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CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to and benefit of

Provisional Patent Application No. 61/327,089 filed April 22,

2010 and is hereby incorporated by reference for all purposes.

TECHNICAL FIELD

The technical field relates to aerial vehicles, and more

particularly to powered aerial vehicles that have vertical take-

off and landing capabilities.

BACKGROUND ART

Unmanned aerial vehicles (UAVs) may be used to provide

remote observation of a location of interest, such as monitoring

forest fires, penetrating and analyzing volcanic plumes,

monitoring of pipeline and other utility assets, finding those

who are lost and in distress or monitoring other remote

observation locations not immediately available to observers on

the ground.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention are illustrated by way of

example and not limitation in the figures of the accompanying

drawings, and in which:

FIG. 1A depicts one embodiment of a flight-path of a UAV
system for traveling from an operating base to an observation

area, and includes a block diagram that illustrates preferred

components of the UAV system;
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Enbodlnents of the invention are illustrated by way of exanple and not
Ilnltatgégksf{lgge d Q%&%%Ontahh%l%gﬁggpanylng drawi ngs, and in which:

FIG. 1C depicts one embodiment of a UAV system having a
power distributor to control power distribution from a battery
to propulsion motors, observation sensor and transmitter;

FIGS. 2A and 2B depict the UAV system of FIGS 1A-1C having,
in one embodiment, an adhesive anchor operable to secure the UAV
system to a landing surface;

FIG. 2C depicts the UAV system and adhesive anchor of FIGS.
2A and 2B and illustrating one embodiment for detachment of the
UAV system from the landing surface;

FIG. 2D depicts the UAV system and adhesive anchor of FIGS.
2A and 2B, further illustrating another embodiment for
detachment of the UAV system from the landing surface;

FIG. 3 illustrates an assembly embodiment of an adhesive
anchor;

FIGS. 4A, 4B, and 4C illustrate another assembly embodiment
of an adhesive anchor;

FIGS. 5A and 5B illustrate another assembly embodiment of
an adhesive anchor;

FIGS. 6-8 illustrate another assembly embodiment of an
adhesive anchor;

FIGS. 9A and 9B depict a flow diagram illustrating one

embodiment of a method for deploying a UAV system to an



FI G 1A depicts one enbodi nent of a flight-path of a UAV system for
traveling froman operating base to an observation area, and includes a

bl ock di ayoamirisad44i | | ustrates preferred conponents of wrhe/udtdMieyssen WO
2011/ 133944PCT/ US2011/ 033680 FIG 1B depicts one enbodi nent of a
flight-path of the UAV systemfor vertical ascent from an observation area
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enbodi ment of a UAV system having a power distributor to control power
distribytion froma battery to propul sion notors, observation sensor and
transmtter; FIGS. 2A and 2B deplct t he UAV system of FIGS 1A-1C

havi ng, in qupdlnen%ﬂod%H%%Qe Aanc leoper%gho&f%eﬁ%: £ t he UAV
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deploying a UAV away from the observation area;

FIGS. 11A and 11B depict a flowchart illustrating an
embodiment of a UAV system method for ascending using an
electric motor, repositioning the motor to transition to
horizontal flight and vertical descent, and generating
observation data for transmission to an external receiver;

FIG. 12 is a top level functional block diagram a
processing device that may be used to selectively control
rotation of the propulsion motors;

FIG. 13 is a top level functional block diagram of one
embodiment of a control system to selectively control rotation
of the propulsion motors; and

FIGS. 14A and 14R are perspective views of one embodiment
of a UAV that has two selectively rotatable propulsion motors,

one on each side of the UAV, and one fixed motor on a tail boom.

BEST MODES

Exemplary embodiments of an unmanned aerial wvehicle (UAV)
system are disclosed that enable transition of the UAV from an
operating base to a remote observation site for either aerial
monitoring or monitoring from a surface not immediately

available to monitoring personnel. The UAV may then transition



FI G 2C depicts the UAV system and adhesi ve anchor of FIGS. 2A and 2B and
il lustrati ng one enbodi nent for detachnent of the UAV systemfromthe

| andi ng swof2arie;33944 FI G 2D depicts the UAV system anu/usdie®s3680 anchor
of FIGS. 2A and 2B, further illustrating another enbodi nent for detachnent
of the UAV systemfromthe | andi ng surface; FIG 3 illustrates an
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providing horizontal thrust in-line with the direction of
forward flight of the UAV using at least one electric motor,
providing primary vertical lift for the UAV during the forward
flight (i.e., horizontal flight) using a fixed and non-rotating
wing, repositioning the at least one electric motor to provide
vertical thrust to transition the UAV to vertical flight for
descent, landing the UAV on a surface using a vertical approach
after repositioning the at least one electric motor, and then
deploying an anchor to secure the UAV to a landing surface.

An exemplary embodiment of a method for unmanned aerial
vehicle flight includes providing horizontal thrust in-line with
the direction of forward flight of the UAV using at least one
electric motor; providing primary vertical 1lift for the UAV
during the forward flight using a fixed and non-rotating wing;
repositioning the at least one electric motor to provide
vertical thrust during transition of the UAV to vertical flight
for descent; landing the UAV on a surface using a vertical
approach after the repositioning; deploying an anchor to secure
the UAV to a surface; providing vertical thrust in-line with the
direction of vertical flight of the UAV using the at least one
electric motor for UAV ascent; and repositioning the at least
one electric motor to provide horizontal thrust during
transition of the UAV from ascent to horizontal flight. The

anchor may be an adhesive anchor and so the method may include



FIGS. 9A and 9B depict a flow diagramillustrating one enbodi nent of a

nmet hod for deploying a UAV systemto an WO 2011/ 133944PCT/ US2011/ 033680
obser vat iwo 2arigiz3@nd generating and transm tting observacrars2adanaieso

FIG 10 is a flowhart illustrating an enbodi nent for deploying a UAV away
fromthe observation areas,; FI GS. 11A and 11B depict a flowhart
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el ectric notor, repositioning the notor to transition to horizontal flight
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an external receiver;
direction of vertical flight of the UAV using the at least one
electric motor for UAV ascent after separating; and
repositioning the at least one electric motor to transition the
UAV from ascent to horizontal flight after separating. The
method may also comprise generating observation data while the
UAV is landed; and periodically transmitting the observation
data to a receiver external to the UAV while the UAV is landed.
The method may also comprise reducing power to one of an
observation sensor, the transmitter, and the at least one
electric motor through a power distributor to reduce the UAV's
overall power usage after the UAV has landed. The observation
sensor may be an optical camera, an infrared camera, a
microphone, a vibration sensor, a heat sensor, and/or a
radiation sensor. The method may also comprise restoring power
to all systems on the UAV necessary to deploy the UAV from the
surface; separating the anchor from the UAV to deploy the UAV
from the surface; providing vertical thrust in-line with the
direction of vertical flight of the UAV using the at least one
electric motor for UAV ascent; repositioning the at least one
electric motor to transition the UAV to horizontal flight and
reducing power to one of an observation sensor and said
transmitter through said power distributor to reduce the UAV’s

overall power usage during UAV horizontal flight.



FIG 12 is a top level functional block diagrama processing device that
may be used to selectively control rotation of the propul sion notors;
FIG 13 iwoaotiop3d4evel functional bl ock di agram of one echas2omos3csd a
control systemto selectively control rotation of the propul sion notors;
and FI GS. 14A and 14B are perspective views of one enbodi nent of a

UAV t hat has:daw 1selie enioer] inadratatable preRnsion dmtar S,eang on each si de
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i medi §>te]1y dvai'labl'e t o nonitori ng personne]1. e ,&\}gmay then transition
one electric motor coupled to the wing to rotatably, e.g., via a
propeller, and selectively direct thrust in horizontal and
vertical directions, the at least one electric motor, e.g., via
a propeller, providing primary lift for the UAV during vertical
flight; means for securing the UAV to a surface, e.g., via a
detachable adhesive deploying element; means for generating
observation data, e.g., via one or more passive sensors; and
means for transmitting the observation data, e.g., via an RF
transmitter. For example, the means for generating observation
data may be capable of periodically generating the observation
data, and the means for generating observation data may comprise
a camera. The means for securing the UAV to the surface may be
an adhesive anchor to secure the UAV to a surface, and the
anchor may be separable from the UAV. In one embodiment, the
anchor comprises a liquid adhesive reservoir and a liguid
adhesive infusible brush. Also, the at least one electric motor
may be coupled to the wing to rotatably and selectively direct
thrust in the horizontal direction in-line with the direction of
forward flight. Also, the at least one electric motor may be
coupled to the wing to rotatably and selectively direct thrust

in the horizontal direction in-line with a chord line of the

wing.



WO 2011/ 133944PCT/ US2011/ 033680 back to the operating base for recovery. In
one enbodi nent of a nethod of operation for such an UAV system the nethod
i ncl udes woavidissgg4hori zontal thrust in-line with the dipceatsean/osfesd or war d
flight of the UAV using at | east one electric notor, providing primry
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power uSage cafdreri dthd iUAV iasdranded ithe abhservaliightsensar dmys betan
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power usage during UAV horizontal flight. o .
propulsion motors 120 selectively positiconable relative to the

wing 125 to change the direction of the thrust they generate,
e.g., via propellers, from that for forward flight to that for
vertical flight, as shown for propulsion motor 120'. As used
herein, the term “motor” is intended to include components used
to convert any form of energy into thrust for the UAV. 1In a
preferred embodiment, the propulsion motors are electric motors

and each includes a motor shaft and propeller. Or, the electric
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aerial vehicle apparatus nmay conprise a fixed and non-rotating wng to
provi de pwormariyi3bdfit for the UAV while in horizontal fl ipghtus2@ti/oBmast one
el ectric nmotor coupled to the wing to rotatably, e.g., via a propeller, and
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conprises a |iquid adhesive reservoir and a |liquid adhesive infusible
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2011/ 133944PCT/ US2011/ 033680 Figures 1A-1C illustrate an exenpl ary
enbodi e Olord NS AR Lhaly dr1capablie f: HALAHANGdNUH, IR £an
transition the UAV from an opeéerating base to an observation location to
observe( an, area,_ rr%f er arbllyi %Siicflgfuae'l anchar 1o feitx tihee UAV tlolc% urlf ace for
ext ended "Vi‘éwi ng, an tHen recti nget rust 10 ran(si'tl'dn Fhe Fack to
t he operati.ng base. Mrre particularly, Figure 1A is a flight-path diagram
100 of %ﬂ?él v Pt EMTHALE i FAST Forat s &Bi%dck diagramillustrating
preferred conponents of the UAV system The UAV 110 has a fixed and

pref erabl y A (BfVatlily Ndshg ™ 2P sate i rorsesrmodd 1t pgroviagd 95l nfor t he
UAV 110 when the UAV is in forward flight but does not provide any

subst antdsalrvatfitonnuert &, her IWAV thi0 disenvarerdan calnsfdr g0, iFor exanpl e, the
non-rotating wng 125 experiences primarily lamnar flow over its lifting
sur f acesninturfierawarcch fliitghts, tiuin stdes grotl sExEerd ence drardtiarg fdhew when t he
UAV 110 is in vertical flight. Propul sion notors, preferably

el ect riggald W--pawer @Gt oW Si-an Wi arm 120 are Jd.acat ed enhath i des of the
UAV 110 (figures only show ng a notor on one side of the UAV 110) with the

pr opul sj tors 120 .select 1RSIt i Qnabl e relatiy t:he wi 5to
change%tr%e% |rbe8/tsi on orf% tthce\e tp\k%%l st%ﬁ?eny genersét et, ee.dé?s?erf\/%g%r o\p@e eoarg,
fromthat, for forward flight to that f.or vertical flight, as shown for
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i ncl ude conponents used to convert any formof energy into thrust for the
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and each includes a notor shaft andOPropeIIer. O, the electric
the observation sensor 130 and the transmitter 190. The

observation sensor 130 is preferably an optical camera, but may
be any of a variety of devices, including but not limited to an
infrared camera, a microphone, a vibration sensor, a heat
sensor, a radiation sensor, or the like. Embodiments of an
observation sensor are shown and described in U.S. Provisional
Patent Application Number 61/264,601 filed November 25, 2009,

entitled “Articulated Sensor Support Structure”; and



WO 2011/ 133944PCT/ US2011/ 033680 notor may be an assenbly including a notor,
not or shaft, and ducted fan; a notor, notor shaft, and tiltable propeller;
or ot her wppariatssi4wherein t he notor may or may not be PCIas201eloddesyve to
the wing, but at |east portions of the notor are repositionable relative to
the wing to selectively provide horizontal and vertical thrust for the UAV

110. | nralderatatdnee eadidmeites, Nde Howy Uieomssaion fotor uckZthumy g
repl aced by a single propul sion notor or by a plurality of propul sion

ot or s 20@0“%%&”@1%@ ”‘%Qtt%c‘?ﬁaaceféf %Hs%ro%dﬂfat&rt - ddiclude a ducted fan

(i.e., electric or liquid-fueled), a rocket e., solid fuel or liquid),

gas turl?il HC%r_]C oq‘:ar OetCPrb e%rer(%"ltce in tll}%l ]f‘il)to I%%S %%Ioeblsl’lerv%t 3]8 Sensor

130 for generatlng observation servat i on sensor 1:

comuni cati on mnth a transnlt&ﬁ% 190 f r tr nsnlttln t he observation data
A bat t SR SEAE IS SRR ay Bt TBatericeh.e (i et SHIRP Howdre A %i on
not or s, the observation sensor and the transnltter A power distributor 180

cont r olfd/iE FAVE Cdicstsr iLsidionw fAforhleh & attSeSRorT0 ast (s Pridmd siton
notors 120, the observation sensor 130 and the transmtter 190. The
observaﬂkomﬁaﬁﬂmmntiymddsqﬁgﬁﬂaaﬂﬂqn%WIoptical canera, but may be any of a
variety of devices, including but not limted to an infrared canera, a

m cr ophone, Daindirly atdeors tSiensorchea Uigatl 19ensdies & ffadirat G sgrsertimy t he

| i ke. Enbodi nents of an observation sensor are shown and described in U S.

Provi sironal oraf ent Imczeatdfoml\aumﬂlo@ﬁ/@%e&%efd I\;%d:tl‘i@eqrrizqug%ﬁ, 2009,

entitled "Articul ated Sensor Support Structure"; and
2011/1%§Q%£ECEEH§gQ%1@9§§Q%Qward flight (i.e., horlzontal). Path A of

Figure 1A illustrates the preferred vertical flight path of the
UAV 110 up to a desired cruise altitude. Path B illustrates the
UAV’s 110 transition to forward flight, preferably in response
to repositioning of propulsion motor 120 from the position shown
by 120" to that shown by 120. While in forward flight shown by
path C, the UAV 110 generates substantially all of its 1lift from
the fixed or non-rotating wing 125 (deemed to include 1ift from
the fuselage body in the case of a lifting-body fuselage) and
the propulsion motors 120 are positioned to provide thrust at
least generally in-line with the direction of forward flight.

If such a path represents “slow flight”, then the propulsion
motors 120 may remain in a position that is in-line with a cord
line (not shown) of the fixed wing 125 or may rotate to remain
positioned to provide thrust at least generally in-line with the
direction of forward flight. As the UAV 110 approaches the
observation area, it is depicted as transitioning from forward

flight back to vertical flight (i.e., descent) as shown by path



I nternational Application No. PCT/US10/58037 filed Novenmber 24, 2010
entitled "Articul ated Sensor Support Structure" and each are incorporated
by refereamoeoimssfagir entirety herein. Such an observat iPom/usensos3csmy be
articulated to support renote operator and/or autononous |anding of the UAV
as shown and described in the aforenentioned applications. Duri ng
oper at imgn e itdie UAW FEQdoakes tof fr Ha @acphleperatiote Rase nd disreapable of
transitioning between vertical flight (i.e., ascent) and forward flight

(i.e., Qonizoptal)y Rat b AQfJd.9We plA dddrustsatas ithe Rr ef gified uerti cal
flight "path of the UAV 110 up to a desired cruise altitude. Path B

||l ustranes Lhe YAV 140 Lransiddon Lo farward JHid gt preferably in
response to reposﬁﬁ%onlng of propﬁisldn notor 1 fromthe positi on shown
by 120" to .that. own _hy 0. ilein forward flight. shown b th C, the
UAV' 116 Gt e SUBsaits ditey T oot S £ o o e G0
non-rotating wing 125 (deened to include lift fromthe fusel age body in the
case ofPoiTHYIaNg-Bodlp fpseldd@e) And Hehe ipiopiflSsi ot snstterd! 120 Partd E
positioned to provide thrust at |least generally in-line with the direction
of f orwdred UAV ght0. tihfersdchds pat hheeplessiemtds dbslegw atiioghtl'ocathem,t he

propul sion notors 120 nmay remain in a position that is in-line wwth a cord
| i ne (rdtchshrown)roafgh heéhvdf iuveed off gy 12k rert amgy arotaatte iamauemdiandioesi t i oned
to provide thrust at |east generally in-line with the direction of forward

f1ight.sAxdihe AV CKED @piyioaches: e rRSEr vl 0N A @de idershdepicctied as
transitioning fromforward flight back to vertical flight (i.e., descent)

as shown Dy path, MO 2011133944RCT/ US2011/033680 D, either in response to

the propul sion notors repositioning to position 120" or as supported by

such repositjoning.. \Wile.in vertical flight (i.e., nt), t.he UAV 110
gener at es sh’%lsqaen%tal hye 956 AN i]TOtC tgtg)nr%’t ﬁgleponAS]ﬁlslglﬁjoﬁr?a%tl&s 120
positioned to do.so, and not the wing 1 As shown by path E t he UAV 110

5.
then | &Tdddl (R GESTES SisEVari o 1GCH i i e Mo dgi St He Use of

an operator, an autononous |anding system or sone conbination of both, to
al | ow tHErEndar? 130 arslan dw Fercerts alt sedrfgdtss d A aadliaregurd@ce (where

“landing surface” may also mean an adjacent structure). The
adhesive anchor 150 functions to keep the UAV 110 in position
and prevent it from being moved or displaced due to actions such
as winds and/or movement of the structure to which the UAV 110
may be attached. Other embodiments of an anchor 110 are further
described in U.S. Provisional Patent Application Number
61/264,220 filed November 24, 2009, entitled “Aircraft Grounding
System”; and International Application Number PCT/US10/57984
filed November 24, 2010, entitled “Aircraft Grounding System”
and each are incorporated by reference into this disclosure.
Figure 1B is a flight path diagram 160 of the UAV system
that illustrates the return of the UAV to the operation base
upon completion of its mission at the observation location. If

the UAV 110 has used the adhesive anchor 150, then prior to
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Whil e at the observation | ocation, the UAV 110 may in certain enbodi nents
depl oy an anchor, that may be an adhesive anchor 150 in order to secure
itself tova2bamddag surface (where "l anding surface"” napCaltse0ImRazss@n

adj acent structure). The adhesive anchor 150 functions to keep the UAV 110
in position and prevent it from being noved or displaced due to actions
such asjapaids rndier Jpeeaeti of e Sidrueiny eavo whi 6h 1tihe PAV-2EE0 may be
attached. O her enbodi nents of an anchor 110 are further described in U S

Provi sizonal Pl enfh ARRId caldey Nuber ©l 264 230 fjilad Maverhels 24:- 2009,

entitled "Aircraft G ounding Systeni; and Inter nat| onal Appl I cati on Nunber

Syer enperiean i | o e'}'ﬁcr%r@er at%él%f hfgfpéhcet%?n Py S e
Figure 1B is afI| th di a 60 of the stemthat illustrates
Tho T e GE h e T B T A D s GO acatictm ai e hedes on

at the observation Iocatlon | f the UAV 110 has used the adhesive anchor
150, tHeA P of e \WH'\201 £33944PCHAISPOL1/ 333680 edepdritangg tHe ght
observation |ocation the UAV 110 will separate fromthe adhesive anchor
150. ThetbAV =110 widtratesh tvake tdf G, v erittihc dibley hoqpriefcertald] yraligeg gedtth F,
with the propul sion notor providing vertical thrust in-line with the

di rect iidn waft nearddd eal flliighht peftH e UAVACSL 10 afreri tUAM aseentchelhertical
transitional flight path is illustrated by path G wth the horizontal
crui se matdhd ldaust rated hyrifddrghtl Rathi dd pEhe 1 ansi Yeorddarpdde iverdyd cal
flight path F to horizontal cruise path H may be executed either in

responsg o LNe r qpul§ion, Mot ars JeRR{IdIONNG, £5q sROS tg' Refo! gp%%loc

supported by such repositioning after separatl ng fromt e anchor. Path |
shows t];} torranSI tg;%%gf qu%{]tb at r<]:1r1ba1‘:cek otsoltvl%rntllncalaff lelrg [gngl hB H_C'droinhe

descent) toaq resp 0 re

propul si.on rs from horl ontal thrust to vert]i caI t hrust, as

suppor e t?ﬁlcél?cfh r &P} NG the Framsgiremc 9 f ‘b@ﬁéﬂ % ock

di agram and t op-| evel schematl c illustrating one enbodi nent of a UAV system

havi ng VEsrrgementis- 18 tr édice ovier-& ) ey eqiiar endritnslion tHhe tUR2Yd s ng

flight and/or while |anded at the observation |ocation. A power distributor
180 i s mear iigurmed tam see duc e egro gidrimnafrfy gdwe e ogiuig iprovicded ¢t & mint her t he
observation sensor 130 and the transmtter 190 and/or the propul sion notors

120" (iHodianded)l dRedisdi i@ peweridisage,rday,niolg of fsusystrersl and/sarcH i miting
the tine that a systemor device is on (e.g., powered for flight) allows

t he UAV.LH) itQ stigyy.at the observation location over a |longer period of
time for a finite battery charge capacity.

Figure 1C is a functional block diagram and top-level
schematic illustrating one embodiment of a UAV system having
components to reduce overall power requirements of the UAV
during flight and/or while landed at the observation location. A
power distributor 180 is configured to reduce or turn off power
being provided to either the observation sensor 130 and the
transmitter 190 and/or the propulsion motors 120’ (if landed).
Reducing power usage, turning off systems and/or limiting the
time that a system or device is on (e.g., powered for flight)
allows the UAV 110 to stay at the observation location over a

longer period of time for a finite battery charge capacity.
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WO 2011/ 133944PCT/ US2011/ 033680 That is, the UAV 110, while | anded,
periodically and/or intermttently may use the power distributor to turn on
or increase2puvBs4tio t he observation sensor 130 and/ or trhe/use@n®sdcse er 190
to generate observation data and/or to transmt the observation data via
the transmtter to the operating base and/or to any other external receiver

over amperd ag,ofcid mew Thics aldiows itheiceperatarndfcding WAV /L0 to observe
an area over a period of tine that may be shortened if the vehicle was al so

power eq ft%frnfl'et%mtlgﬂq{a%f i ot NG W NG A itfot durd ng, hori zontal

flight IS a bIock |agran1of an exenpl ary UAV anchor first

|IIustr f%aéé weﬁj¥§Q%} ervél gsfoye&!from%ﬁaz e§|ve mat eri al

dellvere anen arra and posi ti oned

on a UAV Iandln surface to secure he UAV to the | an surface mnth t he
adhesi Ve nﬁﬂete%vf o7 uRaahs SO Bratior (5 F T 3

reservoir 240 by an attachnent 1 220. A channel or condui t 230 nay be

provi dédiShEBREETY AHeN idqdicd Vaddhdsioy & TResarVGiaTr 240 tavd @ Bradsh dadsétbl y 250
such as, for exanple, a filanment array, bristle array, or an array of
bundle@pdﬁqﬁps>@ﬁmfaﬁhax exotetor baldesiverr cwinps gfeloot it Thend.i qui d
adhesi ve reservoir 240 may be attached by attachnment _2 260 to the fil anent
array 2%0.s Beflawes athaafderrdthe fdfl amentUzar riay) 250 ctentract sirt ke daandieng
surface 270, the liquid adhesive may flow fromthe |Iiquid adhesive

reservai 340 d ot henfd lamentnar iy 2R tdred he corduidn i23Q assshowy in

FIG 2B. The filament elenents of the filanent array 250 having liquid
powered for flight and/or did not export the wing lift during
horizontal flight.

FIG. 2A is a block diagram of an exemplary UAV anchor first
illustrated in FIG. 1A that uses, in one embodiment, an adhesive
material delivered to a filament array that is deployed from the
UAV and positioned on a UAV landing surface to secure the UAV to
the landing surface with the adhesive. The UAV 210 is depicted
as attached to a liquid adhesive reservoir 240 by an
attachment 1 220. A channel or conduit 230 may be provided
between the liquid adhesive reservoir 240 and a brush assembly
250 such as, for example, a filament array, bristle array, or
an array of bundles, strips of fabric, cotton balls, or clumps
of cloth. The liguid adhesive reservoir 240 may be attached by
attachment 2 260 to the filament array 250. Before or after the
filament array 250 contacts the landing surface 270, the liquid
adhesive may flow from the liquid adhesive reservoir 240 to the

filament array 250 via the conduit 230 as shown in FIG. 2B. The

filament elements of the filament array 250 having liquid

12



WO 2011/ 133944PCT/ US2011/ 033680 adhesi ve provi de the |anding surface 270
with bonding areas. Once elenents of the filanent array 250 have bonded to
t he | andiwgQ 28uri3ame 270, the UAV may be adhesivel y anchecedstaitobsssé andi ng
surface 270. To free itself fromthe anchor provided by the bonded el enents
of the filament array 250, the UAV may be detached via rel ease of

at t achneme sl &2 ras; ishowhd N HldGn LGt 4! eage waft atdachmenta re2 260 as
shown in FIG 2D, or conbinations thereof. FIG 3 shows an assenbly

conpri $iNg . 164ld1der 8319 d af 1copt-al ning 2 ééoq%aqfea%%e\be J£5fv0i I where

the assenbly further conprises an attachment joint 32 at a pI‘OXI mal end of

the cyl IaQ]I lnﬁgr’%}fr%h%rrﬁya of f|| r{}e@[{ts:é relssltl anchg dCCStI’I s, at

the dis ecylln er chan con provi ded within
t he cyl.inder 310 betwe ui d .adhes ve reservoir and the ment
oy FBEG COHRAE g ha 1hr o e T @Mﬁ%% s Bont
array, where the fil anment arra may be in contact with a surface for

anchor ithg HoIrged ediesie o e gy e Stlowedie pHiomayp be

depl oynment, in a dispensing case 340. FI G 4A shows in cross-section
t he cyldert@eqheﬁmfir@a\nai@a@qolq,ﬁw@eqt%bmamu_ﬁ &2dhafs Aipiler diltg & Staspper
413. FIG 4B shows the |iquid adhesive 420 may be expressed fromthe
cylindere 143 ft he tpldmgert 210 atoves showar d it e Qpert, ng i bbmidEiiat 4@ sshows
the brush 430 of the distal portion 415 of the cylinder 410 nmay di sperse
its fihers<yrfilanments in such a fashion as to provide contact with uneven
surfaces 440. FIG 5A shows in WD 2011/133944PCT/ US2011/ 033680

FIG. 3 shows an assembly comprising a cylinder 310 for
containing a liquid adhesive reservoir where the assembly
further comprises an attachment joint 320 at a proximal end of
the cylinder and an array of filaments 330, bristles, or fabric
strips, at the distal end of the cylinder. A channel or conduit
may be provided within the cylinder 310 between the liguid
adhesive reservoir and the filament array 330 for conducting the
flow of the ligquid adhesive to the filament array, where the
filament array may be in contact with a surface for anchoring.
FIG. 3 also shows the assembly may be stowed, prior to
deployment, in a dispensing case 340.

FIG. 4A shows in cross-section the cylinder 410 having a
plunger 411 with a shaft 412 piercing a stopper 413. FIG. 4B
shows the liquid adhesive 420 may be expressed from the cylinder
410 as the plunger 411 moves toward the opening 414. FIG. 4C
shows the brush 430 of the distal portion 415 of the cylinder
410 may disperse its fibers or filaments in such a fashion as to

provide contact with uneven surfaces 440. FIG. 5A shows in
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cross-section the cylinder 510 having a pointed spring-loaded shaft 511
held in place by a pin 512. FIG 5B shows that wwth the pin renoved, the
poi nt ed swean11biBivsay pierce a seal 513 of the |iquid ath®aiSe@ 1083606 VOI I,
allowing the liquid glue to flow to the bundle of bristles or filanents
430. FIG 6 shows, in another enbodi ment, a side view of the spring

Wi re 5&kdds-Geritacin WH dvhe rerld a1 580y iwhere ddie teQ |syriing-dicsprsed about
the brush filament conduit 551. Another portion of the spring 683 is

di sposed, 61 & MOYRHING SLEeVe ¢, MOWIL ng case EIG@MsIRERN 4 FLG 6. The
spring wwre 581 is conpressed and held in place by a pin 682. FIG 7 shows

0 2 S G AR MR S I sl a0 pcomeyy

posI € Dprus con ected

reorienting.the prush f.ilanment bundle 0. FIG 8 illustrates in

O 05. S SR A A S FEISSR O o s L (e ot T80 whi ch
pl aces pressure in the distal end portion of the flexible |ineal conduit
821, a isY édisureinH&t QhorKs Std o id%e tHeTsindrciy -aperture 822 into the

| i qui d adhesive reservoir 810 via a pierced seal 811. Accordingly, the
assenbly 800'IG ghawrvism ardeplayed sttcs! ievitng ca sidgsty ifsW arferithebundl e
550 receiving liquid fromthe reservoir 810 and positioned for application
to an exanplamt reurfsdce B@bntact wikRHGEhOA N OB sdepivtic ra fdheweldritar
illustrating an exenplary enbodi nrent of a nethod for deploying an unmanned

aerial jvehiid® dddA¥ohavidte: arelserivialion sensriid osigeneiatiang WO

2011/ 133944PCT/ US2011/ 033680
portion of the spring 683 is disposed on a mounting sleeve or
mounting case 690 as seen in FIG. 6. The spring wire 581 is
compressed and held in place by a pin 682. FIG. 7 shows in a
side view the spring wire 581 is in a restored, i.e.,
uncompressed, position and the brush filament conduit 551 is
deflected thereby reorienting the brush filament bundle 550.
FIG. 8 illustrates in a cross-sectional view the deflection of
the brush filament conduit 551 which places pressure in the
distal end portion of the flexible lineal conduit 821, a
pressure that works to drive the piercing aperture 822 into the
liquid adhesive reservoir 810 via a pierced seal 811.
Accordingly, the assembly 800 is shown in a deployed state
having a brush filament bundle 550 receiving liquid from the
reservoir 810 and positioned for application to an exemplary
surface 801.

FIGS. 9A and 9B depict a flowchart illustrating an

exemplary embodiment of a method for deploying an unmanned

aerial vehicle (UAV) having an observation sensor for generating
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observation data, and a transmtter for transmtting the observation data,
wherein the UAV is capable of forward and vertical flight. In this

enbodi menwQ 20hie13894¥ generates substantially all of its IPCtUuskelonsicss
non-rotating wng during forward flight (block 600) to an area of
observation (block 602) and then transitions from substantially forward
flight doxesubstiant iRlday, werd icalrddnghitblRok tRhsnPurding werd i cal flight
(in this case, descent), the UAV maintains substantially all of its lift
from a grans, Qf; genenal i ng.subst antd ajply werdical) 4 st as di selpsed
herein, preferably froma plurality of electric notors (block 607). The UAV
| ands i .substantj.al |y vert.ical r at a servati.on | ocation

(bl ockV%d%)lcaﬂd fg?;ielr(fjeh?ca't )e&sn g%lslesr \%ablyoonl aecd \?\—’Ahteh tAhe % rlseerra\}:arél on sensor
while the UAV.is |.and at_t.he abservation |ocation (hl.ock 608. |n .an

81t or et At e (e OB Ot (pPTo G0 G TG of kgl |y
generating the observation data (block 610), rather than continuously

gener atidfy atte IFhsEYy AT e d&tld) ite erderr Sfo ordeare ayistemtiPoiwdt .60fhe UAV
may transmt the observation data via the transmtter while the UAV is

| anded,argl gheradhemed tienshd ros erettisort dladdat iforrweldodk ie1R) .tcExenpl ary
enbodi nents, nmay have the transmtter capable of periodically transmtting
t he obsemsataran adatya o ta dadc eierh textararad  aodt .t e Ay (Melrack-2614)1,igrat her
than continuously transmtting, and the discontinuous transm ssions may

conser V@ rSYHieMPEwer .dddtSaE exemlzar ywarhedinentmhs e {UAV ymay 1be
capabl e of turning off all systens on the UAV except those necessary to

gener at;g and £ W@, 2011/ 133944RCT/1IS2011/,033680, L+ Ity oRservation data
(bl ock l616) . O, the UAV may obe gi:éapgfoal e o%f sel ecatqﬁer% y y?ur ning off even
those systens necessary Lo transm tthe observation data block 618) while
ret ai ni ng aut ononous "power - up caﬁal‘?l 1°ty, e.yg. . Vi a ifer” and’or i ght

sensor. . FIG 10 is . a flo art illustrating an exenplary nethod
ebod FHCGH CIdbi6yig T O Sy (6 IEe e ot GheelRier i = Pdner | s
restored to all systens on the UAV necessary to deploy the UAV fromthe
obser vatSréi daddat it Gdk FF0ORscavd ttive URZ s Adepldypst iav e and
substantially vertical nmanner up fromthe observation |ocation (block 702).
As in descentted g dgAV atdiont giats: subidt amts alldseraldt ioh iges1darf twhirlemtéemeans
of generating substantially vertical thrust (block 704), preferably froma
pl ural ivayw dfs eleeeiad aomther SbsEie WAV H nansitdicons(fron ssst amtid ald y
vertical flight to substantially horizontal flight (block 706) fromthe
area ofy10RserMaticORmbodimerft, Gonel b and, kLB rdeRintlo 4 n & ddamnhards

illustrating an exenpl ary enbodi mnent of taking off in substantially

verti cale fldght hioman onaral i base an.uurRnned aeniah vaicl &4y

havi ng @ non-rotating W ng, Using propul sion notors positionabl’e to ange

t he dir%ction ch. t he t.hrust thecy. er]C rate wherei.n the UAV.i s c%pable of
ﬁ&%(/e 3% %

transi 960 A et s Forddid 4 9 Cal®F1i%He" N 9 War d % 17 ght

the UAV generates substantially all_of its lift fromthe non-rotating w ng
and t h&€ PrEFNSsior 1t a1 e pgosi tHondd %t & pro de T &S SHtV At st

generally in-line with the direction of forward flight, and
data via the transmitter while the UAV is landed, e.g., adhered

to the observation location (block 612). Exemplary embodiments,
may have the transmitter capable of periodically transmitting
the observation data to a receiver external to the UAV (block
614), rather than continuously transmitting, and the
discontinuous transmissions may conserve system power. In some
exemplary embodiments, the UAV may be capable of turning off all

systems on the UAV except those necessary to generate and
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WO 2011/ 133944PCT/ US2011/ 033680 while in vertical flight the UAV generates
substantially all of its [ift by the propul sion notors positioned to do so.
Ther eaf t ewpQ 20113894 crui ses in substantially forward fl ipgimtusta1m83680 ea of
observation and then transitions fromsubstantially forward flight to
substantially vertical flight in order to land in a substantially vertical

f1ight qatdsnate absebserviatd o doc@lli@k i1 d)he aga tofe ahsemeat imen. _
More particularly, vertical thrust is provided using at |east one electric

mot or  (prefaral]y ste\@ctfiQirel%\éL@%ci?f@L dfd ekl 10Qse ERE RIECTd & Jmbors are

repositioned to provide hori'zontal thrust to transition the UAV from

verti cal, o harjzontal flight (block 1102)., n an alfernatiye emhadi ment.
the electric notors (or at 1east one © e notors) do not Fansi ti on t he
UAV to hori zontal fliqht, but rather are repositioned nerely, to _assist the

t ransi 0P E Wor PR8N 159G 101 ok Crfog) Vo Zoritd /st i'€hthen

provided in-line with the direction of forward flight using the electric
not or s BIBEk 1106). O, if the UAVis in slowflight conditions (block
1108), and so the fixed and non-rotatable wing is experiencing high angles
of attack, tHHé .hdrli Zentaalf ltichwalsitr trayl yes tpredMvingedchni ey adivt et hotdord | i ne
of the wing to provide horizontal thrust (block 1110). During forward
flight enprddiatan tvertt idead1 dviifrlg iss Jarowivded fusinng Hehe fdaxed andenon-triatrat i ng
wi ng (block 1112). O, if the UAV is provided with a |lifting-body fusel age,
pri mar youent iscalrddddramy dhe pr exigdes byt hed il ng-deedys 1t s@) fieprowi th

sone conbination of the wing and lifting WD 2011/133944PCT/ US2011/ 033680
the UAV from the observation location (block 700), and the UAV
is deployed in a substantially vertical manner up from the
observation location (block 702). As in descent, the UAV
maintains substantially all of its lift from a means of
generating substantially vertical thrust (block 704), preferably
from a plurality of electric motors. The UAV transitions from
substantially vertical flight to substantially horizontal flight
(block 706) from the area of observation.

FIGS. 11A and 11B depict in a flowchart illustrating an
exemplary embodiment of taking off in substantially vertical
flight from an operating base an unmanned aerial wvehicle (UAV)
having a non-rotating wing, using propulsion motors
positionable to change the direction of the thrust they generate
wherein the UAV is capable of transitioning between forward and
vertical flight. While in forward flight the UAV generates
substantially all of its lift from the non-rotating wing and the
propulsion motors are positioned to provide thrust at least

generally in-line with the direction of forward flight, and
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body, rather than by the electric notors (block 1114). After the
pre-determ ned horizontal flight path has been acconplished, the electric
not or s arworepossdsoned to provide vertical thrust duri rgTdssa@ens3edbl ock
1116) and the UAV is | anded using a vertical approach after the notor
repositioning (block 1118. An anchor may be depl oyed to secure the
UAV t 0 wanihandimg esuriface f1blgeek h20)nvaned e Rawey disstddutar yprefierabl y
reduces power provided by the battery on board the UAV to at | east one of
the obseryvatiQn senser o he tdiansHididals and the el eqty i, myors to reduce
t he overal |l power usagé of the UAV after the UAV has | anded (bl ock 1124).
In an enpl ary e i ~Jf. the .power.  distr.ibutor.is di t. (qr

di rect g[;%etq%éat%rtpeg\ﬂeng%%sr@g} bcerluplesrel%o |nc\§Jlbfdcsavr\ﬁ lcaﬁg (Sfr?rtwgﬂtigﬁo gletr \?Caoti on
sensor (block 1126), the observation sensor w.ll periodicall enerate
Sbserval G diats ahPCTmIRTCATE 10 HE SRS Srer (RS L o
periodic transm ssion to a receiver external to the UAV (block 1130).

O her wifsease fdoskYy 49 sitdtea ey e Vgerercatled 1d6itt rdows13p 1 Bl dienF126)
and comruni cated to either a transmitter or nenory storage device for

t r ansniigsizors ute tam textldnnale nteceily €rl idbitogle t828)t. am cdrsealviearimat i ve

enbodi nent, observation data is generated continuously (block 832) and
provi daddaa itdie itrr ansmdrteer Sforodgeansitissi.on to the external receiver

(bl ock 1130). FIG 12 is a top level functional block diagram of an
enbodi ment Wl 1 AHRGASSIING dRWIGR I eSSy Ja&y Jddiglude one or
nore central processing units (CPUs) and WD 2011/133944PCT/ US2011/ 033680
addres I r ivel fyi frnk ul 54

ot or s TG D BCSuSeT 1310 ry 1 haIrade TurctT onal Hodel eg BT ExeUabl e
instruqﬁj% s and/or firmnare dules ta affeq} such .rotatiaon, The processor

. c e ctric OLOYs are repaos one @) ro de .
1210 may al’'so bé tcon |gufed o “execute ihstTuctd ors oFbeP?brn1fI|ght

control, and/or sensor processing/filtering. The processor 1210 may be

i ncl uddP 54 AHE pdwer s &5 it&ffﬁ%tféﬁ{ RS gﬁ%\ﬁﬁcﬁl FISEEfELl &° as part of a
separate nodul e in comunication with the power distributor 180. A flight
cont r olNPrEEessiIng st eP12EX f1di0%an aill \wehiad| e TsyE e &M

vehi cl e dynam cs, sensed and/or estinated vehicle positions and/or

vel oci tihes e land headiaig rand/cor adt tlidasde coemmendsia ragwgts )t ke serisor
processing nodul e 1213. The flight control processing nodule 1212 may

out put teemmEds 1 aHdhe2pr apulbsirdreomi=sar 15260, e raphepelder notors, and
actuators, e.g., control surface actuators. The sensor processing nodul e

1213 maR)Sa IReRl R eutpuls fremaehind e Qynamicrsens oy iSUeh As
accel eroneters and/ or gyroscopes referenced by flight control sensors 1230.

The se '%Sicl:%ht[}}r] g(%f%]%% 9 1pdul e (ahi3 Jmy, |f it%‘%%{)s {01; OtHRrW | r;zé‘i‘?{éﬁie ti:cno—'l itfae

i nput fro I ght control sensors 12 ef ore provi Iltered

and/ or processed,.i nf or.nat i o _the fl.i.ght control_.processing nodule 1212.
Embod HENTS (O CHa SBdREsSar TEHG Ty TGS HEvitd (v OLedui g & hat
may be executed by sensor processing nodule 1213, flight control processing
nmodul e P2LEX gl Ufi)st r iBut ed BEBREET tive W 1o Big S dHELTSF t he

processor 1210. . . .
(block 1108), and so the fixed and non-rotatable wing is

experiencing high angles of attack, the horizontal thrust may be
provided in-line with a chord line of the wing to provide
horizontal thrust (block 1110). During forward flight, primary
vertical 1lift is provided using the fixed and non-rotating wing
(block 1112). Or, if the UAV is provided with a lifting-body
fuselage, primary vertical 1lift may be provided by the lifting-

body itself, or with some combination of the wing and lifting
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WO 2011/ 133944PCT/ US2011/ 033680 Dependi ng on the function of the
processor 1210, other nodul es, including functions and capabilities, may be
added or wermued3dkurt hernore, the nodul es 1212, 1213 i rCThS2@@BmRa@r Yy
processor 1210 described herein may be further subdivided and conbi ned with
ot her functions to acconplish the functions and processes descri bed herein.

The vangRus mdiHas tmyn 3sake d1gyemented d1x hayidwar €,1 101 .a 2caEy nadd on
of hardware and software, i.e., firmvare. For an air vehicle enbodi nent,

the extsrnaleommoneNts, Mgl ude @ I g SUHACe LHLRS:Uhef Lald
boom a notor, a battery nodul e, observation sensor, power distributor, and

a payl a dul e, |G 13 ...s t | evel .functional_ -bl.oc i agr am of
an errboeg’l%r?e%l%f gnrOtaonr Saiarrl:everhelpc e t\ﬁﬁglregp the psrfs%leclrr% ivnecr?cul easl 611: dC1310;

flight control 6 conponents 1320 .i ncl udjng a_d obal _Posjtjoni.n stem (GPS)
sensor Bid ¥ &Sy %géﬁﬁiiﬂjéﬁnﬁgﬁ%égﬁ%Lg$%§§hﬂé“§%ﬁ£6?”i%Q§¥ a power
supply including a battery 132;, and a telenetry 1323 that may include an
upl I nk Ieedeiardr g PrdcedsGr thd M s €paatidlhpR 169 | P lesrbilddts -on,
selectively control rotation of the propul sion notors. The flight control
conponent s E32@nvipraimsy ibecldege cared rier tdealunveddr éifehtt cursi tl saed/nor

accel eroneters and/ or gyroscopi c sensors (not shown). The system nmay

f urt hersunfelasde(dro cab SarAgt izonl $ensoie 1s uhhs tas aaner e rk32h.ablhe rsysicem nmay
further include a forward port/left nmotor drive 1331 to selectively rotate

a propysican griarddeiat it ot aMnGn dJadnand sizar hearad/ nicghit npfor
drive 1332 to selectively rotate a second propul sion notor WO

2011/1%%94%@@E&Q§%Q%AGQ§§Q§Q$or, the transmitter and the electric

motors to reduce the overall power usage of the UAV after the
UAV has landed (block 1124). In an exemplary embodiment, if the
power distributor is directed (or directs) that power is to be
periodically switched on to the observation sensor (block 1126),
the observation sensor will periodically generate observation
data and communicate it to the transmitter (block 1128) for
periodic transmission to a receiver external to the UAV (block
1130). Otherwise, the observation data may be generated
continuously (block 1126) and communicated to either a
transmitter or memory storage device for transmission to an
external receiver (block 828). In an alternative embodiment,
observation data is generated continuously (block 832) and
provided to the transmitter for transmission to the external
receiver (block 1130).

FIG. 12 is a top level functional block diagram of an
embodiment where a processing device or processor 1210 may

include one or more central processing units (CPUs) and
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relative to a second wing, a forward port/left notor position nodule 1334
to control the forward port/left notor drive 1331, a forward

st ar boar dwoi2ghir13a@tior positi on nodul e 1335 to control tRreTUs2MA0BE680
starboard/right notor drive 1332. The systemnmay alternatively include a
single notor drive, and corresponding notor tilt. The conmmunication
channelssidrays &1 hRehaAaRd/{r W IIR)teSs] 8.cbnt Hadie faaquenay ward/ or
infrared. The wired comuni cation channels may include netal w re channels
havi ng HIACO %, Wil NEHERE Jlah%o.Euharlay ARt e ulinalisplaiseri al
bus (USB), and fiber optic channels. F Gg 14A and 15B are a
perspectiyve vie i) lustratin ne emnmbodi of V havij t
sel ect im\?e(j\u;e/l erSoto\<'21£tsaeb Y u?rco bgLres ]T%osocerﬁlaef]leo n\(/ée%?llrgc/aqr afglcré@taf‘%h(ﬁqq%&rletvéglt
and vertical descent. A left propul sion notor 1402 is coupled to a |eft

o ng. TAOE T GO 8 T ot AR GEAGE T T 0 S ot Racp g hred
selectively rotatable about a |left notor pivot point 1408 to enable both

f or war & S Heas "Wt T carfd Bre MS Tl [l Tt aUge ottt d/o sfenswe | ef t
propul sion notor 1402 to a vertical position about the |eft notor pivot

poi nt 408esEhegifidttieng ey The aooorrpisoshdd By mehe Heoriwarlddeot ti/fl efite not or
drive 1331 that is coupled to the left notor 1402, with the forward

port /| efdwarotddrs tdriibee ck33B (posid isdnedh dirt FG.i nd,hed efd pmtorobeom 1406 or
in the left propulsion notor 1402, itself. In one enbodi nent, an aft fixed
propul ey MO mMmALR 115 RoweRed and pr aMmitdes neerddweal dilrustoudyd Nngo .
vertical ascent and vertical landing and is turned off for forward flight.

Q her %”%@dﬁ“tc%ntﬁg 12 %Jc!cje%%%ﬂgp%dﬁ%%o é%)lg%gﬁo f An afdnifd 1>éegr|ay

propul si on nmotor and suitable function I agrans for contr are

shown and described jn ar.e.shag and, described in, UJ.S. pr.ovisional .patent
Aop | oot R /S B O v o8 000 S BT AU gt |
Confi gurat.ion Contro] of Devi.ce"; and_ I nternational Appl.cation No.

PCT/ Usﬁ?fd/td%@@“ﬁ)loefd Vﬁg\%ﬁ‘&é@sz&a%f@,adéﬁkﬁ AN CTAG ST
Configuration Control of a Device" and each is incorporated by reference in
their EvMEadp Hérgiugh the segisgn Harese iriggmePricpdiSion st grlipht2 s
coupled to a right wing 1414 through a right notor boom 1416. The |eft

not or AT ricsl gelcestssieloy nrogtdteall]Zd Zaleut  cantiiiughtc amotegrd pitwotthgoi nt 1418 to
enabl e both forward flight (as shown), and vertical flight through rotation
of the pgroghil gircepulcsioars motsar, dr.iogve M dldsa verddregl gpesiddamaboyt the
ri ght nmotor pivot point 1418. The pivoting may be acconplished by the
forvard sf.ar Roard/dii ghir MRLOT: Ahiae k332 Hehate s € QuRlRd dioid R diight ot or
1412, with the forward starboard/right notor drive 1332 positioned either

in the right, NpLar. POAMA4B6 O Juft the of Ights ALORU) SN MRLOK, 1412, tsel f.

O .
Crul se

as accelerometers and/or gyroscopes referenced by flight control
sensors 1230. The sensor processing module 1213 may filter or
otherwise condition the input from the flight control sensors
1230 before providing the filtered and/or processed information
to the flight control processing module 1212. Embodiments of the
processor 1210 may include navigation processing that may be
executed by sensor processing module 1213, flight control
processing module 1212, or distributed between the two

processing modules of the processor 1210.
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The illustrations and exanpl es provided herein are for explanatory purposes
and are not intended to limt the scope of the appended clains. This

di scl osurwoie11ti334ae consi dered an exenplification of thecpriseeilpbimsso of the
invention and is not intended to limt the spirit and scope of the
invention and/or clainms of the enbodinment illustrated. For exanple, use of

the phrase 'meyhstand ajd yral Ifun used s Hangarsieed by 2ame  ofthdMO
2011/ 133944PCT/ US2011/ 033680 ordinary skill in the art and so nay approach

a val ue,of, 12ppr ol Q%0001 dhat, Arpunt: ;conPaled L TheiRly ase

"substantially forward”,” "substantially horizontal” and ™substantially

verti cale, e used as ynder stood by, ne afy o7 diinary sskil i) dhe ars. " and
SO may approxi‘nmate a value ‘of O- o " forward", orizontal™ a

"vertical", with respect ta.the |local horizontal respectively. Sim]arly,
Che phidseoate 118 e T ot e it Socr By e BT or s st 11 i n
the art and so may approach approxi mately 0-30 degrees fromthe base angle
measur épmbined WMith ©thert dipicatied s Hat ArAIAMBUS: o ribioh dtireiis Cdrfd /26y

sub- conbi nati ons of the specific features, systens, nethods, and aspects of
t he above @Ered wemcs iy beneade afdhiestiddidua Imogdutlsion mehe adcopédeof t he

i nvention. Accordingly, it should be understood that various features and
aspect singfl dntee tdics clro$ed dabedi rentss dmp iba tdanbidtetharddwa rer asidbst i t ut ed
for one another in order to formvarying nodes of the disclosed invention.

Fur t hersdfttvasrd,ntierded tihatwdie seape ofa itthegiriesentenigdeantdan herei n
di scl osed by way of exanples should not be limted by the particul ar

diSClO%&Qe qdkﬁﬁﬁ%§m§ﬁ§?%ﬁ®eqﬂ%g%ﬁ% a lifting surface extension, a

tail boom, a motor, a battery module, observation sensor, power
distributor, and a payload module.

FIG. 13 is a top level functional block diagram of an
embodiment for an air vehicle where the system includes a CPU
1310; flight control components 1320 including a Global
Positioning System (GPS) sensor and processing 1321; an
atmospheric pressure sensor 1322; a power supply including a
battery 132;, and a telemetry 1323 that may include an uplink
receiver and processor that may separately, or in combination,
selectively control rotation of the propulsion motors. The
flight control components 1320 may also include an inertial
measurement unit and/or accelerometers and/or gyroscopic sensors
(not shown). The system may further include an observation
sensor such as camera 1325. The system may further include a
forward port/left motor drive 1331 to selectively rotate a
propulsion motor relative to a wing, a forward starboard/right

motor drive 1332 to selectively rotate a second propulsion motor
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WO 2011/ 133944PCT/ US2011/ 033680 What is clained is: 1. A nethod of

unmanned aerial vehicle (UAV) flight, conprising: provi di ng
hori zont avot2hrsso44n-1ine with the direction of forwardPpPCiriushei1o83cshe UAV
using at | east one electric notor; providing primary vertical lift

for said UAV during said forward flight using a fixed and non-rotating
Wi Nng; relatifePas td gRihSalithagt d eastvone Blectida mitr i qarawde

vertical thrust during transition of said UAV to vertical flight for

descen%bdule 1334 to control the forward port/left motor drive 1331, a
forward starboard/right motor position module 1335 to control
the forward starboard/right motor drive 1332. The system may
alternatively include a single motor drive, and corresponding
motor tilt. The communication channels may be wired and/or
wireless, e.g., radio frequency and/or infrared. The wired
communication channels may include metal wire channels having
protocols including IEEE 1553, Ethernet, and the universal
serial bus (USB), and fiber optic channels.

FIGS. 14A and 15B are a perspective views illustrating one
embodiment of a UAV having two selectively rotatable motors to
enable vertical ascent, horizontal cruise and vertical descent.
A left propulsion motor 1402 is coupled to a left wing 1404
through a left motor boom 1406. The left motor 1402 is
selectively rotatable about a left motor pivot point 1408 to
enable both forward flight (as shown), and vertical flight
through rotation of the left propulsion motor 1402 to a vertical
position about the left motor pivot point 1408. The pivoting
may be accomplished by the forward port/left motor drive 1331
that is coupled to the left motor 1402, with the forward
port/left motor drive 1331 positioned either in the left motor
boom 1406 or in the left propulsion motor 1402, itself. 1In one
embodiment, an aft fixed propulsion motor 1410 is powered and
provides vertical thrust during vertical ascent and vertical

landing and is turned off for forward flight. Other embodiments
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| andi ng said UAV on a surface using a vertical approach after said

reposi tioning; and deploying an anchor to secure said UAV to a surface. 2.
The net howloabiicizaesm 1, further conpri sing: provi dipag/usesitioszmBo t hr ust
in-line with the direction of vertical flight of the UAV using said at

| east one electric notor for UAV ascent. 3. The nethod of claim2, further
CoONpri §M@n aft fiRROPAIRNINGrSaictat drepstuiang 1e) etindta Jmton i@ Kr ovi de

horizontal thrust during transition of said UAV from ascent to horizontal
flightdiagrams for control are shown and described in are shown and
described in U.S. provisional patent Application Number
61/264,587 filed November 25, 2009, entitled “Automatic
Configuration Control of a Device”; and International
Application No. PCT/US2010/058020 filed November 24, 2010,
entitled “Automatic Configuration Control of a Device” and each
is incorporated by reference in their entirety herein.

Similarly, a right propulsion motor 1412 is coupled to a
right wing 1414 through a right motor boom 1416. The left motor
1412 is selectively rotatable about a right motor pivot point
1418 to enable both forward flight (as shown), and vertical
flight through rotation of the right propulsion motor drive 1412
to a vertical position about the right motor pivot point 1418,
The pivoting may be accomplished by the forward starboard/right
motor drive 1332 that is coupled to the right motor 1412, with
the forward starboard/right motor drive 1332 positioned either
in the right motor boom 1466 or in the right propulsion motor
1412, itself.

The illustrations and examples provided herein are for
explanatory purposes and are not intended to limit the scope of
the appended claims. This disclosure is to be considered an
exemplification of the principles of the invention and is not
intended to limit the spirit and scope of the invention and/or
claims of the embodiment illustrated. For example, use of the

phrase “substantially all” is used as understood by one of
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WO 2011/ 133944PCT/ US2011/ 033680 4. The nethod of claim11, wherein said

anchor is an adhesive anchor. 5. The nethod of claim4, further

conpri si MyO 2011/13394gepar ati ng t he adhesi ve anchor from t RreTWAYIO36P! Oy t he

UAV from the surface; providing vertical thrust in-line with the

direction of vertical flight of the UAV using said at |east one electric

ot or fod 1AV asaent] aft ehesaird separsat kg @doach a value of
approximately 80%-100% of that amount compared. The phrase
“substantially forward”, “substantially horizontal” and
“substantially vertical” are used as understood by one of
ordinary skill in the art, and so may approximate a value of 0-
20% “forward”, “horizontal” and “wertical”, with respect to the
local horizontal respectively. Similarly, the phrase “in-line
with” is used as understood by one of ordinary skill in the art
and so may approach approximately 0-30 degrees from the base
angle measured.

It is contemplated that various combinations and/or sub-
combinations of the specific features, systems, methods, and
aspects of the above embodiments may be made and still fall
within the scope of the invention. Accordingly, it should be
understood that various features and aspects of the disclosed
embodiments may be combined with or substituted for one another
in order to form varying modes of the disclosed invention.
Further it is intended that the scope of the present invention

herein disclosed by way of examples should not be limited by the

particular disclosed embodiments described above.
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repositioning said at | east one electric notor to transition said UAV from
ascent to horizontal flight after said separating. 6. The nethod of claim
1, furthewoconpi3sstiing: generating observation data wrCraScoia/oBsks0 i s
| anded; and periodically transmtting the observation data to a receiver
external to the UAV while the UAV is |landed. 7. The nmethod of claim8®6,
wher ei myHeer iiedigalilmed rignsm tting the observation data is acconpli shed
while the UAV is | anded on said surface. WD 2011/ 133944PCT/ US2011/ 033680
1. A method of unmanned aerial vehicle (UAV) flight,
comprising:
providing horizontal thrust in-line with the direction of
forward flight of the UAV using at least one electric motor;
providing primary vertical 1lift for said UAV during said
forward flight using a fixed and non-rotating wing;
repositioning said at least one electric motor to provide
vertical thrust during transition of said UAV to vertical flight
for descent;
landing said UAV on a surface using a vertical approach

after said repositioning; and

deploying an anchor to secure said UAV to a surface.

2. The method of claim 1, further comprising:
providing vertical thrust in-line with the direction of
vertical flight of the UAV using said at least one electric

motor for UAV ascent.

3. The method of claim 2, further comprising:
repositioning said at least one electric motor to provide
horizontal thrust during transition of said UAV from ascent to

horizontal flight.
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8. The method of claim11, further conprising: reduci ng power to one
of an observation sensor, said transmtter and said at | east one electric
not or t hrwoghtizispwer di stributor to reduce the UAV s operaiskoipossso usage
after said UAV has | anded. 9. The nethod of claim8, wherein said
observation sensor is a sensor selected fromthe group consisting of an
optical canmera, an infrared canera, a m crophone, a vibration sensor, a
heat sensor and a radiation sensor. 10. The nmethod of claim@8, further
conpri si ng: restoring power to all systens on the UAV necessary to
deploy the UAV fromthe surface. 11. The nmethod of claim 10, further

Compri$ N9- the method of claim 1, wherein said anchor is an adhesive

anchor.

5. The method of claim 4, further comprising:

separating the adhesive anchor from the UAV to deploy the
UAV from the surface;

providing vertical thrust in-line with the direction of
vertical flight of the UAV using said at least one electric
motor for UAV ascent after said separating; and

repositioning said at least one electric motor to
transition said UAV from ascent to horizontal flight after said

separating.

6. The method of claim 1, further comprising:
generating observation data while the UAV is landed; and
periodically transmitting the observation data to a

receiver external to the UAV while the UAV is landed.

7. The method of claim 6, wherein periodically transmitting
the observation data is accomplished while the UAV is landed on

sald surface.
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separating the anchor fromthe UAV to deploy the UAV fromthe surface;
providing vertical thrust in-line with the direction of vertical flight of
t he UAV wwonglisiasd4at | east one electric notor for UAV astarskolimasztso WO
2011/ 133944PCT/ US2011/ 033680 repositioning said at | east one electric
nmotor to transition said UAV to horizontal flight. 12. The nmethod of claim
11, further conprising:

3. The method of claim 1, further comprising:

reducing power to one of an observation sensor, said
transmitter and said at least one electric motor through a power
distributor to reduce the UAV’s overall power usage after said

UAV has landed.

9. The method of claim 8, wherein said observation sensor is a
sensor selected from the group consisting of an optical camera,
an infrared camera, a microphone, a vibration sensor, a heat

sensor and a radiation sensor.

10. The method of claim 8, further comprising:
restoring power to all systems on the UAV necessary to

deploy the UAV from the surface.

11. The method of claim 10, further comprising:

separating the anchor from the UAV to deploy the UAV from
the surface;

providing vertical thrust in-line with the direction of
vertical flight of the UAV using said at least one electric

motor for UAV ascent; and
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reduci ng power to one of an observation sensor and said transmtter through
said power distributor to reduce the UAV' s overall power usage during UAV
hori zont avof2biigizs24413. An unmanned aerial vehicl e (UAV) PCTAIspalil 983680

a fixed and non-rotating wing to provide primary lift for the UAV while in
hori zontal flight; at | east one electric notor coupled to said w ng

to rotat abl yeng isalettiovela) didtecte ddtr Uste ian rardizomtaaloand verti cal
directions, said at | east one electric nmotor providing primary lift for the

UAV duwﬂgﬁéﬁgth@a fd ilght ; Jm§g§LQ9ﬁ£§eqqndHlsajd UAV to a surface. 14.
The apparatus of cl a|n113 further conprising: nmeans for generating

observation data; and neans for transmtting the observation data.

12. The method of claim 11, further comprising:
reducing power to one of an observation sensor and said
transmitter through said power distributor to reduce the UAV’s

overall power usage during UAV horizontal flight.

13. An unmanned aerial wvehicle (UAV), comprising:

a fixed and non-rotating wing to provide primary lift for
the UAV while in horizontal flight;

at least one electric motor coupled to said wing to
rotatably and selectively direct thrust in horizontal and
vertical directions, said at least one electric motor providing
primary lift for the UAV during vertical flight;

means for securing said UAV to a surface.

14. The apparatus of claim 13, further comprising:
means for generating observation data; and

means for transmitting the observation data.
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WO 2011/ 133944PCT/ US2011/ 033680 15. The apparatus of claim 13, wherein
said neans for generating observation data is capable of periodically
gener at i nyot2he/i3Bwier vati on data. 16. The apparatus of elcaiusedi3/33Ber ei n
said neans for generating observation data conprises a canmera. 17. The
apparatus of claim 13, wherein said neans for securing said UAV to the

surfaced.s ameadhesine AN nsayr ersaicdd lUAV it e si frrae.  18. The
apparatus of claim 13, wherein said anchor is separable fromsaid UAV.
generating observation data is capable of periodically

generating the observation data.

16. The apparatus of claim 13, wherein said means for

generating observation data comprises a camera.

17. The apparatus of claim 13, wherein said means for securing
said UAV to the surface is an adhesive anchor to secure said UAV

to a surface.

18. The apparatus of claim 13, wherein said anchor is separable

from said UAV.

19. The apparatus of claim 13, wherein said anchor comprises a

liquid adhesive reservoir and a liquid adhesive infusible brush.

20. The apparatus of claim 13, wherein said at least one
electric motor is coupled to said wing to rotatably and
selectively direct thrust in the horizontal direction in-line

with the direction of forward flight.

28



19. The apparatus of claim 13, wherein said anchor conprises a liquid
adhesi ve reservoir and a |iquid adhesive infusible brush. 20. The

appar at uswofol/issem 13, wherein said at | east one el ectripcTrastan/oszmseoupl ed
to said wing to rotatably and selectively direct thrust in the horizontal
direction in-line with the direction of forward flight. 21. The apparatus
of claim13, wherein said at | east one electric notor is coupled to said
wing to rotatably and selectively direct thrust in the horizontal direction

in-line with a chord Iine of said w ng.

21. The apparatus of claim 13, wherein said at least one
electric motor is coupled to said wing to rotatably and
selectively direct thrust in the horizontal direction in-line

with a chord line of said wing.
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