1 APPARATUS AND METHOD FOR LAUNCHI NG AND LANDI NG OF AERI AL VEHI CLES
FI ELD OF THE | NVENTI ON 5[ 001] The present invention relates to an
appar atus and nethod for |aunching and | andi ng unnanned aeri al
vehicles. Mire particularly, the inventign relates to an apparatus
that provides a collapsible platformfor | aunching and | andi ng
unmanned aerial vehicles. 10 BACKGROUND OF THE I NVENTION [2] The use
of unmanned aeri al vehimi];egghtﬁ,@@)\bjﬁ\%w@g@@ 'gwﬁgwﬁmﬂ@ns,

surveill ance operations, nonitoring of weather conditions and border
patrol s, has been gai ni ng AINDdsANBINGRObAERIALY VEIHCLES ts proven
efficiency and effectiveness in such operations. In areas where
manned flight operations 15 are highly dangerous or pose arisk to
security, UAVs have provided a relatively | ow cost alternative to
obtain acceffELD ORTHE ANENTION3] Despite its relatively | ow cost
and characteristically smalTer size as conpared to nanned aeri al

vehi cl esg t tﬂﬁﬂ]egﬂ%z{;és&ﬂt ih‘@éffﬂidi*ﬁl%lé’tb@‘f@%nt%pi%ﬁa@ls?é%cﬁﬁ'@ﬂﬁ&ﬁﬁﬁ’Iaunching

particularly i . I's operating at sea. e recovery systens off
t he deck of apdvardiey wmaneshvacrialhehidesv dlore gfartigalarynrihe hievatdiok refatas

vessel is cgnsiderabl | engi ng_du 0, saf cancerns,and |imted
ook sphce. 1 Andir et AL bRV a tERahSpBop Blrbaf HRE R RS ne Phiito
subj ect ed t anhiaghet Reieevstigkeson and decel eration forces than

conventi onal manned vehicl es have 25 nade the UAVs prone to being

damaged upon | andi ng.

10 BACKGROUND OF THE INVENTION

(002] The use of unmanned aerial vehicles (UAVs) in reconnaissance
missions, surveillance operations, monitoring of weather conditions and border
patrols, has been gaining widespread popularity due to its proven efficiency
and effectiveness in such operations. In areas where manned flight operations
15  are highly dangerous or pose a risk to security, UAVs have provided a relatively

low cost alternative to obtain access to these areas.

[003] Despite its relatively low cost and characteristically smaller size as
compared to manned aerial vehicles, the recovery of UAVs has proven fo be a
20  challenge, particularly if a UAV is operating at sea. While recovery systems off
the deck of a vessel are known, the recovery of UAVs on the deck of a vessel
is considerably challenging due to safety concerns and limited deck space. In
addition, the inherent characteristics of UAVs being subjected to higher
acceleration and deceleration forces than conventional manned vehicles have

25 made the UAVs prone to being damaged upon landing.

[004] To circumvent the problem of limited deck space and safety concerns,
attempts have been made to recover UAVs off the deck of a vessel. For

example, net-based recovery systems comprising a net suspended above the



[4] To circunvent the problemof |imted deck space and safety
concerns, attenpts have been nmade to recover UAVs off the deck of a
vessel . For exanple, net-based recovery systens conprising a net
suspended above the 2 deck of a vessel jor off the board of a vessel
have been used to capture an UAV while n flight. U S. Patent No.
7,059, 564 discloses an aircraft that can be captured by a recovery

ine in f1ighlord WRBPSEoh R bl Sadidesbdli Rald BEeS BREHTE cBNHE Bn AV
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5 enough t avhilecii flight.hell)Sdeateny No.ng 058,564 Mistieses Nm aifcii3tHaT Gcan be
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UAVs in flight. T systens, however, are known abor
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a floating hangar fof airplanes. A supporting platform 15 extends
downwar dl y hegingr @nt Beregkng rsyaiedn i for prapddrig yJAS dnatipbt. abbigse isysten
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pl at f onmn t hatowresy Wdrkersafrel tenshuseertyadetongligvand | anding of an
ai rpl ane under varying conditions. However, such a platformis does

not provide sufficient deck space for a UAV 20 to adequately | and
safely. [6] Another such platformbased systemis disclosed in U S.

Pat ent No. 6 i c\'ﬁ}d f = i f i
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and is intended to facilitate recejpt of water _aircraft. However
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mechani cally fromthe vessel. _ .
of the vessel to form a platform horizontal with the deck of the ship. The
objective of the supporting platform is to provide a platform that permits safe
and speedy launching and landing of an airplane under varying conditions.
However, such a platform is does not provide sufficient deck space for a UAV

20 to adequately land safely.

[008] Another such platform-based system is disclosed in U.S. Patent No.
2,160,449. A floating and self-contained platform is provided at the stern of a
ship, which platform is foldable or can be slid in and cut. The platform reaches
25 down to the water surface and is intended to facilitate receipt of water aircraft.
However, such a platform requires the vessel to be almost stationary to permit
the landing of aircraft and a long running platform extending mechanically from

the vessel.

30 [007] U.S.Patent No. 5,109,788 discloses a recovery apparatus for unmanned

reusable aircraft comprising a flexible surface element arranged on a vessel to



3 forma tranpoline-like extendable or stretchable receiving or
retrieval surface for drones. For this purpose, the surface el enent
is brought out froma gathered-in, folded or pivoted-inward stored,
stowed position into a nounted expanded §osition by neans of
extendabl e retention and gui dance systens. 5 Such a systemis
essentially a net-based systemand is prone to causing damage to the

UAV.  [8] | fbr@'gﬁ”etrzﬂ’ﬁ pbilR-fIES ¥ RIaplSbe @ﬁ?fghﬁﬁieo%‘éi\@?g’\s?1reﬁfé93Y§§ﬁ§ée
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is subjected to the varying novenents of the vessel, causing the
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allowing a 'sea W thout any of the problenms described
above. [10] Any discussion of docunents, devices, acts or know edge
in this 20 specification is included to explain the context of the

invention. ]t should not be taken as an adm ssion that any of the
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docunments. vehicle or light aircraft may find landing on a platform challenging as the
platform is subjected to the varying movements of the vessel, causing the

platform to be unstable for a safe landing.

[009] There is, therefore, a need for a UAV recovery system that is capable of

allowing a UAV to land at sea without any of the problems described above.

[010] Any discussion of documents, devices, acis or knowledge in this
20  specification is included to expiain the context of the invention. It should not be
taken as an admission that any of the material forms a part of the state of the
art or the common general knowledge in the relevant art anywhere on or before
the priority date of the disclosure and claims herein. All statements as to the
date or representation as to the contents of these documents is based on the
25 information available to the applicants and does not constitute any admission

as to the correctness of the date or contents of these documents.



4 OBJECTS OF THE I NVENTION [011] It is an object of the present

i nvention to provide an inproved platformfor the |aunching and

| andi ng of unmanned aerial vehicles (UAVs). 5 [12] It is also an

obj ect of the present invention to provide an inproved platformfor

t he safe |aunching and safe recovery of “UAVs. [13] It is a further
obj ect of the present invention to provide an inproved 10 platform
that is capable of safe | aunching and safe recovery of UAVs when the
vessel is pitching, rolling or yawing, either alone or in

conbi nat i orOBJECAE OF TiHE ENVENTION: her object of the invention to
provi de an inproved collapsible platformthat mnimzes the risk of
damage to t[De1)UAVis 4B obfedb]of lthe ipgesersttinténtion tohprovitj eatimplovdieplatform
i nvention to provide an inproved platformthat n1n|n1zes t he space
taken by tHer @@dﬁumhm@.@ndé@@@m of unmanpgfl agriaf vehiclesi(MAMS)r t her
object of the invention to provide an inproved platform 20 that cause
m ni mal 5damage to the vessel froma landing UAV. [17] It is a stil
further object of the present invention to overconme, or at |east
subst ant i al[0y2]artelis @izt en ohjectiof dteapreages irveatiohotot paniidey sanofmprloved

B; ;g;n?rit n i%t%(grgl;ﬁ hqzeggfe aun&%:rqg%ngbéa?é:tresco%ggy OPURQ} ages of the

[013] It is a further object of the present invention to provide an improved
10 platform that is capable of safe launching and safe recovery of UAVs when the

vessel is pitching, rolling or yawing, either alone or in combination.

[014] It is a yet further abject of the invention to provide an improved

collapsible platform that minimizes the risk of damage to the UAV.
15

[015] [t is a still further object of the invention to provide an improved platform

that minimizes the space taken by the deck of the vessel.

[016] It is a still further object of the invention to provide an improved platform

20  that cause minimal damage 1o the vessel from a landing UAV.

[017] ltis a still further object of the present invention to overcome, or at least

substantially ameliorate, the disadvantages and shortcomings of the prior art.

25 [018] These and other objects and advantages of the present invention will
become more apparent from the following description, taken in connection with
the accompanying drawings, wherein, by way of illustration and example, an

embodiment of the present invention is disclosed.



beconme nore apparent fromthe foll ow ng description, taken in
connection with the acconpanyi ng draw ngs, wherein, by way of
illustration and exanple, an enbodi nent of the present invention is
di scl osed. 5 SUMVARY OF THE I NVENTION [19] According to the present
i nvention, an apparatus for a collapsibl®e | aunching and | andi ng
platformfor a vessel conprises a conpensating arm a nulti-axis

connect or Ce\Gi BE TOe IRVEASAjI ng arm and a col | apsible 5

pl at f orm opT‘I'D'n%P]i(y—WTﬁ‘S’UUUOT‘t‘S*' J . The conpensating arm has first

and second : ' d ' . er

for mountind 5 ARES3p. 0 £PEuaE IRERHETE o, AoBEurTobra RyRBL Bt
connect ed Maunchimgl and e platfofmefor al Vaagel bb@paked batampenadiagtfth, a

for coupling to the nulti-axis connector and is capable of novenent,
in at | east Mul-agisasyestor seeded toni@e1eompensgitichpENplagesf ar¢allagsible

at | eastson a%ﬂﬁ%?t%rra?@%ﬂ{ s@we{ﬁg%ﬁpﬁg%ﬁﬁ gﬂnth%}s%rs{ %Eeg&?d

controller ﬂlat control s’ novene he C e platformb
provi di ng i esds ubeifosisend batty rauetddh® altmstomerrded ddaptead fortrheunting fo
col l apsi bl e, platformtg achieve or maintain a desi re]\d or

predet ernin y685%h onl R SSFPR t%\'ﬂci' FIPMRYRES0 Ra PPt %o@ﬂﬂr@%@g Jhltigxis
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vessel . [20] In one enbodinent of an apparatus of t vent 1 on,
pl at f or m i scomvedideand isacapaile tadmovedenloisi ati leastsincee has of retation. The

col I apsj bl e_p|.atfor comes and then remains substantially | evel

Wt L hiS earRlats e MR TEs &faast Bhe  RiRul Re SEER i idhe e Hrpoupled
appar at us ofo afirRaknyea chattolidrBat OREHS FhbAEMBRITdT thel C8IR ai@l@f;ﬁi%ﬁh by
the central axis of the base nenber whereby the collapsible platform

i s rotatabl Broxking insleudionsr i asiivateothe imattsage apgnisermovg dbg gallapsible
anot her enbodi t . of _ ar r he. d: i : I bl e

platformi sﬁggggﬁ agfea%ﬁ%‘&ogﬁhgﬁ#ﬁgﬁivéer(Z%é%gs%troﬁ R?drégﬁnu'ﬁg %j ggﬁggﬂ] or
connector. orientation. Optionally a counterweight or counterweight system could be

15  installed on the opposite side of the vessel.

[020] In one embodiment of an apparatus of the invention, the platform is
movable to a predetermined position such that the collapsible platform

becomes and then remains substantially level with the earth’s horizon.

20
[021] In another embodiment of an apparatus of the invention, the
compensating arm is rotatable about the central axis of the base member
whereby the collapsible platform is rotatable about the central axis of the base
member.

25

[022] In yet another embodiment of an apparatus of the invention, the
collapsible platform is rotatable about the transverse axis of the multi-axis

connector.



6 [023] In yet another enbodi nent of an apparatus of the invention,
the collapsible platformis rotatable about the |ongitudinal axis of
the nmulti-axis connector. 5[024] In yet another enbodi nent of an
apparatus of the invention, the collapsible platformis translatable
about the |ongitudinal axis of the multr-axis connector. [025] In yet
anot her enbodi nent of an apparatus of the invention, the 10 apparatus

further co h:S C | | Ly trol_sy eratjvel .
connect ed {f@ﬁ%& e[ﬁ?eg%tt %@ﬁgj%ge%@g%dgﬁgﬁteﬁgo?ﬁp%éc%éggn@ﬁnﬁ“ di%vr?%'ﬁg’ the
col | apsi bl eophpsibler platioher iei fotaiadles aBbUDkhes YorigHudires ede f | thb omikt-axis
fromthe at | east one sensor or sensor package to effect novenent of
t he conpen$&NAGO&Er m 15[ 026] In yet another embodi ment of an
apparatus of the invention, the at |east one sensor or sensor package
conprises position and | evel sensors for detecting the yaw, roll and
pitch of the vessel body. [27] In yet another enbodi nent of an

appar at is ¢024]héni yatemnother embodinent lodpan bdpparbhust of niheotirateedioabdhe

the central_ axis, of the base ne rrin a,direction opposite.to the .
Girectt on GPTABTLE: WAlEHT ihdapaeLare iyt tid fPiaiddisel BRE ohievmbitfeds
axi s of thegygssgl body. [28] In yet another enbodi ment of an

apparatus of the invention, the 25 coll apsible platformrotates about

the |l ongitudinal axis of the multi-axis connector in a direction
opposite to the direction of rotation of the vessel body with respect

to the onghbadinale@hdil LHBOURRER oP - apparatus of the invention, the

10 apparatus further comprises a controller or control system operatively
connected to at least one sensor or sensor package mounted on the collapsible
platform, wherein the control system receives information from the at least one

sensor or sensor package {o effect movement of the compensating arm.

15 [026] In yet another embodiment of an apparatus of the invention, the at least
one sensor or sensor package comprises position and level sensors for

detecting the yaw, roll and pitch of the vessel body.

[027] In yet another embodiment of an apparatus of the invention, the
20 collapsible platform rotates about the central axis of the base member in a
direction opposite to the direction of rotation of the vessel body with respect to

the vertical axis of the vessel body.

[028] In yet another embodiment of an apparatus of the invention, the
25 collapsible platform rotates about the longitudinal axis of the multi-axis
connector in a direction opposite to the direction of rotation of the vessel body

with respect to the longitudinal axis of the vessel body.



7 [29] In yet another enbodi nent of an apparatus of the invention,
the collapsible platformrotates about the transverse axis of the
mul ti-axis connector in a direction opposite to the direction of
rotation of the vessel body with respect,to the transverse axis of
the vessel. 5 [30] In yet another enbodﬁnent of an apparatus of the
I nvention, the conpensating armfurther conprises at |east two arm

menbers, e I VO I : n 3
" yet - anot B2 elb ot ra AT AhBRehe, G2 Sl ShREratdh S o Pypift *He
col I apsi bl ecqllapsibde npkatfotrherotatrpratees thegatsansvielsd adtie bhghe[ OR3Ai-dxis
yet anot her enbodi nent of an apparatus, of the invention, the base
menber is aCRIPESP B2 EERARN PRIKPYS oriBeslitaetion of r9@§8|0f5g@9{63§%| body
[33] In yet ? ehpdi ~of the invention, the
col | apsi bl ewg}ﬁla% orc;[n S m; e o{gaagﬁgz?ﬁg,é‘éérézsi lient material.

[34] In yet another enbodi nent of an apparatus of the invention, two
or nore 20 supporting nenbers extend fromthe vessel body to the

col | apsi bl g tfor | n_yvet. _anot her _enbodi nent of, an_appar at ys
of the | nvatBPBn VAL 2talfts oPimRBE o are TRREAR v i ndpRE e
members. compensating arm further comprises at least two arm members, each pivotably

conneciable to each other at one end.

10 [031] In yet another embodiment of an apparatus of the invention, the

collapsible platform further comprises a gas-inflatable bag.

[032] In yet another embodiment of an apparatus of the invention, the base

member is adapted for connection to the deck of a vessel body.
15

[033] In yet another embodiment of an apparatus of the invention, the

collapsible platform is made of a fiexible, resilient material.

[034] In yet another embodiment of an apparatus of the invention, two or more

20 supporting members extend from the vessel body fo the collapsible platform.

[035] In yet another embodiment of an apparatus of the invention, the

supporting members are extending hydraulic members.

25 [036] In yet another embodiment of an apparatus of the invention, one or both

ends of each hydraulic member has a multi-axis connector.



8 [037] In yet another enbodi nent of an apparatus of the invention,
the col |l apsible platformextends along at |least a part of the length
of the vessel body. 5[038] In yet another enbodi nent of an apparatus
of the invention, an apparatus on a novagble vessel for providing a
platform for |aunching or |anding of aePial vehicles, conprises:

a base nmenber having a central axis and being adapted for nounting to

a vessel b . a_Go sati avi.ng.t ngds., first en

bei ng rmunﬁ@%nt clyqt ¥|§ %ﬁgg“eﬁrsﬁﬁgﬂp%[@%% ﬁue%o%%%@%&i Hg @Fm?%vee?wgn’ the
rot at abl e apoapsibleepledim adxtexds aRingt beldzes e pafagrihe length ofthe vessel
mul ti-axis connector adapted to be pivotably connected to a second

end of the b@élbfpensati ng arm 15a platform adapted for coupling to the
mul ti-axis connector, said platform being capable of novenent with at
| east two degrees of freedom at | east one sensor to sense
t hree-di nensi onal orientation of the platform and

5 [038] In yet another embodiment of an apparatus of the invention, an

apparatus on a movable vessel for providing a platform for launching or landing

of aerial vehicles, comprises:

a base member having a central axis and being adapted for mounting to

a vessel body;

10 a compensating arm having two ends, a first end being mounted to the
base member, and the compensating arm being rotatable about the central axis

of the base member;

a multi-axis connector adapted to be pivotably connected to a second

end of the compensating arm;

15 a platform adapted for coupling to the multi-axis connector, said platform

being capable of movement with at least two degrees of freedom;

at least one sensor to sense three-dimensional orientation of the

platform; and

one or more controllers coupled to the at least one sensor to process
20  sensor information and provide instructions to the compensating arm and multi-
axis connector to orient the platform thereby, to maintain a stable orientation of

said platform.

[039] In vet another embodiment of the invention, a method for launching and

25 landing unmanned aerial vehicles on a vessel body comprises:

positioning a collapsible platform adapted for connection with a vessel
body, said platform having at least one sensor or sensor package mounted

thereon;



one or nore controllers coupled to the at | east one sensor to process
20 sensor information and provide instructions to the conpensating
armand nulti-axis connector to orient the platformthereby, to
maintain a stable orientation of said platform [039] In yet

anot her enbodi ment of the invention, a nethod for |aunching and 25

| andi ng unmanned aerial vehicles on a vessel body conprises:
positioning a co i f 5 I 1 :
vessel body, sai%éﬁﬁgé é$n1vg&%ﬂg%gpﬂﬁgés |gﬁgyggﬁg%%bgﬁPgﬂ%%ggﬁapswﬁe
package noupkédrmheassanon iformation colected byt the abiezsktohedderisbe ov esesiebr
body independent of the collapsible platformbased on information

col | ect ed anéﬁ@ea@nﬂeast one sensor or sensor package:; and
self-leveling the collapsible platformto a position substantially
level with 5 thes@flaveliag e colapsinle rdtform itha rasitioapsibsitantilytew! yith
In at lebaSttHeh%%'Q%?iz% Hyohndkin Whga&?!gﬁgimg‘pfa%ﬁﬁgﬁt%tqgaﬁotbLeeecéfgs of
by the at | east one sensor “or sefsor package. n- anot her
enbodi ment aftatonrbaded upbn tiffermatiemtolected e the dtdasdt aneesdrisos @nsensor
or sensor pacﬁ? e further conprises |evel sensors to detect the yaw,
pitch and rB#¢f ‘t he vessel . [41] In another enbodi nent of a

net hod of the invention, the step of self-leveling further includes
the step of processing the information collected by the 15 at |east
one sensor [B0§elmsanoibaclcagdineat obmt methay of éhe inysttion] tharmbtidast one

mbodi t of t hod of t i ti t.he st f | f-1 '
P SR Bt e Lo RO, bt Bl G hetebiEhen
f](c)r ﬁonnectbm 568d tdhrorapEhvarsélbl e platform so as to effect novenent

of the

[041] In another embodiment of a method of the invention, the step of self-
leveling further includes the step of processing the information collected by the

15  at least one sensor or sensor package by a control system.

[042] In another embodiment of a method of the invention, the step of self-
leveling further includes sending instructions to a compensating arm adapted
for connection to the collapsible platform so as to effect movement of the

20 collapsible platform in response to the yaw, pitch and roll of the vessel body.

[043] In another embodiment of a method of the invention, the collapsible

platform is maintained in a desired or predetermined position or orientation.

25 [044] This invention may also be said broadly to consist in the parts, elements
and features referred to or indicated in the specification of the application,
individually or collectively, and any or all combinations of any two or more of
said parts, elements or features, and where specific integers are mentioned

herein which have known equivalents in the art to which this invention relates,



20col | apsible platformin response to the yaw, pitch and roll of the
vessel body. [43] In another enbodi ment of a nethod of the
invention, the collapsible platformis nmaintained in a desired or
predet erm ned position or orientation. [ 044] This invention may

al so be said broadly to consist in the rts, elenments and features
referred to or indicated in the specification of the application,

e ) o 1B B B B RO B Bl

i ntegers arseifmtd.i oned herein which have known equivalents in the art
to which this invention relates, 10 such known equivalents are

deened to be incorporated herein as if individually set forth. BRIEF
DESCRI PTI ON OF THE DRAW NGS 5[ 045] In order that the invention may be

better U”"%‘F@IE‘F"@E@@#IPW]ON@PTH’{E’@‘W'ING%‘C ect, reference will now
be made to The acconpanyi ng draw ngs, fm wii ch: [46] Figure 1 is a

perspecti v few. O i a | I pQsktian.
rount edbon (At T rrgly dBal S AleBiina) Be heel! GRESsbRanany it
i nventi on; pract[c4l Effetigueferdie willansh dhe wiage tofthé eeconipaapmighdawings, in
platformin a closed position nounted on part of the vessel in

accor dance Wili$th an enbodi ment of the 15i nventi on;

[046] Figure 1 is a perspective view of a collapsible platform in a closed
10 position mounted on part of a vessel in accordance with an embodiment of the

invention;

[047] Figure 2A is a side view of the collapsible platform in a closed position
mounted on part of the vessel in accordance with an embodiment of the

15 invention;

[048] Figure 2B is a front view of the collapsible platform in a closed position
mounted on part of the vessel in accordance with an embodiment of the

invention;
20

[049] Figure 3 is a perspective view of a collapsible platform when in use
mounted on part of the vessel in accordance with an embodiment of the

invention;

25 [050] Figure 4A is side view of a collapsible platform when in use mounted on

part of the vessel in accordance with an embodiment of the invention;



[48] Figure 2B is a front view of the collapsible platformin a

cl osed position nounted on part of the vessel in accordance with an
enbodi nent of the invention; 20 [49] Figure 3 is a perspective view
of a coll apsible platformwhen in use nqqnted on part of the vessel
in accordance with an enbodi nent of the ‘i'nvention; 11 [51] Figure
4B is front view of a coll apsible platformwhen in use nounted on

part of the S i C: } od] f t i i_an;
152 Fi gur el TSPl B 4B AE YLl BbolReSar el blen HssipleR bn
in use 5 nopatted tlenvesyd irpdcddigéanv@Eswith anrerabedirdn o thid hkeption;

enbodi mrent of the invention; [53] Figure 6A is a perspective view of

the coll apsible platformwhen the vessel is pitching in accordance
wi th an enbodi nent of the invention; 10 [54] Figure 6B is a front

vi ew of the I Wa]I=ch t ; S L i i i ;
accordance \[/35?91 g@ﬁbf)ggo %r@n{rﬁ%?%i?%gﬁ?%\r}gntzﬁi%o‘?\@apb%f%ﬁ&ﬁrgﬁwe ||nsusatle
per spectd vemaumbechfona padnpe tisatvasgehimmdosdidzmicengitht an 1émbadigesrdfof the
notion when, the,.vessel is pitching in accordance with an enbodi nent

of the invelPBICY [56] Figure 8A is a side view of the collapsible

pl atform when the vessel is rolling in accordance wth an enbodi nment
of the invention;

[053] Figure 6A is a perspective view of the collapsible platform when the

vessel is pitching in accordance with an embodiment of the invention;
10

[054] Figure 6B is a front view of the collapsible platform when the vessel is

pitching in accordance with an embodiment of the invention;

[055] Figure 7 is a perspective view of a compensating arm indicating its
15 range of motion when the vessel is pitching in accordance with an embodiment

of the invention;

[056] Figure 8A is a side view of the collapsible platform when the vessel is

rolling in accordance with an embodiment of the invention;
20

[067] Figure 8B is a side view of the compensating arm indicating its range of
motion when the vessel is rolling in accordance with an embodiment of the

invention;

25 [058] Figure 9A is a plan view of the collapsible platform when the vessel is

yawing in accordance with an embodiment of the invention; and



20 [57] Figure 8B is a side view of the conpensating arm indicating
its range of notion when the vessel is rolling in accordance with an
enbodi nent of the invention; 12 [059] Figure 9B is a plan view of
the conpensating armindicating its range of notion when the vessel
is yaw ng in accordance with an enbodi t of the invention. 5

DETAI LED DESCRI PTI ON OF THE INVENTICN [ 60] The present invention

will now b i bed.dn nnectlon th

erbod ment SO0t & IR Red A ViRl o/cBB oA gt A, BYEatRg it renge of
Figures 1, mdicn@hdB thel wsdsepiey é\ﬁn?;pmcééd&dam@%t%”gnfén%ﬁdlhﬁleﬁ%f tAd
respecti veI y, of a collapsible platformin its closed position
accordi ng fveaioBnbodi ment of the present invention. Figure 1 shows
part of a vessel body 10 and a coll apsible platform 20 operatively
connected to vessel body 10. Wen col lapsible platform 20 is in use,
it is stabilized to conpensate for notion caused by waves, currents,
w nd anfl ODETAINED DESQRIPTYOBEAF AiHE #VBENTIONS Col | apsi bl e platform
20 is capable of self-leveling or stabilizing in a nmanner to enable

the safe | gwtqh dehtamdéﬁigaroﬁvnm&& Heh@és&ibanh @talt 4 bapsédliod with
platform 2 shown in Figure 1, collapsible platform?20 is
oper ati vel Pr%féﬁ'ﬁécﬁ"@'@pd@eﬁtﬁ witl torthe &cprBOapgingtEawinigsan upper

surface or deck 42 of vessel body 10. Conpensating arm 30 includes a
base or base nmenber 32 adapted for nmounting on vessel body 10 where
base nenber 32 is capable of supporting the weight of platform 20 and
conpensat i @G Hr Midhes Comédnsad 2@ dlustriabe merspectiveersidachndidrant views,
pIuraIi&y of arm menber ssz}to all o flem?e " .

1 respectively, of a collapsible plattorm in its closed position according to an
embodiment of the present invention. Figure 1 shows part of a vessel body 10
and a collapsible platform 20 operatively connected o vessel body 10. When
collapsible platform 20 is in use, it is stabilized to compensate for motion
caused by waves, currents, wind and other motion during sea operations.

15  Collapsible platform 20 is capable of self-leveling or stabilizing in a manner to
enable the safe launching and landing of UAVs (not shown) on collapsible

platform 20.

[062] As shown in Figure 1, collapsible platform 20 is operatively connected to
20 a compensating arm 30 mounted on an upper surface or deck 42 of vessel
body 10. Compensating arm 30 includes a base or base member 32 adapted
for mounting on vessel body 10 where base member 32 is capable of
supporting the weight of platform 20 and compensating arm 30. Compensating
arm 30 may further include a plurality of arm members 34 to allow flexible

25 movement of collapsible platform 20.

[063] A multi-axis connector 36, attached fo an arm member 34, and ifs
associated controller (not shown) allow collapsible platform 20 to be operatively

connected to compensating arm 30. Multi-axis connector 36 allows platform 20



25movenent of collapsible platform20. [63] A nulti-axis connector
36, attached to an arm nmenber 34, and its associated controller (not
shown) allow collapsible platform20 to be operatively connected to
conpensating arm 30. Multi-axis connectqé 36 allows platform?20 13
to be maneuverable and to self-level by 'allow ng collapsible platform
20 to maneuver in at |east three axes of rotation. Preferably

col | apsi bl etoghgt ﬁ'l%ﬁ@h\%@r@ﬁfaes ahﬁetocééﬁ%ge\)ei wegﬁoﬁiﬂgpcg@%ﬁglé didork"%0 to

pitch, roll yaw o e vessel . e axe ion
correspond mantbeseinnaitleasisthesp exee of estatiynt Frefeesblglcdllapbiple platfera 20

and allow col | apsible platform20 to stabiljze itself for the |aunch
or capture B#S {Hieveanabilly pheomBensaling @h e Bfchuel ad aw fdhe 4889 d he

platform 2 It - @t i js i faupt
el | ber o g i rtébn KFRABDAE 19indee IndiorS BloakBRPed By /i /asSel
i ncl udess a when alt sey aofl allovwestiEpdiohg playidrald © stabiiz8 &selb érahe valnch or
connect ed t hrqugh ti,-axis connector 44 _.to the der si | 28, of

col | apst bl cCPTHE 6f HAYS W bRl ig ARG o) SSemedaipTags Dy gatrom 20
plurality oindifnptkisCorhBEo? 36351 balexgPTRENFRIUHSr ALMiskigRd move
correspondingly with the novenment of conpensating arm 30. Each of

hydraulic arns 38 is spaced apart fromeach other to support the
wei ght of 15 collapsible platform 20 as well as to enable effective

and effici pEn of .apsi | gt f i 38
are capabl @Eﬁrﬁggl ng ”gt qoggé%'aﬁhbgﬁrr@nggs&é& %D%Fmg&@g%# ;aulﬁlh‘[c}gggn%f
38 ar e Wapadttendihgekyerdiiogaamay 3andpteaelys cohaecvteds ¢hroughahkl awiti-axis
coll apsible platform 20 to be coll apsed and to operate as a El atform

when in useSOnBECHTAH Wyealdesside s giecqllapsibls aiatioan2Gand sxirdingiirew
vessel body,dlde| ph&) %?‘mrﬁé\}gmﬁiﬁnﬁ&d@gﬁ?%ﬁﬁé‘@Q%%Fst%Gm Qﬁ%aﬁﬁ%gﬂﬁ B0

controllers 48 are operati ecte ase conpensatihg arm
30, and nul and mdve coresponding\3&jth4ke MAGve &) oftayaperssa@ing4skmad. Aach

i |l ustrat ti iew, id 25 front yi f
col I apsi bl OTIVAFRIGAS0S aHdR SPACAAEPE PEreee) PLEiBIsuPprd the Weigky: of
I s subsitsant ¢abb¥ibROplaEBih 30 49 wail APREENSIE ettt a8 EfidentthoVanehl of

body 10. Collapsible platform20 further includes a floor or surface
24 i nt endedcallapsilespladfern A0auydiangc anmscid agnearaple afl havingat Upast three

o0t o2, Tbobs T AEROAL SLOLrRIECARL 8B SREIGLS avay and
towards the vessel to allow collapsible platform 20 to be collapsed and to

operate as a platform when in use. Each of hydraulic arms 38 is operatively

20  connected to vessel body 10, preferably by a multi-axis connector 46. One or

more controllers 48 are operatively connected to base 32, compensating arm

30, and multi-axis connectors 36, 44, 46.

[065] Figures 3, 4A and 4B illustrate a perspective view, a side view and a
25  front view of collapsible platform 20 when in use or when collapsible platform
20 is substantially horizontal to an upper surface or deck 42 of vessel body 10.
Collapsible platform 20 further includes a floor or surface 24 intended to serve
as a launching and/or landing pad for a UAV. Floor 24 may be a separate or
external surface of collapsible platform 20 and may be made of various
30  materials, for example, a rigid plastic or a mesh structure which will facilitate

the capture or recovery of a UAV. Alternatively, collapsible platform 20 may



30materials, for exanple, a rigid plastic or a nesh structure which
will facilitate the capture or recovery of a UAV. Alternatively,

col l apsible platform 20 may 14 include an inpact absorbing bag 22
(shown in Figure 2A), preferably inflataple, capable of the | aunching
or | anding of UAVs. Inpact absorbing bag*22 may be a gas-inflatable
bag made of resilient material so as to inflate only when in use and

dvant age ORURde engeskb ARSIt Retfe2Te ke Jo Rk Rl bre ot fatior,

hori zont al lgapank dfthdsaimshindor RIiNdirgpbf DAYS! i1epacs absorbir@Vbate22 may be
sufficient space for the launching and | anding of UAVs on the )
pl atform Bugasrétlataitie Pagrnade oh resilisnireateapksaas fo dnfate ot wher dr kse

space of t v ) 0%@% i a nar riaRel u

a recover y%fsl%gﬁ@kjng% é omnl‘)a C&o%aﬁﬁ%ﬁbgc@{\%%@%& 6&\715%[%%% HN e
recovery sysivantagecblitiesingna ataliepsibieg pldativem Z0ehbidéxtandshiesrizomtdilydesd
an arresti hqok, which engages the arresting |line en the UAV is
appr oachi né‘&pa nterry vertic! G033t il R ew‘sm#_ﬂcigahﬁpece%]qrﬁh@ faunching &nd
arresti ng 'Iér’itﬁn%%fQWWﬁ dm@@@}étﬁ?ﬁﬁf‘ bgﬁ‘ P roR G d tolg;lté’r it | Gk the
stop. The 15 UAV can then be recovered by renoving the UAV fromthe
arresting llimed dgki spaaklof thédgessalmy be counterwei ghts or a

count erwei ght system (not shown) on the opposite side of vessel 10 to
bal ance the wei ght of coll apsible platform 20, conpensating arm 30,
and any UAV. 20[067] Figure 5 represents the underside of collapsible

pl at f ong 2Q066ThiCHlapsiy bERBANED AlirtM@TiAciHEBs of ratRkADSHsté {rdit shown)
detecting the notion of the vessel and allowing the platformto

sel f - | evel foherrecayary of Ahs bhe pir¥K sgeovety s¥rigasinchilesmn aresing: line.

vessel, i.e: i : i,_%h%o L.Qf ;
the platf orqme ghge@oﬁ? r@a%ﬁ%%gﬂé rﬁgﬁé&mﬁe p amag%“%%é%ﬁ‘a%? g@g@h@gne
of col | apsivifien thea At is1proachioglid srsd. bT ke @ragsting hod®, witlrcoaplevaith dbs
| ocati ons throughqut coll apsi bl latform,20, [t i,s understood . th
hose oki | OGSO TRe. SRWIGH Tne afa it Bndrtinalispltdsr s SOBTGRSPp T he
may bejsempel yedPaP BeoRRRERd B MSBhg AReVBAY: ffns NS UirdRBRKE AR,
40 may i1 nclude notion sensors such”as rate sensors, |evel sensorsS,
gyr oscopi ¢ tinnely thérelseay bptdoeintgrweights ac biacoimtaraedght system (not shown)
on the opposite side of vessel 10 to balance the weight of collapsible platform

20, compensating arm 30, and any UAV.

20 [067] Figure 5 represents the underside of collapsible platform 20, which
comprises one or more sensor packages 40 for detecting the motion of the
vessel and allowing the platform to self-level. Preferably, a sensor package 40
senses the motion of the vessel, i.e., the yaw, pitch and roll, independent of the
motion of the platform. A sensor package 40 may be placed on the underside

25  of collapsible platform 20, on collapsible platform 20, or on various locations
throughout collapsible platform 20. [t is understood that those skilled in the art
will appreciate that appropriate sensor(s) may be remotely located onboard the
vessel as well. A sensor package 40 may include motion sensors such as rate
sensors, level sensors, gyroscopic sensors, fiber optic gyros, inclinometers,

30 orientation sensors or other sensors that senses the motion of the vessel.



30 orientation sensors or other sensors that senses the notion of the
vessel. 15 [068] A control system (not shown) for stabilizing the
platformis nmounted on vessel body 10 or on col |l apsible platform 20.
The control systemnay be in the forn1oq an analog or a digital
system For the purposes of this invention, it will be understood by
the skilled person in the art that the control systemis part of 5

the prior a ag &g W ; o Ep&l
cont rol sys{(ﬁesr?j)uégcs t hle\é}/éntlt’agﬁ @t%%@g?ﬁt?%?”ﬁ@ﬁeﬁéﬁggﬁﬂd? pacrfgg%eog
40, processesssehbedy nfarmat calapsbiapletiode AsThaicontosisystem may be in the

conpensating arm 30 for stabil)i,zjng and self-levelin 1 apsible . .
ol at f or m 2008 931 2Belog A Figial BEISm: MY eeufpesesasiys pertiep il

detects t hepawhbert@id beny akmel paken Wﬁ‘{@é@z’chét*‘tﬁ% reétoh%» S;Fs%rlnl @At of

yaw of the vessel, and provides this infornation e contro
syst em Pr etherpiiarygrt bhee sedswill tharstergenatthe elgborated an. plrhe alointrp! eystem

ti | evel t hat i d ition feedback to t
cont rol syste TR Safered o) 5 50s8L haklsddes Al PTaFReSSarS
i nstructi ongfdriationC AAPSRHAE iiMeratiths Go onifuMSHIES af@! 3R RS éié@i%i%igg and

platform?20 to a $ubstant|_al 'y horizontal position |evel with

earth' s hor$eibleveling eoliansitie etasformnneiap w4l Be@i@scmb%beloway det ermi ne
and preset the desired stabilized position of collapsible platform 20
with respect to the earth's horizon. 20 [070] Figure 6 illustrates a
perspective view of a conpensating arm 30. Conpensating arm 30 has
one endOnoutel Aceasbapackezebél dactBisemivhaf (B viessaldaptednige, the
nounting on _Vvessel body 10. Preferaply,, base nmepber 32 is adapted for
mounti ng 1 e dek and mwa;égﬁwe@éaﬁ . pw@e@pﬂ@%ﬂq@r@%m tQffee gentrol

conpensat i ?’;%/s?érﬁ? 3Praferahaprihedsé Morcoarragkl 20 dWnldlisdsZ® ﬂh‘ljatli{yE gi’(iri'r%tion

connect or which in turn is adapted fof connection wth or

col | apsi bl esgfisats or iev2d setsonsethghpravidaiposiondeapbacieto theptantedliygtam.

arm nmenber 4, arm_nenber 34 bej pi vot abl onnected,to.one
anot her. P?E r %@rﬁ@h %%ghﬂﬁli rPdoﬁ‘??'ﬁ g%ec aﬁ%eén‘it i s{nsf%t'%'i’?n o
menber s1534. cdvibdnisaRingSarp@BIER) farkivep coapdible pdasirmd®d @6 L£amaahigly
to collapsible platform 30 20. As nentioned above, conpensating arm

30 is capabluizentappsiientevel with thegearth’s horizon or to a predetermined position.
A user may determine and preset the desired stabilized position of collapsible

platform 20 with respect to the earth’s horizon.

20 [070] Figure 6 illustrates a perspective view of a compensating arm 30.
Compensating arm 30 has one end mounted to a base member 32. Base
member 32 is adapted for mounting on vessel body 10. Preferably, base
member 32 is adapted for mounting to a deck 42 of vessel body 10. The
opposite other end of compensating arm 30 is adapted for connection with a

25 multi-axis connector 36 which in turn is adapted for connection with or to a
collapsible platform 20. Compensating arm 30 comprises a plurality of arm
members 34, each arm member 34 being pivotably connected to one another.
Preferably, compensating arm 30 comprises at least two arm members 34.
Multi-axis connector 36 is in turn adapted for connection to collapsible platform

30 20. As mentioned above, compensating arm 30 is capable of movement in at



| east three axes of rotation to effect novenment of the collapsible

pl atform 20, which will be further elaborated on below. [71] Wth
reference again to Figure 6, conpensating arm30 is rotatable 5 about
the central axis X-X of base nmenber 32. é_%y rotating conpensating arm
30 about the central axis of base menbel®32 in either a clockwise and
countercl ockwi se direction, collapsible platform 20 is capabl e of

conpensat i a of

compensat 1o Shiok 0o e YERBH Sl GESBle BRI 20
| ongi t udi nathieixingl Iod fartreeredsisehtddoibaloat.e from 10 the i nt ended
course. The effect of yaw ng causes a vessel to rotate or to nove in

a sideways nmanner. Base nenber 32 contains appropriate sensors,
associated controllers, and notors to effect rotation about the

central axirgy ﬂ”%ﬁﬁergfé%ﬁwpa%%ﬁ? mbht%o%' tgo?nﬁ’ér%taftlﬂg”érﬁ? Cﬁd’isb‘?otatabie

stabilized or r ot at to a ned position
Col | apsbbl eabpuatﬁeocmtm) axss Kot af ahse nadgrober 8Re B;erntaiahg aqingedsatirgf arm
r 36. menti,o nect or

[ ti- d ab
s ahagtx'eﬁ ABGEH e /a0, B RS AReen 14 95 a8 RERMER o Shd

rotation Ofcoﬁﬁféré!%k\bisé dteRtibAr éﬁl%%sﬂ}?@%latfd?ﬁl 20 4s é‘ébﬁalé'df%@npensatmg
col lapsible platform 20 to conpensate for 20 pitching of the vessel

Pi t chi ng odelyawinger theeeseslseYawisgafdhe aesael daosrs nhes\ibe sesasl rotates

ccours. murBRUEs eOREANENS 1 BAL R sbUR.E S o B\ bl s drom
axi s, nber ey ireerddd beurse! athieosaut of hawie) taRsishh eegaltd estateabotst mbhe
Z-Z axis or longitudinal axis of multi-axis connector 36. The effect

of this compehsBfiPYRYS sSMEBNEhaBagsl MYPBP S5l Wi@nm epPiRPriateysensors,
bi i zed
s subst aneear o euat e A, TR O 2o FBELRL Rt A"

i s substantia earth rizon

| aunchi ng dmdthkeesidi rgusadcdiiapsibie dlaorm 20 to[ B&] stahilibed tdrerotated to a
reference to Fi ure g | | apsible platform?20 is rotatable about 30
the Y-Y axiP& Qﬁt tPa: \F@rsgt@”am s of nulti-axis connector 36. In this
case, _17 conpensating arm 30 may be either static or dynamc. Since
nul ti-a&Ri s connector 36 is adapted for connection with collapsible
platform 20, _rotation of collapsible platform20 about the Y-Y axis

of multi-alW&lc&inhepsible B@tf@ﬁ’ab?fééﬁ tdptahis iabout Preaceoirah 20s ol raft apli-
wthin a 1%%3@6?191%&0?56? ﬁé ln?é’f‘ﬁlo?\%la%%%'e?ln%ltl-ams connector 36 is adapted for

connection with compensating arm 30 at one end. The rotation of collapsible
platform 20 about the Z-Z axis allows collapsible platform 20 to compensate for
20 pitching of the vessel. Pitching occurs when the vessel rotates about its
transverse axis causing a forward-backward motion of the vessel. When
pitching occurs, multi-axis connector 36 is rotatable about its longitudinal axis,
thereby enabling rotation of the collapsible platform about the Z-Z axis or
longitudinal axis of multi-axis connector 36. The effect of this compensation is
25  that collapsible platform 20 will be stabilized or movable to a position wherein
collapsible platform 20 is substantially level with the earth’s horizon to enable a

safe launching and landing pad for the UAV.

[073] In further reference to Figure 6, collapsible platform 20 is rotatable about

30 the Y-Y axis or transverse axis of multi-axis connector 36. In this case,



5 platform20 to nove into a closed or fol ded position whereby
collapsible platform 20 is fol ded next to the vessel body (as shown
in Figure 1) or to open to a horizontal position (as shown in Figure
3) where coll apsible platform 20 can be_ ysed as a | aunching or

| anding pad. In addition, the rotation 3? mul ti-axis connector 36
about the Y-Y axis or transverse axis of multi-axis connector 10 36

al | ows col Imé@%&tﬁ.{gﬂa@mr%zga& 80%&5@{%&8{ d % i09 &b, e -axjs

vessel . Rol e vessel curs “when € ves |s rota ed abou

the | ongi t uchmactaxd® isvhdagted Vessahnectibe vty eottaptsisié platfdrap20 piotation of
platformzolgﬁs%atlo toth rollin actlon of the vessel w.ll be
expl ai ned i $P! i B, 24 oy e XY shdeueT inHlitaylsy eomnector 36 enables

conpensat i n%bl%r @]tflg@#)'la?fcﬁhs% %Wﬁfﬁ@%l%aﬁla‘)gg(_ﬁ ?ﬁ%.ilﬁééméli%st&ﬂapsm!e

| ongi tudi nal axis o ti-axis connector
conpensadt i ngatiorm 320 tto bwvexirdodadclveshra midedvposititomwhessiey dodldpsible

vessel | bocyPIaEmR ins0BeamedS et oy Tas anogha Fadirelti thyben
t he pi vot ablpes GRMBBAE %s&% V\ﬁ]atshsﬁ&% h Highret 3) fhefd BoBEISESpIform 20

wi thin conpensating arm 3 I's allows arm nenbers 34 to rotate
posi ti-vel y @n hedmedvas Iahnahlﬁﬂmfdan@lucrpes;‘a irbaéﬁ#tlem theotadation obmulti-

7 and 76 | P ePRareO AE vEine T DR BT RlT R e svul 2t s iicr

the vesigel 36 dloWehicolapdibibcplaliormC20r® vbepehbatev &FSRIlling ofoihat edssel.
about the vessel's transverse axis. This causes a person standin

t he deck ofR@'H@g\%ébave%elb@cwawhﬁuth%vw i 69 ab@uibﬁ@kmggudmal
the case of, ﬁ\ﬁ 138 LEERLI NEhd thdvRIEH d?fco'uaggpfee;@%‘gphﬁﬁ i Feﬁ’éc)tm[rhté) the

pi t chi ng of e vessel can cause serious amage

UAV for t akedint atidnlciride ngssa‘k&wlﬂ;bemplailnéwﬁ detoi béBw.when t he vessel
is pitching forward, collapsible platform?20 will tend to self-Ievel
to be level with the earth's horizon or at a predeterm ned position.
18 Col | apsible platform20 will be rotated in a direction opposite to

t he pi tighi r[Q?ﬂ};tA§§hé\9n¢@Fngﬂé@t @oﬁ%néﬁﬁw@éﬁrﬁ@o is %Ié&é)&eﬁéélﬂe'd%ng the
Figure 7A and latformw || be rotated backwards

conpensat e 4ér ameordhﬁamwwmﬁl cﬁXi& vé Welkaxis gonnector 36 This allows
compensating arm 30 to be extended toward or away from vessel body 10,

effectively shifting collapsible platform 20 toward or away from vessel body 10.
The movement of compensating arm 30 is effected by the pivotable connection
20 with the plurality of arm members 34 within compensating arm 30. This allows
arm members 34 to rotate positively or negatively in a manner such as to effect

movement of the platform extending away or towards the vessel body.

[075] Figures 7A and 7B illustrate the movement of collapsible platform 20
25 when the vessel is pitching. Pitching occurs when the vessel is rotated about
the vessel's transverse axis. This causes a person standing on the deck of the
vessel to be inclined to move forward or backward. In the case of UAVs
attempting to launch or land from the platform, pitching of the vessel can cause
serious problems or damage to the UAV for takeoff and landing. As shown in
30  Figure 7B, when the vessel is pitching forward, collapsible platform 20 will tend

to self-level to be level with the earth’'s horizon or at a predetermined position.



[76] Figure 8A illustrates the side view of vessel body 10 when it is
rolling, and Figure 8B illustrates the side view of conpensating arm
30 when the vessel is rolling. In an exenplary enbodi nent of the
present invention, Figure 8A shows the vessel rolling in a

count ercl ockw se dlrectlon about its 16”10ng|tud|nal axis. To counter
the effects of the rolllng vessel , conpensatlng arm 30 rotates about

88 in o oAepebe st &) Rl th FRBREEK 5 et FPiRiRe, B bisr Hidhing

this case, mcﬁtlctrhm \oafRinshte f&d tHan@item @tﬂyrue%@CIrpﬁlguréerﬂdlarr@icvaorihe
conpensatin rm30 will rotate about the transverse axis

mul ti-axis mcwélr bggoiatet barkaikissle qcynaem%aie|f@hthev\wéwafdmlt§!w§éb@

in the sensg %qackage 40 | ocated on col |l apsible platform 20 detect

t he roII|ng action of the vessel, information is sent to the control
system whi ch processes the informati on and subsequently sends
instructions to conpensating arm 30 to actuate and effect the

accar af nol 97 Figpie i FRSBates Tns Seyn otessel BrowIgUrRoaiL s fling,

control sysghanFiguré Sﬁ‘ﬁﬂds*ﬂ:‘étteé“lﬂﬁ’é %Hé Gv:e?v(/ B SSmben&athRNdrrh g0 Al ithe

a correspondi ng manner for collapsible platform 20 to stabilize. The
user or ope#rasdrs mellingr é3an axenplageeswbaiineentod thmmﬁerfbﬁn\remtlam bigure

required fqr |t -axis r 36 or the length.o nsi o
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[077] Figure 9A is a plan view of vessel body 10 when it is yawing. Figure 9B
shows the directional rotation of compensating arm 30 about the central axis of
base member 32 when the vessel is yawing. In an exemplary embodiment of
30 the present invention, when the vessel is yawing in a counterclockwise

direction about its veriical axis, compensating arm 30 will rotate



[ 78] The nechani cal operation of a |anding and | aunchi ng system of
the invention is effected by various notor and hydraulic systenms. For
exanpl e, 15 novenent of arm nmenbers 34 of conpensating arm 30 can
result fromhydraulic or electrical not b systens known in the art.
Rot ati on of base nenber 32 is preferabl3 based on electrical notors

I n base nmenber 32 or on deck 42. Myvenent of nulti-axis connectors

36, 44, 46 ; : ; Lgal | €S, '
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vessel body 10.

[078] The mechanical operation of a landing and launching system of the
invention is effected by various motor and hydraulic systems. For example,
15  movement of arm members 34 of compensating arm 30 can result from
hydraulic or electrical motor systems known in the art. Rotation of base
member 32 is preferably based on electrical motors in base member 32 or on
deck 42. Movement of multi-axis connectors 36, 44, 46 could be based upon
electrical motors or hydraulics. While longitudinal movement of hydraulic arms
20 38 is based on hydraulics, rotational or lateral movement of hydraulic arms 38
could be based on electrical motors. Examples of useful motors and hydraulic
systems can be found in the prior art or are otherwise known to those skilled in
the art. See, for example, U.S. Patent No. 7,299,762, incorporated herein by

reference.
25

[079] Although the invention has been herein shown and described in what is
conceived to be the most practical and preferred embodiment, it is recognized
that departures can be made within the scope of the invention, which is not to
be limited to the detalls described herein but is to be accorded the full scope of
30 the appended claims so as to embrace any and all equivalent devices and

apparatus.



1. An apparatus on a novable vessel for providing a platformfor

| aunchi ng or |anding of aerial vehicles, said apparatus conprising:

5a base nenber having a central axis and bei ng adapted for nounting

to a vessel body; a conpensating%ﬁrn1having two ends, a first
end being nmounted to the base nmenber, t he conpensating arm bei ng
rotatabl e about the central axis of the base nmenber; 10a nulti-axis

compensat i L npombr8esRoHBHERaY FRERCHIES hoyts SHRfiatEs Bk o
mul ti - axi s spesifeth®rpresanct pt atdted nicbirgg, Gapgdrse sefpsrey eeiiondntd bat

| east two degrees of freedom at | east one sensor to
sense thr eéiﬁaﬁ mspr@ﬁwdeomeem%iar@ﬁ of agfidionspl ape Rninosapther featuggse
or nore co Je€ 0 t ne sensor to process
sensor .nfgﬁéﬁ%.bﬁﬁgﬁngbﬁgn'@Sfﬂ§¥§%P%ﬁ§i%°?0 t he conpensating arm
and nulti-axis connector to orient the platformthereby, to maintain
a stable orientation of said platform 20 2. The apparatus according
to claim1, wherein a predeternm ned position or orientation is such
that the platformremains substantially level with the earth's

hori zon.



22 4. The apparatus according to claim3, wherein the nulti-axis
connector has a transverse axis and the platformis rotatable about
the transverse axis of the nmulti-axis connector. 55.The apparatus
according to claim2, wherein nulti-axi?1connector has a | ongi t udi nal
axis and the platformis rotatable about 'the |ongitudinal axis of the
mul ti-axis connector. 6. The apparatus according to claim2, wherein
mul ti-axis connector 10has a longitudinal axis and the platformis
transl atabl e about the |ongitudinal axis of the multi-axis connector.

7. The appa Ah S according to claiml1, further conprising a
controller gpa*a—tsl vely connected to at |east one sensor nounted on

the platform 5Wn ein the controller ecelve nformation fr
| cast one_sehsbr t B IRRAISHEY Bheit MGrabRe VRt db NG rh PO for

The apparat us I@Qﬁ@ﬁlﬂgﬁﬂ!érﬁmﬁé@fﬁbﬁal VeipRN &4 %aﬁd‘ﬁp&éra&%mﬂﬂﬁnéensor
conprises position and level sensors for detecting yaw, rol

pitch of the a base member having a central axis and being adapted for

mounting to a vessel body;

a compensating arm having two ends, a first end being mounted to
the base member, and the compensating arm being rotatable about the

ceniral axis of the base member:

10 a multi-axis connector adapted to be pivotably connected to a

second end of the compensating arm;

a platform adapted for coupling to the multi-axis connector, said

platform being capable of movement with at least two degrees of freedom;

at least one sensor to sense three-dimensional orientation of the

15 platform; and

one or more controllers coupled to the at [east one sensor to process
sensor information and provide instructions to the compensating arm and
multi-axis connector to orient the platform thereby, to maintain a stable

orientation of said platform.

20
2. The apparatus according to claim 1, wherein a predetermined
position or orientation is such that the platform remains substantially level
with the earth’s horizon.

25 3. The apparatus according to claim 2, wherein the platform is rotatable

about the central axis of the base member.



20vessel body. 9. The apparatus according to claim11, wherein the
vessel has a vertical axis and the platformrotates about the central
axis of the base nenber in a direction opposite to the direction of
rotation of the vessel 25body with res t to the vertical axis of
the vessel body. 23 nulti-axis connect in a direction opposite to
the direction of rotation of the vessel with respect to the

| ongi tudi nal gxis t I . . e app agecor di -
claim1l, vvherg"r n tﬁ@evg‘gyg\éfﬁggd?%ﬁg@@ él%t r%%'&/ergsg\&gé'i%zn aﬁ% tﬂgﬁ;%}@
pl at f or m r ot aiceanattotthashe ttaranemsey arisaand tieé pldttormulig iretatatse about the
connector in a direction ofpposite_ to the direction of rotation of the
vessel with r&@He¥erse@Xhel hedndiiedeceniactet the vessel body. 12.
The apparatus according to claim1, wherein the conpensating arm

10f urther conprises at |east two arm nmenbers, each pivotably
connectabl e to each other at one end. 13. The apparatus according to
cl ai m 15 wher éi. n t Abepappdratus docarbity tonriains2swhegis -moki-aiawoanbaigr

has a longitudinal axis and the platform is rotatable about the longitudinal

axis of the multi-axis connector.

6. The apparatus according to claim 2, wherein multi-axis connector
10 has a longitudinal axis and the platform is translatable about the

longitudinal axis of the multi-axis connector.

7. The apparatus according to claim 1, further comprising a controller
operatively connected to at least one sensor mounted on the platform,
15 wherein the controller receives information from at least one sensor {o

effect movement of the compensating arm.

8. The apparatus according to claim 7, wherein the at least one sensor
comprises position and level sensors for detecting yaw, roll and pitch of the

20 vessel body.

9. The apparatus according to claim 1, wherein the vessel has a
vertical axis and the platform rotates about the central axis of the base
member in a direction opposite to the direction of rotation of the vessel

25 body with respect to the vertical axis of the vessel body.

10. The apparatus according to claim 1, wherein the vessel body has a

longitudinal axis and the platform rotates about the longitudinal axis of the



15 14. The apparatus according to claim1, wherein the base nenber

I s adapted for connection to an upper deck of the vessel body. 15.
The apparatus according to claim1l mherein the platformis nmade of
20a flexible, resilient material. éﬁe apparatus according to
claim1 wherein the platfornlextends aI g at least a part of the

| ength of the vessel body. 24 18. The apparatus according to claim

17, wherein thr%LﬁtY‘Q §%ﬂ é&l‘o gn Eﬂ(?ne oQVedf bl dir TR %rf%t tid of the
r Shenber

The appar at us accofr |ng In eac suppo

has two ends, esssel omerres;nat&ltnytim)mlg&ddmal axiouf the wdss| boﬂylect or.
20. A nethod for launching and | andi ng of unmanned aerial vehicles,
conprising: positioning a platform adapted for connection with a
vessel ;

11.  The apparatus according to claim 1, wherein the vessel body has a
5 transverse axis and the platform rotates about the transverse axis of the
multi-axis connector in a direction opposite to the direction of rotation of the

vessel with respect to the transverse axis of the vessel body.

12.  The apparatus according to claim 1, wherein the compensating arm
10 further comprises at least two arm members, each pivotably connectable to

each other at one end.

13. The apparatus according to claim 1, wherein the platform further
comprises a gas-inflatable bag.

15
14.  The apparatus according to claim 1, wherein the base member is
adapted for connection to an upper deck of the vessel body.
156.  The apparatus according to claim 1 wherein the platform is made of
20 a flexible, resilient material.
16. The apparatus according to claim 1 wherein the platform extends
along at least a part of the length of the vessel body.
25 17.  The apparatus according to claim 1, wherein two or more supporting

members extend from the vessel body to the platform.



10sensing the novenent of the vessel independent of the platform
based on information collected by at | east one sensor nounted on the
pl atform and self-leveling the platformto a position
substantially level with the earth's hg% zon by noving the platform
in at | east two degrees of freedom 15b d on the information
col l ected by the at | east one sensor. 21. The nethod according to

cl aim 20, V\/ner further ripses | evel
sensors to det Ct bﬂg %%R/ér%gfst 8%9&5@%'% agtq iﬂew\pgegﬁlthg%vo g‘épp"lfﬂ'élg
met hod accor dingmberscarel ipd2duliowentens.t he step of self-1eveling
further includes the step of processing the information collected by

the at | east one sensor by a control system 2523.The nethod
according to claim 22, wherein the step of self-leveling further

| ncl udes sendiqag | Ak ggéé%% tRcBrdiR ”%%Ilm”QYar\Wl%gﬁPte%@hf 0 pporting

connection to the pl at mso as to effect novenent t he pl at orm
i n respbnset onhayber, pas thmadds| danht dpmrathedy coupled o a multi-axis connector.

20. A method for launching and landing of unmanned aerial vehicles,

comprising:
positioning a platform adapted for connection with a vessel;
10 sensing the movement of the vessel independent of the platform

based on information collected by at least one sensor mounted on the

platform; and

self-leveling the platform to a position substantially level with the
earth’s horizon by moving the platform in at least two degrees of freedom

15 based on the information collected by the at least one sensor.

21.  The method according to claim 20, wherein the at least one sensor

further comprises level sensors to detect the yaw, pitch and roll of the

vessel.

20
22. The method according to claim 21, wherein the step of self-leveling
further includes the step of processing the information collected by the at
least one sensor by a control system.

25 23. The method according to claim 22, wherein the step of self-leveling

further includes sending instructions to a compensating arm adapted for
connection fo the platform so as to effect movement of the platform in

response to the vyaw, pitch and roll of the vessel



