pickap of & payload, dn opening of the top door may serve as an indication {gg., o @
ndividual) that the payload should be loaded into the chamber via the top door. In anather
example, assuming that the UAV is arranged fo substantially land on the bottow side, the top
foading may allow the UAY o land, rather than iy {e.g., hoven, duting pickup of the
pavioad, shereby redocing the smowt of cnergy being used by the DAV duting pickup,
gmong other advantages.  In yot another example, the top loading of the payviesd may be
cargied out by an wdividual, which may be advantagesus when the payload at fssue 192 high~

valte item that wdealby shauld not be Ioft vonttended.. Other examplos and advantages ate alse

posaible;
{60148] T smother implementation, this top sud botlom door arrangernent roay provide

for bottom release of a paylead. In particelar, an opening of the bottom door may dnable
release of the payload from the chamber via the bottont side of the disclosed UAV s fuselage.
Generally, such bottom release of the payload Could he carvied out v ong of vartous ways,
such as through & drop of the payload from the chamber (e, while the LAV s hovering
substantally proximate to the ground} or throuseh a tethersd delivery of the pavioad, among
others, Nuonetheless, the bottomn release vould be useful for vanous ressons.

{0149} For example, when the UAV is a1 g delivery location and the payload at ssue
is pot a Bigh-value itern that ideally should vot be left enattended, the VAN may release the
pavinad vis the bottom duoy without necessarily having 1o walt fir ar individuad to be present
io carry out the unloading of the payload (e.g. via the top door), thereby reducing the amout
of thne the UAY spends on delivery of the paviead.  In contrast, when the pavioad at issue is
a high-value ttem, then the UAV could wait for &b mdividual to be present at the delivery
location before releasing the item via the bottom door. Other examples and advantages are
also possible.

{H0156] In vet avother implemeniation, this top and botiom door wrangement may
provide for fop relesss of & payload. In purticular, an opening of the top dodr may cnable
release/unloading of the payload from the chamber via the top side of the disclosed UAV's
fuselage. Generally, the top release could be usefid for various reasons.

{66151} For examyrle, 3§ the UAV landy on the ground when at g delivery focation for
delivery of the payload. an opening of the top doer may serve as an indication (g, foan
wndividualy that the payload shoudd be réleased or otherwise unloaded from the chaniber via
the top door. Additionalle, such top release may sltow the HAV o land, rather than iy {eg,
hevery, during delivery of the payvicad, thereby reducing the amownt of energy helng nsed by
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the YAV duwring delivery, smong other advantaged. Fusrther, such op releaseimloading may
becarried out by an individual, which may be advantagsous when the payload af fssueis o
high-value ttom thay ideally should mot be loft ynattended.  Other examples and advantages
are also possible.

{01324 I vet anothey implemeniation, this top and botiom door mrangement may
provide for bottom loading of a payvlosd, o particular, an opening of the bottom door may
enabie loading of a pavload imo the chamber vig the bottom side of the disclosed UAV's
fuselage. Gunerally, the bottom Toading could be useful for various teasons.

{001583] For example, the UAV may hovar whent at a pickup focation for pickup of a
payload, which may allow an individual to load the payload onfo the UAY via the bottom
door. I practice, such a bottom loading spprosch may be sdvantageous &y s sitsation where
thers &5 no feasible location at which the UAV can land, among other possihilities. Other
examples and advantages are also possible,

{08154} In accordance with the present disclosure, these various implomentations of
the top and bottom door srrangement may allow the HAV w carry out pick up anddor delivery
pavioad(s) according fo une of more of varous possible approaches. Tn one case; the
disctosed LAV may catry out top loading and bottom release of @ payioad. 1n ancther case,
the disclosed DAV ay carry opt hottom Joading and top relesse of » pavioad. In yet another
case, the disclosed VAV way carry oot top loading and top release of o payioad. o yet
another casg, the disclosed UAY mav carry out bottom lvading and  bottten release of a
pavicad, Toany case, any one of top loading, bottom loading, top release, and botlom release
of a pavioad could be carried out while the UAV & in-flight (e g, hovering} andfor after the
VAV has landed {eg. on a ground surface), among other possibilitles,  Other cases are
possible as well

{01 55] Moreover, the disclosed LAV may bave various features that could enhance
safety during pickop and delivery of & pavload. In particudar, the disclosed UAYV may bea
lightweight UAV having a weight that is below a threshold wiipht.  For example, the
disclosed UAV may have 8 weight that meets regulstions for UAVs peemitied o iy 'in the
victty of individedl(sy, such as repulations el by fhe Federal Aviation Admiistration
{FAA), forimstence. In anothey example, as Ruther disonysed heredn, the disclosed UAV may
have @ weipht that is suitable for carrving smaller andior lighter items, which would aliow for
use of the disclosed UAY as part of a group that inchades various types of UAVs cach
respectively suitable for carpving tlesss of cottain sizes or weights, Additionally or
shematively, the UAY may have o propulsion uiit inclading propeHier(s) that are unexposed
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and arg thus prevented from making contact with-an individual. For example, the diselosed

UAY may have o shrouded propelier design.  Other examples are possible as well,

{00156 Figures 5A.10 5D next iHustrate a UAV 500 ansoged i secordance with the
present diselosure, such ay i door-enabled leding and release of 2 pavioad. Although, the

VAN S0 is shown as taking the form of a gquadcopter UAV, a DAY amanged in accordance
with the present disclosure could take on any feasible form,

je6187} Figures A 1o 58 illusteaie o top perspective i which a top side of the UAV
300 s shows As shown, the LAV 500 sncludes & propulsion unis 302 having wsexpossd
propeiiers that are surrounded by a castng.  Additionally, the UAV SO0 includes a fuselage
504 10 which the propulsson unit 502 1 conrected.  Further, the UAY 500 nclades o door
506 (.., a shiding door) arranged o the top side of the fuselage 304, And an opening of the
door S06 provides access {0 & chamber 508 formed within the fuselage, thereby providing for
foading of a payicad omoe the chamber 308 via the top sude andfor reloase of & payviead from
the chamber 308 vig the top skde,

{08158} Figores 8C 1o 3D then ithotrate o bottom perspective inwhich 8 bottony side
of the VAV 300 is shown As shown, the UAV S0 ncludes another door $10 (e, suother
stiding ‘door) drranged o the bottom side of the faselage 304 And an opeping of the dow
510 also provides access to-the chamber 308 that is formed within the fuselage, theveby
providing for loading of a payload onto the chamber 308 via the bottom side andfor release of
3 payload frony the chamber 308 via the botiom side. Other HHlustratings are possible as well.
Vil. Door-Enabled Fickep and Delivery of Pavieads by a UAY

{08159 Figure 6 13 a flowchart ilastrating o method 600, which relates touse of the
disclosed UAYV fiw door-enabled pickup and delivery of a payioad,

{oa164] Muathod 600 shown i Figare 6 {and nther processes and methods disclosed
hereind presents a wethod that can be mplemented within an soangement involving, for
sxample, agy of the systems shown 1 Figures 1A 1o §1¥ (or more particularly by ong or more
gomponents or subsysienss thersof, such as bya processor and 3 non~iransitory compuier-
readable medium having mstructions that are exenutable. o cause the device W perform
functions deseribed herein), among other possible svatens.

{08161 Mathod 600 and other processes and methods disclosed harem may - include
one oF mnre Dpctations, functions, or actions, 15 iHustrated by one or more of blocks 602-608
for-mstance.  Although blocks are Wostrated in sequentiad order, these blocks may also be

performed o paraltel, andior in o different order than those desoribed herein. Alse| the
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vartows blocks may be combined into fewsy blocks, divided o additional blocks, andfor
removed based upon the desired uplementation.

{00162} in addition, for the method 680 gnd other processes and methods disclosed
herein, the Howchart shows functianahily and operation of ong possible iinplameniation of the
presend disclosure, Inthis regard, cach block may represent a moduls, a sepmend; or g postion
of progrant code, which includes oneor more instructions executable by s processor for
implementing specifie Jogicsl fonctions or steps v the process,  The program code may be
stoved on any type of computer seadable medium, fiw example, such a8 8 storage device
incduding o disk or hard drive. The computer readable medion may include non-teansitory
compater readable medions, for example, such a5 computer-readable muodhia that stores daty
for short pertods of time Hke register memory, processor esche snd Raodom Access Memory
{RAM).  The computer readable wedium may also imchsde non-transitory media, sach as
secondagy o persistent kg term storage, lke read only memory (ROM), optical or magnetic
disks, compact-dise read ondy memory ({CD-ROMY, for example.  The computsr seadable
media may also be any other volatile or non-volatile storage systems, The cofmputer readable
medinm may be considered a computer readable stovage medihum, for example, or 8 tangible
storage device: In addition, tor the method 600 and other processes and methods disclosed
heretn, each block in Figure 6 may represent circuinty that is wived to perform the spegific
logical functions i the process.

{06163 At Block 602, method 800 may evolve determbung, by & control system, that
g LAV i3 at a pickup location for pickup of a pavioad. In line with the discussion shove, this
VAV may chade a fuselage having a Tirst side, @ seeond side, and-a chamber qranged to
house the payload. A-first door imay be arvanged on the first side of the fusslage, such that an
opening of the first door eiables loading of the paviead into the chamber. And a svcond dogy
may be srranged on the second side of the fuselage, such that an opening of the second door
snables release of the pavioad from the chasber. Muoreover, the control systerty af 1ssug shay
he onsboard the UAV andfor may be an external control system that transimity nstructions o
the LAY, among other options.

{06164} In- gy case, the control system may determine iy varions ways that the UAV
tvab a prckuy kocation. For example, an aerial ransport service provider may dynamically
assign the LAVs 1o a tpusport task Tor transport of o particutar e, and the transport task
may have anassovtdted a pickup location. The pickup locstion could be address or could be
specified B other ways, sach using @ name of o business: Ty oy oxample, the UAV may
gavigate to the pickup lecation, and the control system could determine that the UAV is at the
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pickup location based on date Tom one or more semsors. For instadey, the UAY may include
a GPS receiver that provides GPS coordinates of the UAV, and the control system could
determine that current GPS coordinates of the UAV correspond 1o an address that has been
specified as the pickup lovation. Other examples are also possibie.

{H0165] At block 604, method 600 may involve; in responss o determining that the
VAV s at the pickup location for pickup of the payload, causing, by the control system, the
opening of the first door 10 enable loading of the paviosd into the chamber,

{08166} e the control system determmines that the UAY s the pickuy location, the
contral sysiem oy cause the opening of the first door, which may enable loading of a
payload fnto the chamber, Tn practice, causing opening of the first door may invobve an
auntomatic opening of the fivst door, such that the fest door physically woves 1o provide
sccess 1o the chamber,  Additionally or aliernatively, assuming that the UAY inclodes a
mechanism for locking and unlocking of the tist door, causing opening of the first door may
fitvolve ulodking the frst dovr, so as tnattow for a manual o antomatic npening of the fst
door.

{68167} i g more specific implementation, the control systermn may cause the opening
of the first'doot In response tyvarions trigeer(s) assoctated with the VAV belug at the pickup
focation. For example, the control systemn may cause the opening of the fivst door fo vesponse
to determining that the UAV has landed at the pickup Iocation.  In another example, the
contred system may cause the opening of the first door in résponse o deternuning that the
VAV is hovering at a specific spatial position in the pickup location. Other examples are glso
possible.

{06168} in some tplementations, the control system could also cause the closing of
the first dodr. Geperally, causing closing of the first door may ihvolve an automatie closing
of the first doovr, such that the first door physically moves 10 prevent sccess o the chamber.
Additionally, causing closing of the first dovr may optionally ipvolve ocking the first dowr,
$o ax to prevent a manual or sutomatic opening of the first door afier 3 manual or automatic
closing of the first doar,

106169} In any case, the control system may cause the closing of the first door in
feaponse 1o one or e fripper(a} assovinted with the pickuy location. In one example, the
control syskeimn may cause the closing of the first door 1n response (o detecting that & paylosd
has been Joaded into the chamber. . I practice, the control systorn ray detect i vanons ways
that & paylosd has been loaded bute the chamber.  For instance, the chamber could be

squippred with a tonch sensorthat providex touch data tndicative of whether ornot @ paylead
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&y the chamber. Tn another example, the control System miy cause the closmg of the Bist
door 1 response to determuning that the UAV has transitoved or i about to ransiticn back to
flight in the pickup location, In yot another example, the control systent nay cause the
closing of the first dotr in response {o determining that the UAY i no Jonger at the pickup
focation. Oither axamples arealse passible,

e Rl At block 606, methed 600 way invelve deteemining, by the control systeny
that the UAV iy at o detivery loention for defivery of the paylead.

{06171} Generally, the control systom oy determine n vavions ways that the DAY iy
at a defivery location. In line with the example above, an aerial transport servige provider
gy dynamically assign the UAVS 1o a transport fask for transport of 3 particular Hem, and
the transport task may be associated with a delivery location. As with the pickup lovation,
the delivery focation could béan address or could be specified i other ways, such wsing a
name of § busingss. I this example, the VAV may navigate to the defivery lecation alier
pickup of the pavioad at the pickip location, aud the conirol svstem Could detérmine that the
VAV iy at the delivery location based on data from one o 'more sensors. For instance, here
puain, the control syatery could determine that current GRS coordingtes of the UAY
correspond £ dn address thay has been specified as the deliviny location: Diher examples arg
also possihie.

{8172 At block 608, method 600 may juvolve, in response to determining that the
UAVY is at adelivery location for delivery of the payload, causing. by the control systein, the
opening of the sccond door to onable release of the payload from the chamber.

{00173} (hace the control system determines that the UIAV s at the delivery location,
the comtrol system migy catse the opening of the second door, which say cnable release of
the payload from the chamber. In practics, causing opening o the second door may involve
an automatic opening of the second door, such that the second door physically moves to
provide g pathway for the payload o be release of otherwise unloaded fowy the chamber
Additionally or alternatively, sssuming that the UAV includes g mechanism for locking and
untocking of the second door, causing opening of the second door may invelve unlocking the
second door, so/as to allow for 2 manval or sutornatic opentng of the second doot.

{08174} i g more apeoific inplementation, the control systent mydy causs the opening
of the second door I response to various trigeer(s) associated with the UAY being at the
delivery Tovation. For example, the control systom may cause the opening of the second door
i response fo determining that the UAYV has landed at the delivery Tocation. In another

sxample; the control system may cause the opening of the second door i response 0
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determining that the VAV Is hovering al a specific spatial position in the dehivery location
{Other examples are alee possible.

{08175 i some iplémentations, the control system could also ciuse the closing of
the secomd door. Geperally, cawsing closing of the second dobr may iInvolve an automatic
closing of the second door, such that the second door physically moves to provent: access 0
the chamber,  Additionally, causing closing of the second door may involve locking the
second door, so as 1o prevent o nanaal or avtomatic opening of the second door afler a
menual or automatic closing of the second doos.

{00176} in any vase, the conirol system may cause the closing of the second door in
FOSpOnse 1o one or more tigeer(s) associated with the delivery Tocation. In one exanple, the
control system may casse e closing of the second door fn response o delecting that ¢
payioad has besn released from the chamber. I practice, the control system miay detect in
various ways that a puvioad has been released from the chanber, For instance, in Hhe with
ihie example above, the chamber could be equipped with a touch sensor that provides touch
data ndicative of whether or not o paviosd 15 in the chamber. In another example, the control
system may canse the closing of the second door i response 1o determining that the UAV hay
ransitioned or 1% aboud W transition back to fight w the delivery location.  Inyet anuther
example, the control system may cause the closing of the second door in response 1o
determining that the UAV is no longer at the delivary location.  Other examples are alsn
pussible.

{08177} Figures 7A o 7B next lustrate an exsmple approach for doov-enabled pickugp
aned delivery of a paviocad.

{06178 Figure TA shows a scenario i which the UAV 300 has landed in a pickup
lovation TOGA. In response to detecting that the AV 3064 has fanded in the pickup location
TOOA, a control system of the UAY S00 may canse the LAV 500 1o open the top door 306, 8o
35 1o provide agcess o the chamber 308 within the fuselage 504, Given this, ay shown in
Figure 7A, the opening of the top dodr 305 has enabled loading of & package 704 into the
chamber 568 (o, by wdividual 702 at the pickep location 700A) In some examples, the
openiig of the top door 506 alsemay enable retrieval of package 704 (o g by individual 702
or another iidividual at a differsnt pickup Tocation), as deseribed hesan,

{ou179] Figure 78 then shows @ scenurio i winch the LAY 500 is hovering in g
delivery lovation 7008, In response 0 detooting that the LAV 500 5 bovering i a delivery
focation 7008, a control systentof the UAY S0 may cause the VIAY 300 1o open the bottom
deor 310, so as o provide a patlvway for release of the package 704 frop the chamber SBE.
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Given this, a8 shown it Figure 7B, the opening of the bottom door 310 cames the. package
704 to dwop from the chamber o the grovnd while the UAY s hovetiag substantially
proximate to-the ground.

{06186 Figures §A 1o 8B naxt llustrate snother exanypde approach for doof-enabled
pickup and delivery of a payload.

USRI Figure 88 shows g scenario in which the VAV 500 has awrived i pickup
tocstion SOGAL To respoase to detecting that the UAV 500 has aveived in the pickup location
S0GA, a contred systern of the LAV 500 may cause the UAY 500 o open the bottom deor
310, sooas tooprovide access 1o the chamber 508 within the flselage 504, Given this, as
shown in Figure 84, UAV 300 may land on top of an object 802 while the bottony door 510
open, so that the object 802 onihe ground ends op being focated withan the space provided by
the chamber 508.. Then, the cotitrel system of' the UAV 300 may causethe AV 50040 close
the hottom door 510, such that the bottom doar 510 “slides™ under the oliject 802, thersby
causing the object 802 to be disposed within the chamber 308 afler cloging of the hottom door
S0, Inthis way, the UAV 300 could sy out door-enabled pick up of the object 302
without axsiatance of an mwdividual

{00182 Figure &8 they shows o sconarfo tn which the UAY 500 hay landed n'g
delivery location BOUR. In response to detecting that the LAV 500 bas landed in the delivery
focation S008, a control system of the UAV 500 may cause the UAV SO0 to open the top
door 306, o as 1o provide a pathway fir release of the package 302 from the chamber S08.
Givenr this, the opening of the top door 306 may allow an individual {not shown) to
physically anload the package from the TUAV 500, Other tHustrations arg possible as well,
VHL  Ulse of Disclosed UAV based on the AV Meoting Uriteria for a Transpert Task
{0013 Figure 2 is next a flowchart Hlustrating a method 908, which refates fo use of
the disclosed UAV (e, that s arranged for door-enpbled loading and release of a pavioad)
when the UAY mests oriteria for a transport tagk,

{06184} At block 902, method 900 mav mvolve receiving, by a control svstemy, a
request for g transport sk to be performed by at legst one LAY from s group of UAVs
{06185] As an indtkal mwter, the group of AV may be any group that includes &t
Ieast soume UANs capable of carrving ‘oul tansport tasks that nvalve transport of paylead(s}
Inomie case, the proup of UAVs may belong to.an sntity that provides #tems to be transpiried
by one ormore UAVs of the group andior that interfaces with the recipiests who request
delivery of these Hemw. In another case, the growp of UA Vs may belong to anseridd travsport
service provider, which may be a separate entity from the sntity that provides the items betng
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trantsported andfos that interfaces with the yecipients whe request delivery of these toms.
Other vases are also possible.

{08186 fnpme case, the group af issuge may inchude at least a fivst VAV of a fisst type
and a second UAV of a second type.

{0187} In accordance with the present disclosure, the first type of UAV may be the
disclosed UAV that provides for door-enabled pickop and delivery of payvinads. Namely, the
fiest type of UAV may inchude (1) 8 fuselage having a first side and a second side and (i) a
chamber formed withia the fuselage and avanged to house g payvioad. A finst door sy be
arrangsd on the first side of the fuselage, such that an opening of the first dogr enables
toading of the payvload into the chamber. And a second door may be arranged on the sécond
side of the fuselage, such that su opening of the second door enables release of the paylosd
from the chamber.

{06188} One the other hand, the second fype of UAY may by any tvpe that is different
it sorme way from the first type of LAV, In one example, the second type of HAV could ke
on o different form compared to the first type. For instance, the first tvpe of UAV may bea
quadcopter VAV {eg. TAY 500) and the sccond type of UAV may be a fined-wing UAV
foip fxediwing UAY HO0a). In another exaniple, wocontrast 1o the arrsngemant of the fiest
type of LAV the second type of VAV could be arvanged to carry out tethered pickup and
dehvery of paviouds in ling with the disowssion above, and do so without age of doors that
coable lnading and relesse of pavinads. hvvet avothsr example, the second typeof LAY nay
he tavger fnosize compared with a size of the fust typeof UAV. Other examples are also
possible.

{68189} Given thig, each type of AV may be respectively suitable to cary out certain
types of transport tasks,

{1961 I one example, given that the frst type of UAV may be a lightweight LAY
that could safely operste in the vicinity of individuals, the finst tvpe of UAV mav be
desipnated as 8 GAV that is suitable to transport one or more items having a collentive weight
up tooa first weight {e.g., 10 1bs). Wheress, the second type of LAY may be designated as @
VAV fhat iy suitable to tranaport one ot wore items having 4 collective weight 0p 1o o second
welght {e.g., 58 Ihe) that i3 greater than the first waight, Of course, the second type of UAY
could transport itemis) having g collective weight that i lesser than the second weight, but, in
this exsvaple, den(s) baving a collective weight that is lessor than the second weight would

deally be transported by the first type of UAV, As such, the second type of TIAV could be
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ased 1o faciliate tramsport of heavier Henw and the first type of WAV could be wed to
facilitate transport of hahter tems.

{08191} in anothsr exsnople, given the size of the chamber within the fuselage, the first
type of UAY may be dedignated as 2 UAV that 15 suitable o transport ong or more dams
havinga collective size up to o first size (e, lesser than the size of the chamber), Wheress,
given that the second type of UAV may be srranged o carry out tethered pickup and delivery
of pavioads, the second type of UAV nwy be designated us a UAYV that is subtable transport
ofe of more doms heving a collective sizs ap 10 & second size greater than the fivst siee. OF
course, the sevond type of UAY could transport item{s) having a collective size that is lesser
than the second stee, but, in this example, Hens) having a collective size that is lesser than
the second size would ideally be transported by the st type of UAV. As such, the seeond
type of UAY could be used to facilitate transport of larger tesmns and the ficst type of LAY
could be used o facilitate transport of smalier items.

{06192} In yet anpther example, given that the Srst tipe of UAV may bclude an
enclosed chamber within the fuselage tat is wranged o temporarily and securely house a
pavioad, the ficst typeof UAVY may be designated ay 3 UAV that s suitable % transport high-
vatue Hetn{s), such gs expensive gends), Fagide tends), or any tenys) that have been
sone way designated asbeing of & high-valoe. Wheress, sssuntng that the second type of
UIAY does vot nclude 2 sccure chamber, thesecond fyperol UAV may be designated a3 a
UAVY that is suitable transport any Htem(s} other than thoss that have been designaiad as high-
value Homis) . Other examples are also possible.

{00193} Given a growupof UAVS as described sbove, 2 coutrol system may regeive a
feguest for o transporl task o beperformed by at least one UAY frony the group. In practive
this control systom may nelude control systemis) that are respectively on-board one or more
of the UAVs m the gronp, Additionally or glternatively, the control system may be an
sxternal controd system thet facilitates opsrations of one or more VAV from the group {e.g.,
greund control nfrastructure of an agrial transport service provider),

{08194} Nonetheless, when the control system receives g reguest for o transpont task,
the reguest may ichude vartows types of nforiation. For example, the toquest may specify a
pickup location for pickup of an ftem andior 8 debivery focation for delivery of an Hemy. In
another example, the request may specify information about the item(s) to be transported.
For instance, the request may specty 4 stre of the iten(s) anddor a weight of the emiz). And
i some cases, the reguest coald inclade o destgnation of whether or not 8 glven itew is a

high-valueitem, Other examples ave also possible.
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{00198] Af block 904, method B00 may wvolve, based on the first AV being of the
first tvpe, defermining, by the control system, that the fist UAV ments & criteria for the
transport task,

{8196} Once the contiol svstem receives a request for g transport task, the contiol
systom may - then determine which type of UAV from the group mesty crifenia for the
wransport task.  In practice, this would result in the transport task being assigned 1o 8 UAY
that i3 most suitsble 1o carry out that feansport task.

{06197} As an itial matter, the control systern could determine eriteria for 3 transport
sk i various ways, such as based on mformation specificd in the recebved request, for
instance,  For example, the coutrol system could determine a particular size of an Hem to be
transporied, a particalar weight of the item 1o be transpovted, andfor whether the ffem to be
travsported B designated as 3 ighovalue ftem,  As such, the contrel system could determine
hased on the réguest that the ceiteria for the transport task tiay include: {13 ability to fansport
an ftem having the patticular weight, (i) ability 10 tramspont an tem having the particolar
stre, andfor (i) ability to safely- transport & high-valoe fteny, among others. Other examples
gre also possible

{00198 Further, the codirol systen couhd determing th variony whether or nota-given
typeof VAV meets oritenia for a transport task. For example, the control system could have
stored thereon or othenwise have access to mapping data that maps each fype of LAY
respectively to specifle oriteria met by thet tvpe of UAV. Given this, the control systam
could use the mapping data as basis for determining which type of UAV meets deternaned
criteria for a transporttask. Other examples are also possible:

{06199 In a more specific cxamwple, the contrel svstem may defermine that 2
requested ftem to be trapsported ol 2 particular wiight, and miay then deterniine which type
of AV best meets a weight eriterion for the transport task. To this example, the control
systent may determine, based on the first UAV being of the first type, that the fust UAV 15
srranged to fransport item(x) having a colloctive weight up 1o a first weight, Additiemally, the
control systom may determine that the particular weight of the requested item is lesser thas
the firs weight. Thus, based on the first UAV being of the fivst type, the contyol system may
determine that the first DAY i arranged (o transport the requested Hom that is of a particolar
wetght lesser than the fiest weight.

{10200} I ancther specilic “exwople, the control system may determing that @
reguested item 10 be transported s of 3 particudar stre, and may then determdne which type of
VAV best pieets a size oriterion for the transport task. In this example, the coptral system
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may detérining, bused on the st UAY beingrof the first tvpe. that the fisst UAV 15 amanged
0 fransport dtem{s) having g collective sizgupto.a finst size, Additionally, the controd systems
may detormine that the padticular stze of the requested itern s lesser than the first size, Thus,
based on the first UAV belng of thefirst type, the contred systont tray determine that the fisst

VAV is arvanged to transport the requested item that is of a particular size lesser than the first

SEZS,
{0261} In yet another speaific example, the control system nuy determine that a

reguested feny to be transported 15 designated ay a bighovalue dem, and may then detenming
which type of LAV best meets an ffem-value criterion for the fransport task.  In this
cratnple, the control system niay deternmine, based on the first UAV being of the fivst type,
that the first VAV 15 aronged 1o transport lughe-value itemis). Thus, buased on the first LAV
being of the fivst type, the contred system may determine that the first UAV i arranged o

transport the requested item that is designated as a high-value item. Other examples are also

possible.
{06242 Furthermore, when defermining whether a giver tpe of LAV mests oriteria

for a tansport task, the contrel svsteny could assess these critesia in vartows wavs. In
particitdae, the control svsterm could seleet a given type of UAV for the transpost task i thag
type of VAV meets esch oriterion for the transport task.  For esample, the control system
could seleot the first type of UAV f the st type of UAV meets the weight criterion, size
criterion, and depwvalue crierien for the transport task.  Alterpatively, the control system
could select a given type.of UAV for the transport task if that fype of UAY meets at Teast
someof the criterion for the transport task.  For example, the contral svatem could select the
first type of UAV I the first type of UAY meets at Jeast the weight oriterion and sz
eriterion. Other examples are also possible.

{38203 At block 906, method 200 may involve, in responss to determining that the
first UAV meets the criteria for the wansport task, causing, by the controd system, the finst
VAV fo perform the tpansport task comresponding 10 the received reduest.

HULRARY Once the control system determines that the first tvpe of UAV meets the
Griteria for the trangport task, the cotitrol systemy miy rosponstvely cause a first LAY of the
fivst type to perfoom the transport task. T partivelae, the control systeny may cause the st
UAV of the first type W pick up the requested tem at the pickup location and to deliver the
reguested item at the delivery Tocation. By way of example, referring again to Figures TA o
TR, the control system may determine that UAY 300 of the first type meets a weight
criterion, size criterion, and Hem-value criterion for & transpot task associated with package
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704, As avesult, the control systemy may responstvely cause the LAY 300 w0 pick up the
package 704 af the pickup location TOOA and o deliver the package 704 &f the delivery
tocation 7008, Other examples are also possible,

X, Use of Same Door of @ LAY for Both Loading and Release of a Payload

{36205] Pigure 18 iz pext 8 fJowchart ilustrating a method 1000, which relates to use
of the same doorof a LAY for both loading and relense of a payivad, such as during pickuap
aud delivery of the payload, respectively, The UAV atissue could be sranged o include just
a single door that coudd be used fr fosding and volease of 8 paviead. Altermatively, UAV &t
issue could be armnged 1o nchde multiple doors and, in some situations, a single one of
those doors cowld be used for both Toading and release of apayiond.

{602006] At block 1002, method 1000 may nvolve determining, by a control system,
that an unmanted aerial vehicle (UAV) Is 8t apickuy location for pickep of » pavioad, where
the UAY cludes a fusclage having o door and & chymber arranged fo house the paviosd.
{08207} At block 1004, method 1000 mgy nvolve, in response tiy determining that the
VAV is at the pickay focation for pickop of the pavioad, causing, by the control system, an
openiag of theedoor to enable loading of the pavioad into the chamber.

{08208 At block 1006, method 1006 mav invabve determining, by the comtrol system,
that the UAV is ata debivery Tocation for delivery of the pavlosd.

{18209} At hlock 08, method 1000 may invelve, by response to determimng that the
UAY is.at a delivery location for delivery of the payioad, causing. by the control systeny, an
opening of the door to enable release of the pavioad from the chamber,

X, Additionsd Features

{06218 A Flip Manewvsr
[00211] In a further aspect, the disclosed UAV nay be configared to carry out a “flip”

maneuver.  In parpicular, assoming that the HAV has a bottom door i line with the
disaussion above, the flip manewver way invobve the UAV fuming upside down and landing
with #y top side substantially oriented towards the ground snd iy totiom side substantially
oriented away from the ground, thereby causing the bottom door o be oriented substantially
away from the ground. Ty practice, the fip ntaneuver coudd provide vet another dpproach for
door-epabded debivery and pickup of pavicads by a UAV,

{00212} For mstance, the flip maneuver may allow for ase of the same door for both
toading and relesse of a payload. Tn partoular, if the UAV camies out the 8ip manguver
when the UAV {8 at a pickap location, this may enable loading of a paviead into the chamber
via the bottomy door.  So upon opseping of the bottom deor after the ip mancuver is camied
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out al the pickup location, 4 payioad can be leaded indo the chamber via the boltory dobt
{e.g., by an mdividual). Then, once the LAY arrives ata delivery focation, an opening of that
same bottom door may énable release of the payload from the Chamber,

{00213} senerally, in sueh an implomientation, the disclosed UAV may or may ot
have another door, suchas a top door, in addition o the bottos door. In one case, the LAY
may still bave the above-mentioned top door; so g8 (o provide more flexibility with regards o
possible approaches for door-enabled pickap and delivery of payloads as discussed shove, In
another case, hunvaver, the UAV may pot haye the top door i these nplementations, and
may rely solely on the bottoen door (o enable pickup-and delivery of pavioads. Thus, in this
cuse, the abilily o pecfonn the Hp maneaver conld allow for a YAV design that inchudes just

one door i so desired based on a UAV design oriteria,  Other bnplementations e also

possible.
{06214} B, Authentication System
{06215} In yet g farther aspect, the disclosed UAY could be farther gquipped with an

suthentication system, which could be any type of muhentication system. For example, the
suthentication systent epuld be g blometric authentication system configured o authenticats
user(s) based vn physiologicsl thoracteristics, such us fingerprint or face recognision,
instance.  In gwothet exsmople, the cauthentication system could be g oredentialbased
authentication system configored {o authenticate user(s) based on credentials, such as » aser

name password code, for instance. Other examples are alse possibie.

{08216} Acgording 1o the present disclosere, the authentication system may be
configred to anthenticats ayer(s} for purposes of ensuring avthorived payvioad pickep andfor

delivery. Genegally, such authentication may be carried out for any type of payload or may
only becarried ont for payloads that are designated s high-value ems (22 medicine}

{217 I any case, given the authenbication system, the UAY may open a door only
in response o authenticating & user ay an suthorized user, For sxample, the UAY may open
the top door during pickup of médicine for a patient, ‘and may do so only i response ©
suthenticating a user that has been designated as suthorized o place medicine into the
chamber. In anotber example, the UAY may open ihe boftow door for relesse of the
medicing during delivery, and may do so only i rosponse o quthenticating a user that has

been designated as having a préscription for the medicine. Other examples are also possible

XL Conclusion
{B0218] While various aspects and embodiments have been disclosed berein, other

sspects and smbodiments will be apparent o those skilled By the art. The varfous aspects and
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embodiments disclosed herein are for purposes of illustration and srg wot idendsd o he

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

What is claimed is:

i. An ynmanned gerial vebicle (UAV) comprising:

g eontrod system configured to controf flight of the UAV]

a fuselage having o fest side, o second side, and a chamber srranged to house a
payvioad;

a first door arranged on the first side of the fuselage, wherein an opening of the fust
door chables loading of the pavivad nto the chamber; and

a second door arranged on the second stde of the fuselage, wherein anopening of the

second door enables release of the pavioad from the chamber,

2 The UAV of claim 1, wherein the second side 15 1 hottomy side that is
substantially oriented wwards the ground during Sight of the VAV, and wherely the finst «ide
e top side that 1s substantially opposite the bottony side.

3. The VAV of clatm 1, wherein the frst side ¥ 8 bottom side that i
substantially oriented towards the ground during Hight of the UAY, and wherein the second

side ix 3 top side that Iy substantially opposite the bottom side

4. The UAV of clasn |, whorein the control svatens is farther contigred to;

determing that the UAV s at s pickup focation for pickup of the payvioad; and

in response to determining that the UAY is at a pickup location for pickup of the
pavicad, cause the opening of the first door to enable loading of the pavioad into the

chamber.

5, The UAY of claim 1, wherein the control system i fyrther vonfigured to:

determine that the UAV s at o delivery Tocation for delivery of the payload; and

i tesponse (o deternuning that the UAV 38 o s delivery lovation Tor delivery o the
payiond, cause the opening of the second door o enable release of the payload from the

charaher.

6, The VAV of claim 1, further comprising:
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a propulsion unit including one or more unexposed propellers.
7. The UAY of clatm 1, whergin the UAV 15 o Hghtweight UAV having 8 weight

that s below a thrashold weight.

8, The AV of claim 1, further comprising an authentication system, wherein the
control svsten i farther configured o

while the VAV 15 at a pickup location: fin pickup of the pavioad, secetve, Fom the
authentication system, suthentication data indicating that a user is an autharized user; and

in tesponse fo receiving authentication data indicating that a user 1§ an authorized

user, cause the opening of the fivst door to enable loading of the payload tnto the chamber:

8, The UAV of claim 1, further comprising an autherdication system, wherein
the control system s Rather configared 1o

while the TIAY 6 at a delivery location for delivery of the payload, recetve, from the
suthestication system, authentication data indicating that a ussr is an suthovized user; and

i response to receiving authertivation duta indicating that & user ¥ an authorized

user, cause the opening of the second dooy to enablerelease of the pavload from the chamber,

10 Anethod comprising

determining, by a countrol system, that an unmanned asvial vehicle (UAVY 35 at a
pickup Iocation for plekep of a pavload, wherein the UAV comprives & fuselage having a first
side, a second side, and a chamber arranged o house the payvioad, wherein a first door is
arrapged onthe first side of the fuselape, wheveln an opening of the fivst doo enables loading
of the payload e the chamber, ‘wherein a second door i arranged on the second side of the
fuseluge, and wherein an opening of the second door snables release of the payioad from the
chamber;

i response to determining that the UAV 38 at the pickup location for pickup of the
payioad, causing, by the control system, the opening of the first deot 1o snable Toading of the
pavioad into the chamber;

determuning, by the control system, that the LAV s at o dehivery location for delivery

of the pavioad; and



WO 2019/126275 PCT/US2018/066410

i response o delernuning that the UAV &8 at a delivery lotation fof delivery of the
pavioad, causing, by the control system, the opening of the second door to enable refease of

the payload front the chamber.

ik The method of clatm 16, whersin the second side 182 bottom side that s
substantially ortented towards the ground during Hight of the UAY, and wherein the first side

is 3 top side that is substantially opposite the bottom side,

12 The method of clatm 10, wherein the §irst side s a bottom side that i
substantially oriented towards the ground during Tight of the UAV, and wherein the sécond

side is o top side that is substantinlly opposite the bottom side,

13, The method of clatin 10, wherein the UAY futher comprisey an authentication
system, the method further conyrising:

while the UAV i at the pickup location Tor pickup of the payioad, receiving, by the
control system from the suthentication system, authentication daty indicating that a user iy an
authorized aser,

whetein causing the opening of the first door to enable loading ofibe pavload into the
chamber i3 furthier i response to receiving authentication data indicating that a useris an

suthovized user.

14 The method of clabm 10, wherein the UAY fwther comprises an
authentivation system, the method further comprising:

while the UAV is at the delivery location for delivery of the pavicad, receiving, by the

control system from the authentication system, anthentication data indicating that 3 user is an
authorized user,

whereln causing the opening of the stcond dogr fo enable release of the paviosd from
the chamber is further in response to receiving suthentication data indicating that 1 user 15 an

authorized user,

150 A method compnising:
réceiving, by a control systemn, @ request for g tramsport task o be pecformed by at
feast oo wnmanned acrial vebicle {UAY) fhom g group of UAVs, wherein the group of
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VAV inchudes ot least a first VAV of 8 frst tvpe and a second UAY of a second type,
whereitt the first type of UAVY comprises a fuselage having a first side, a second side, and'a
chamber @ranged £0 house & payload, wherein s first doer s arranged on the first Side vt the
fusclage, wheraln an opening of the first door ensbley loading of the payiead jute the
chamber, wherein a-sevond door is arranged on the second side of the foselage, and whersin
gn opening of the second door enables releaseof the paylead frony the chambes;

based on the fiest UAV belng of the first type, determining, by the control system, that
the first UAY peetsaeritesia for the wansport task; and

i response to determining that the fir VAV meets the ariteria fiwr the transport task,
causing, by the control systeny, the first UAV to perform the transport task corresponding {o

the received reqoest.

16, The method of glaim 15, whersin the transport task is gssocisted with a
requesied Hem, wherein the Hest type of TAV s arranped 10 transport one or more jtewms
having g collective weight up to o first weight, whetemn the second type of BAV is arranged
0y ransport ong or more items having a collective weight up to a second weight, wherein the
second welght 15 preater than the frst weighl, and whereln deforminiug, based on the fist
UAY being of the first type, that the st UAV meets the eriteria for the transport task
CORIPTISes:

hased on the first UAY being of the first tvpe, detormining that the first UAV is

grranged to franspont the roguested ftem that is of a weight lesser than the Hstweight

17. The methad of clainy 15, wherem the tranyport task iy associated with 2
requested item, wherein the first type of UAV is arranged fo transport one or more items
having a collective size up to a first size, wherein the second type of VAV 8 mvanged to
transpeat oue o more Hewns having g collective stze wps &y a seeond seize, whersin the second
size v greater than the first size, and whereln determining, based on the first VAV being of
the first type, that the first UAY meets the critoria for the transport task comprises

based om the first UAV being of the first type, determining that the first UAV &

arrapged to tansport the reguesied iten that s of dsize losser than the fint sk

18, The method of clalin 1§, whorem the second type of VAV is arraaged o
perform tethered delivery of payloads without use of doors to esable loading aud release of

payloads,

.78
b4,
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19, A method comprising:

deterauning, by a control syatemn, that an untmanned aerial vehicle (UAV) s st a
pickup focation for pickup of a payioad, whersin the VAV comprises'a fuselage having a
door and a chamber arrsnged to house the pavioad;

o vesponse to determining that the AV ix at the pickup location for pickup of the
pavioad, causing: by the control systern, an-opening of the deor o enable loading of the
pavioad inte the chamber;

deterndning, by the control system, that the AV s at a delivery location for delivery
of the paviead: and

i response (o determining that the LAY 10t o delivery focation for delivery of the
pavioad, causing, by the confrel svsteny, an opening of the dow 1o enable release of the

payinad front the chamber,

20, The method of clam 19, wherein the fisclaze kas a-bottom side that &
substaritially ‘oriented towards the groumd during flight of the UAV, and whersinthe door s

arrapged on 8 top side that iy substantially opposite the bottom side.

21, The method of clainy 19, whersin the fuselage bhas a bottom side that is
substantially oriented towards the ground during flight of the UAY, and wherein the door is

arvangsd on the bottomy side.

22, The method of claim 1%, wherein the fuselage bas (1) 2 hottown side that is
substantially oriented towards the ground during flight of the AV and (1) 9 top side that 18
subatantially opposite the bottom side, and wherein the door iy-aranged on the bottony side,
the method further comprising:

while the HAV is at the pickup location for pickup of the payload, causing, by the
Contral system, the UAV o carry out a Dlip madeuver, wherein the fHip mangwver comprising
the UAY landing substantially on the top side,

wherein causing the opening of the door 1o enable loading of the paylead to the
chareber comprises causing the operung of the door to enable loading of the payload into the

chamber after completion of the fip maneaver.
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