1 APPARATUS AND METHOD FOR LAUNCHI NG AND LANDI NG OF AERI AL VEHI CLES
FI ELD OF THE | NVENTION 5 [001] The present invention relates to an
apparatus and method for | aunching and | andi ng unmanned aeri al’
vehicles. Mire particularly, the invention relates to an apparatus
that provides a collapsible platformfor | aunching and | andi ng
unmanned aerial vehicles. 10 BACKGROUND C1F THE I NVENTION [2] The use
of unmanned aerial vehicles (UAVs) in reconnai ssance m ssions,

survei | | ance operat i onsAﬁmmusnmgfmmmnﬁroﬂqmwb@nﬁeand bor der
patrols, has been gaining w despre lﬂl(gopu arity due to 1ts proven

efficiency and effectivenedNPDHANR Q&AERENSVEII'HCE\E%S wher e
manned flight operations 15 are highly dangerous or pose arisk to
security, UAVs have provided a relatively | ow cost alternative to
obtain access to these areas. [3] Despite its relatively | ow cost
and char act erfIELDCQF MABINIENTION ze as conpared to manned aeri al

vehi cl es, the recovery of UAVs has proven to be a 20 chal |l enge,
particul al y [0®1]a TlhA\prbsemirjevesrttTpngeMes’eaan spdratusenalv@ethcslyfet Bmcbrhg
t he deck of a vess
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deck space. Itp sdgbpidrafus thaepiovhiReen ol bRittofrhi 66 lathcMAY arlieiaRging
subj ected to hi gher accel eration and decel eration forces than

convent i onal YERTERNASHREYRUCIBSve 25 made the UAVs prone to being
damaged upon landing. [4] To circunvent the problemof |imted deck
space and safety concerns, attenpts have been nade to recover UAVs

of f the deck of a vessel. For exanple, net-based recovery systens
conpri si N§ a BAEKSRUINGLI AhE NVENTION

[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 fo 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 fo 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



2 deck of a vessel or off the board of a vessel have been used to
capture an UAV while in flight. U S. Patent No. 7,059,564 discloses
an aircraft that can be captured by a recovery line in flight, a
process that is aided by a |ine capture device having a retainer with
two portions spaced apart by a distanceé?reat 5 enough to receive the
recovery line. U S Patent No. 7,143,976 di scloses a UAV arresting
hook coupled to an UAV that facilitates the capture of the UAV via a
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platformis tfze apramwelw sa/stﬂra,t flbBnPetest Nmer?rﬁtgsi%%ﬁeclaaels apetatgble boom

| aunchi ng an Iandln .an alrpl ane under v, ng gondi t4.0ns
However | Csucie it PoRsiRd S T0F oHPEThacOAYsrRCRERE quBRE: patems
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platformbasedsste di sclosed jn U S gy No. 2,160, 449. A
f1 oati ng!@ndeCENEYI] %rsrﬁélfli tﬁ|°§#ﬁ%ﬂﬁma§eﬁ?§1\ﬁH at the stern of a
ship, which platformis foldable or can be slid in and out. The

pl atformreaches 25 down to the water surface and is intended to

facilitate receipt of water aircraft. However, such a platform
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which provides for a floating hangar for airplanes. A supporiing platform

15  extends downwardly toward the water and is pivotably rotatable about the side

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 o adequately land safely.

[006] 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 o the water surface and is intended to facilitate receipt of water alrcraft.
However, such a platform requires the vessel {o 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



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 position 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] In sone of the recovery systens disclosed above, the vessel
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al l owi ng a UlMniayd tanbe ala\sea vvithout 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. It should not be taken as an adm ssion that any of the

material formgog m@éém@foflﬁé?re%b@ér‘? é?étefrﬁbed@élbs&iaﬁcﬁl% Weﬂ@m&rﬂ% to
know edge in the rel evant art anywhére on or before the rlorlti'n dat e
ether

of the di scl #Sustationy &¢ RerBit iwesaledanding of eatasiighvehigle aroairanaft.d
representgti %ﬁ)pﬁéatfo thtﬁecglbtﬁ'ﬁ%é ?%(?dll%e%‘%a H{(?E%ﬁlcbf rﬂgﬁ%aﬁe?t Bfg
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document s. %e%ﬂeEg%g% aTlJE'Fa mayN}-mgl\fandmg on a platform challenging as the
platform is subjected to the varying movements of the vessel, causing the
platform fo be unstable for a safe landing.

15

[008] There is, therefore, a need for a UAV recovery system that is capabie of
allowing a UAV io land at sea without any of the problems described above.

[010] Any discussion of documents, devices, acts or knowledge in this
20 specification is included to explain the context of the invention. [t 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 fo the correctness of the date or contents of these documents.



[011] It is an object of the present invention to provide an inproved
platformfor the |launching and | andi ng of unmanned aerial vehicles
(UAVs). 5 J12] It is also an object of the present invention to
provi de an inproved platformfor the safe | aunching and safe recovery
of UAVs. [13] It is a further object égf the present invention to
provi de an inproved 10 platformthat is tapable of safe | aunching and
safe recovery of UAVs when the vessel is pitching, rolling or yaw ng,
either alone or in conbination. [14] It is a yet further object of
the invention to provide an inproved col |l apsible platformthat

m ni mi zes t h@BJREKHOFJEHMRGSVENTION UAV. 15 [15] It is a still
further object of the invention to provide an inproved pl atformthat
m ni mi zes t hf0idpaltds takujedof tthe poesekt dfventien e papide an imprdved]platforins

a still furt ved

pl at f orm 20 Faﬁé?e?tdéﬁgﬁmﬁ]aﬂﬁ%qdl ﬁﬂﬂ@g?%é%%ger%ggﬁfﬁ? r@%ﬂ andi ng
UAV. [17% It is a still further object of the present invention to
overconme,“or at |east substantially anel i orate t he di sadvant ages and
shortcom ngs f tp pr.i or aél tt2 &h18 se ad of her obj ect.s an d
advant ages o tJp e @n ARIEARL PHANS\ ?S cBYE! ‘r?Brl‘é’ BiY&Fe At 'Wé‘ﬁ‘fe
the foll ow nglaﬂﬁﬁﬁl‘ﬁbrﬁhb@afe |kaK&Hing Bnd eaRaeto Rty WF UAVshe acconpanyi ng
drawi ngs, wherein, by way of illustration and exanpl e, an enbodi nment
of the present invention is disclosed. 5

[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] 1t is a yet further object of the invention fo provide an improved
collapsible platform that minimizes the risk of damage fo the UAV.

15

[015] It is a still further obiect of the invention to provide an improved platform
that minimizes the space taken by the deck of the vessel.

[016] Itis a still further object of the invention to provide an improved platform
20  that cause minimal damage to the vessel from a landing UAV.

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

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

25 [018] These and other objecis 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.



SUMVARY COF THE | NVENTI ON [19] According to the present invention, an
apparatus for a collapsible launching and I anding platformfor a
vessel conprises a conpensating arm a nulti-axis connector connected
to the conpensating arm and a collapsible 5 platform optionally

wi th supports. The conpensating arm has %irst and second ends, the
first end being nmounted to a base nenber “adapted for nounting to the
vessel . The second end conprises a pivotably connected nulti-axis

connector. TheyppiArepeiFTBEINdENGIGNI S adapted for coupling to the
nmul ti-axis conAnector and 1S capable of novenment in at |east three

axes of rot af | §-2PSi m_ha
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i nvention, t

of the base %gngé)&gwﬁﬁ éDBQQ eénglg F@?m i g{rhr%é%]gx‘%%tgg &% :ogr%f The
about t héOceersaﬂstp&ammtlms bia]eesﬁmﬂasensor[oE%]eMm Mag@mmes coupled

enbodi ment of,_a ar at us o e |n ention tfo
e ot at abl o B0 B8 Pl B8 SR i elwentpf PeudfiEnabf. Sefor

6 [023] In y@iroxamaghmmr@csﬂmdlweabtme dhe appEéat Umdoto tievd ﬂVee%bHéb"hible
the collapsible platform.is rotatable about the |ongitudinal axis of

the mul ti - axi ndt hieve qhomaintaing g dgaiRhedr SFFtRITREIREd gposdfipn or

appar at us of otneﬁta«uanenbpfﬁenanm e&mt@%@hteoplcahﬁ@m.gﬁt 'SheRs abal! e
about the |ongitudinal axis the nulti-axis connect

15  installed on the opposﬁe 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.



[025] In yet another enbodi nent of an apparatus of the invention, the
10 apparatus further conprises a controller or control system
operatively connected to at | east one sensor or sensor package
nounted on the collapsible platform wherein the control system
receives information fromthe at | east one sensor or sensor package
to effect novenent of the conpensating fm 15 [026] In yet another
enbodi nent of an apparatus of the invention, the at | east one sensor

or sensor pa e..C rj pPQSh L nd: |_ev or r. i
the yaw o R ooPEr B 8 pEb o g oR” BbnSeR° 5k, & 5T b, 48
enbodi nent otolEpsip pistfons f ratdeblenzieniti the, lohgieuddthal calid ap thdlreulti-axis
platformrotates about the central axis of the base nenber in a
direction opp9dt9%¥t o the direction of rotation of the vessel body
with respect to the vertical axis of the vessel body. [28] In yet
anot her enbodi nent of an apparatus of the invention, the 25

col l apsible platformrotates about the | ongitudinal aéiégot t he
mul ti-axi$ ctidéciioyel Rnrthar: ebrainepe’siahe 2PBaieHS & ridet inygntan. the

rotation of EHEKRRS BlatBRANs Wahbiatf50 865ut PelBSg i R YA Hothe aNiIB-Rfs
the vessel body. 7 [29] In yet another enbodimnent of an apparatus

of the inventomrectarhe col | apsi bl e platformrotates about the
transverse axis of the multi-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 enbodi nent of
an appar at us[a#5] t e yehaewthernembbdinenipehsat apgamiun fair theeinveotip,i thes

at | east, i wo L ARMGhRer $RA{briEY LN SRINBE! B0kiort SySBH" PPSiveRf

one end.
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 to 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, rol 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,



10 [031] In yet another enbodi ment of an apparatus of the invention,
the collapsible platformfurther conprises a gas-inflatable bag.

[032] In yet another enbodi nent of an apparatus of the invention, the
base nenber is adapted for connection to the deck of a vessel body.
15 [33] In yet another enbodi ment of an_apparatus of the invention,
the collapsible platformis nade of a flgxible, resilient material.
[34] In yet another enbodi nent of an apparatus of the invention, two

or nore 20 s rid n'?igé S t;

col | apsi bl e 'Si agf E)dr :}{Qt fférlgrtl9 yet ﬂﬂ%rﬁ)t{ %g}éﬁﬁ?ﬁfaﬁr@%tag?year%ﬂ\é%dgﬁpht%%
of the invencpiapsibitepitfppor tdtaigsnebbelr dhar tarsvessli ags hefdrthal muilti-axis
menbers. 8 ' ot her odi ment . of aratus of the

i nvention, t ﬁégi%(%t?'g@sg§fr%&&na$qp&sﬁ$29<ﬂ}ﬁﬁge%ﬂogn%nrgfa%@fz:th%vﬁ%ﬁeﬁ b8fiy
the | ength ofvithhrespes sethebipahsvebse H@&BHf the veeselanot her enbodi ment  of
an apparatus of the invention, an apparatus on a novabl e vessel for

provi di ngsa platformfor |aunching or |anding of aerial vehicles,
conpri ses: a base nmenber having a central axis and being

adapted for pEaopt iMgset OarfbtM&s spibdeRfidnt $Paars HipRRRAs | H¥ i MhikditboRY the
two ends, a tirst end bei n]g mounted to the
compensating arm further comprises at least two arm members, each pivotably

connectable fo 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 flexible, resilient material.

[034] [n yet another embodiment of an apparatus of the invention, two or more
20  supporting members extend from the vessel body to 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.



base nenber, and the conpensating arm bei ng rotatable about the
central axis of the base nenber; a multi-axis connector
adapted to be pivotably connected to a second end of the conpensating
arm 15a platform adapted for coupling to the multi-axis connector,
said platform being capable of novement with at | east two degrees of
freedom at | east one sensor to s®nse three-dinensional
orientation of the platform and one or nore controllers coupled to

t he at | east- ensoer_ 1 r . S r ti-op _a . QVi
nst ruot | ans K0T {6 SE6rastadl BRESIRE MY ePPadil nfecieRigt R
ori ent the pkalipsive pheforbysxitodsraiontadtrieastss alalteofotheeclrhgihi onthef vexaied
pl atform 039] In yet another enbodi nent of the invention, a
met hod for |38 hi ng and 25 | andi ng unnanned aerial vehicles on a
vessel body conpri ses: positioning a collapsible platform
adapted for connection with a vessel body, said platform having at

| east one_sensor or sensor package nounted thereon; 9 sensi ng

the nmovenent (6] t e ¥ebs3Wthgo gnbcRlagEnabin APPaFEUE ofl Hisiigyantion, an
platform basﬁﬁpé}gﬁdé’ﬁrpé TRVaBI $skPEE BEbRNG BidfortnSBs lauRBfing SF &Iy

sensor package; ¢ _ _
of aerial vehicles, comprises:

a base member having a central axis and being adapied for mounting to
a vessel body;

i0 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 connecfor adapted 1o 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 fo 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 yet 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 platiorm having at least one sensor or sensor package mounied
thereon;



self-leveling the collapsible platformto a position substantially
|l evel with 5 the earth's horizon by noving the collapsible platform
in at least three axes of rotation based upon information collected
by the at | east one sensor or sensor package. [ 40] In anot her
enbodi nent of a nethod of the invention, .the at | east one 10 sensor
or sensor package further conprises | evel® sensors to detect the yaw,
pitch and roll of the vessel. [41] I n anot her enbodi nent of a

met hod of the inv LR z q%%lg,i‘ '
the step of pr oce?gﬁ%{ggg%%%ﬁ@%ﬁgteftgﬁajgfgf%lect dn%ﬁét’l{?tghﬁéﬂa?%e st e
one sensor orplatimeobagescadgfobyativrcoritectdd by sheat legst 2helsenaootheensor

enbodi nent of a g@é o% of the invention, the step of self-I|eveling
further incl &@eg endr'ng instructions to a conpensati ng arm adapt ed

for connection to_t col | apsi bl e pl at m so _as to effect vement .
of the 20col | apsi 8?@%)‘1%% g?%&l?pﬁg’é%i%%fmgo EHROSIGN Slﬁﬁ%ﬁ’gﬁ%g‘wﬁg}“’fth
of the vesselihdedith's Hotbn by moGhE ke eBEitIE MatRimannR b teketh@s of
invention, the coll apsible platformis maintained in a desired o

;
pr edet er mi ned°i8Sn LRsRd §poRifRRpaiquerliestsddamiherdiigast Rrentsnsar pagensor
al so be said Eggﬁié_y to consist in the parts, elenents and features
referred to or Indicated in the specification of the application,
individually or collectively, and any or all conbinations of any two

"ht egers ar o WAL Mot BRIl SFAVHEERy A B PRl 85 R est gpe
t o whi ch 10hi sehsorent sersor glaskage furth@r ooalprises Wavet Gehyalsciot detadctethe yaw,

deened to be plitgl‘?%;‘l %E%thek\ll%gseélp as if indivi dual ly set forth.

[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 atleast 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 ancther 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,



BRI EF DESCRI PTION OF THE DRAWNGS 5 [045] In order that the invention
may be better understood and put into practical effect, reference

w Il now be nade to the acconpanyi ng draw ngs, in which: [ 46]
Figure 1 is a perspective view of a collapsible platformin a closed
10 position nounted on part of a vessel in accordance with an

enbodi nent of the invention; [47] Fidlre 2A is a side view of the
collapsible platformin a cI osed position nounted on part of the

vessel in ac t

Fraure 28 | odut pan ShalBReHiE s ots hOFpar Sy llentEe inddheany
posi ti on nousgiEdrtan part of the vessel in accordance with an

enbodi nent of the invention; 20 [49] Figure 3 is a perspective view
of a collapsible platformwhen in use nounted on part of the vessel
in accordance with an enbodi nent of the invention; 11 [51] Figure
4B is front RREFFOESCRETIQRSDBITRIEDHREVANGSNeENn in use nounted on
part of the vessel in accordance with an enbodi nent of the invention;
[52] Figuse fpdsp mnomyiefh%t dRe ViheantRh H§ 66l haRrs brh@er@tbaaf@:ﬁdnpmetﬁto
in use 5 nounted o art of the vessel in accordance wth an

enbodi ment opram@aluaf&@htrﬁfﬁﬁencq wilnow gareadala heagempsayinovlavings b
t he col I apsi phgypl atform when the vessel is pitching in accordance
wi t h an enbodi nent of the invention;

[046] Figure 1 is a perspective view of a collapsible platiorm 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  inveniion;

[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 plaiform 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;



10 [54] Figure 6B is a front view of the collapsible platform when
the vessel is pitching in accordance with an enbodi nent of the

i nventi on; [55] Figure 7 is a perspective view of a conpensating
armindicating its 15 range of notion when the vessel is pitching in
accordance with an enbodi nent of the invention; [56] Figure 8Ais a
side view of the coll apsible platforn1mh%h the vessel is rolling in
accordance with an enbodi nent of the invention; 20 [57] Figure 8B is

a side view h t

whon the vesadr !t & GBPPRNE P UsL BRI Pk in B e e SRR or
i nvention; Ifar{ &Bbg v&sylmﬁacﬁﬁrd&nw vatrean gimdodipdertt lo@ theoinpestat | ng arm
indicating its range of notion when the vessel is yawing in

accordance with an enbodi nent of the invention. 5 DETAI LED
DESCRI PTI ON OF THE | NVENTI ON [60] The present invention will now be

descri bed i n [082]aiFigira & anaecindersivé Mé\npbﬁﬂﬁa* f;@ﬂhp%ml@@tam&hs\wmﬁ I'h use
reference to the a(gcorrpanylgﬂm]draw ngs. [61] Figures 1, 2A and

i |lustrate pdPQiyEes Ve Pag yepsein geerdance with an embodiment 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 BA is a side view of the collapsible platform when the vessel is
rolling in accordance with an embodiment of the invention;

20
[057] 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



10 respectively, of a collapsible platformin its closed position
according to an enbodi nent 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,
wi nd and other notion during sea operatildns. 15 Col | apsi bl e platform
20 i s capabl e of self-leveling or stabilizing in a nanner to enabl e

e P bR o SR, B (5B R R SRELIE R B

operatively gRAPRGIRG @ \Zé?ssa ROVEARG 3 I 8orfafts QifFOER e@sh@iimat Siper
surface or deck 42 of vessel body 10. Conpensating arm 30 includes a

base or basel"¥efi#8: 32 adapted for mounting on vessel body 10 where
base nenber 32 is capable of supporting the weight of platform 20 and
conpensating arm 30. Conpensating arm 30 may further include a
plurality of arm rrenbers 34 to aI | ow f I exi bI e 25 novenent of

col | apsi b¥ e BEZ g 3 X nector 36, attached to
an arm menber 34, and its assom at ed control | er (not shown) allow

col | apsi bl e [pI6at fﬁnmpmenblnbenmwéitnweby dasnnlwﬁ nsddetalt coopereston mith

arm 30. |\/Ll|tl-ﬁXIS g&cto %B f R

maneuver abl e SEPATeNt It ferarefise, ?18“ c%‘f‘ﬁ‘)&%”%i”@ &6?”3{91987 m 20 to
maneuver in at |east three axes of rotation. Preferably collapsible
pl atform 20 has the capability of conpensating for the pitch, roll

and yaw of t sel . t hr ee ax f. rotation cor.res t.hese
ot i e expeltPAhaditsp §neA doberBs TinbionPolbaSi S oAt diars Pt e
pl at form@0 tRpstinkiy, i&%'d}ﬂ@ééblé%laﬁé}m liruectlogsd papition eac@f)rd#@\/& an
when in use. The ran%e of notions of coll apsi bl eu%eatform 20 and

mul ti-axis cBMRBEMAN 861G Prese ’BY@HI“&f‘ne:dglﬂrﬁ T ehareparyef divesyiody 10

[64] Optionahhya &MbhapR| ﬁlét?orm 2@fo‘ééfﬁt@@lyaéo‘?ﬁefzﬂéﬂttbﬂfeséé!%d&eﬂl aWhen
plurality of 10 extendi ng raulic arns operatively connected

through a nufellapailes p@ﬁ@ﬁ@c)@/@)ris 40, wse tihds @tﬁi@rzgfﬂd@ gm@anwwfapgncztm@
platform 20 and gxbg%"'édé% TLATHESHRYE ARy 5%&? gﬂ@n RIhg! 4o o@fer tion
¢t di ng ng y

hydraul i c_arms si st conpensating arm nove correspon
wi t h t helfoventansié ptatiopenhis capabiaroBeeii-Exelingér sigdilizingiic samapngsto

I's spaced apgfl,Lnam sea?gl?al%crlllﬁ{g LRd SHRARG tort Bﬁvg\e(ingptsh&];m) on collapsible

platform 20.

[062] As shown in Figure 1, collapsibie 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 fo allow flexible
25  movement of collapsible platform 20,

[063] A multi-axis connector 36, attached to an arm member 34, and its
associated controller (not shown) allow collapsible platform 20 fo be operatively
connected to compensating arm 30. Mulii-axis connector 36 allows platform 20



15 col l apsible platform 20 as well as to enable effective and

efficient novenent of collapsible platform?20. Hydraulic arns 38 are
capabl e of having at |east three ranges of notion. Hydraulic arns 38
are capabl e of extending away and towards the vessel to all ow

col |l apsible platform?20 to be coll apsed ﬂfd to operate as a platform
when in use. Each of hydraulic arns 38 i3S’ operatively 20 connected to
vessel body 10, preferably by a nulti-axis connector 46. One or nore

controllers i C 3 i

o g it 10 SreBREUEbPEHg 48N G b lBRRoCol-BOIRE BRRoA R
il lustrate ampanaspecii sideasicivecnaxddefl mtaionandreferablyfaolapsibiegatffrm 20
col | apsi bl e pl or wh in_use or en.col | apsi;bl.e nlatform 2

Co' cobet anti TERN BRI AF SortBetiipRte e MER o BRI Rl uRt 1L o The
body 10. Col lilapeiddes dflretation mor@sporid kethasachoites axgarieatedby she assl
24 intended tqQ serve as a Iaunchin% and/ or

I | andi n%,_ ad for a UAVW.
Floor 24 fay NGt Seaanaalos: collapSblepaten 36 &0 sEbge ltssl fos e latinch or
pl atform 20 apg @i DAVERESPIn VK. PHS rsf%ﬁpbﬁé@ off QllaBLBENISforh 20

rigid plastic or a mesh structure which acilitate the capture
or recovery éhdanuiaxisgonaeaisr 36ty be explainssliipigthsraeiarbelon nay 14
i nclude an i npact absorbing bag 22 (shown in Figure 2A), preferably

i nfl at abl e, capabl e of the | aunching or |anding of UAVs. | npact
absorbing bag 22 may be a gas-inflatable bag nade of resilient
material so #364]o0ptibhaitye collagsiblkeeplaiformis2d ated fhier dndedesapapluelitf of

supporti t i ght typi UAV. _The 5 advantage of having. a.
o Tapsi B srist BllhuBiadia: HEuf catsShespodn oo Wl 2 it Bas
vertical posicbhoectdis44 o thequidéeside 2BidficeMpsiitia ptatform 20hend aueabingdrom
D er e SRt LR 1ok bR i RS S a5 S Beging am 30
Col | apsi bl e rahatrﬁ@wb@z@esfmhah@ry Wi kil AR vBmieRE BY 85 pENSHtRR ArM0%0. Each
shown) for the recovery of UAVs. The UAV recovegh system i'ncl udes an

arresting | i g&hydrelieatms $8tinarared poaddrosm cach oserty swpprit thinetoht of
engages 45° RbIARINEPlattoRf NS0 e % 6'erlBIRRIARE BhESdetiditbeniil of

arresting hook _ Oal;F e arresting line, slow ng
down and bri sgilargitle plafioamcihptydrautic apns 38 ard sapale oidhavihgat lsast three

hore rmy bo S0 of Tt o PYeHARE b BRCFE bR I, BB T ane
t he opposit etsvatds dhevessel idGllow badlageibée pretfonai Bitto dfe colld@esi bhe to
platform 20, o%gt[g%g réssaat ip%o?r{‘n”\}vﬁgﬁ inaﬂge.a%cHAb¥' 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 perspeciive view, a side view and a
25  front view of collapsible platform 20 when in use or when coliapsible platform
20 is substantially horizontal f6 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 struciure which will facilitate

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



20 [067] Figure 5 represents the underside of collapsible platform
20, which conprises one or nore sensor packages 40 for detecting the
notion of the vessel and allowng the platformto self-1level.
Preferably, a sensor package 40 senses the notion of the vessel,

i.e., the yaw, pitch and roll, independent of the notion of the
platform A sensor package 40 may be plééed on the underside 25 of
col l apsible platform 20, on collapsible platform 20, or on various

those okt 11 olURRALnHAC! BPRIrBILG B REGHAdh Fidusb 2RI Sk
[ I esteaisoaty bt sy einos
gyr OSZOpI c s@r@@r@ﬁa???lﬁ 965@‘%’%‘3@5%5@’@“{% f ﬁ?r@tqé?é”f%oﬁﬁ "Q’fﬁ“apl%ﬁ

Sensors or O{AGIsHYHRRE BeS ch SHN§ cH'Hq R vy Iﬁ’tf t he wgeacbAay. 13
[ 068] A control Ssystem (ﬁoﬂtg%lsehom)@or stabili 2| Ot he yﬁatform IS ©

mount ed oh vadwitagr@y hagingra owliapsiblgpelpivra @0at raaﬁems hrizoaighy regd
t b |
s poses o TS JeRIcH Boeifh AN 38k Bl sBace ot il FBhinh e

person in t htandrrtg othEAVshen tenplatormy btiepet mtpa’trud@fon&rt interfere avithathe
base and w || refore not . be el aborated on. The control system uses
t he i nf or mat "Bﬁecgg?%?%%ef%%%%s ensor packages 40, processes this
i nformation, and sends instructions to conpensating arm 30 for
stabilizing and self-leveling collapsible platform20 as will be

descri bed_ bel 0 ens cka 40 detects th n_of
Che vesstd I Colmbe pfiedEn A e FtGes & TP Svepn vsfedlant Sade
provi des thi forltlﬁé %dﬁ&é#yQﬁ uAavs, h?h@@n\r flcos¥ st BlenfirRiRicainyarrddifg line.
sensor package 40 co ises a plurality of notion sensors or |evel

sensors t hat 1peMAENHES Glddes ae @reskng BDPheWE'éhtWﬁg§§/§h%ﬁireslf}ﬁ@ line
control systgmsWithd LWW%%!‘&&@M% %Inﬁ g{ﬂé §| at n%c{kqﬁm'cgﬁﬁiet\ﬁit!‘;-&e

conpensating arm 30 to naneuver co rm20 t
subst ant i al | graglingzling, sfovgogithe dHAY d@efn gt hnmmeg e’faiom OS)HTPéﬁ’EBﬁ@HJ orhe
to a predete t e r
desired g bi zg ”E‘ﬁ%‘:‘ tHI oﬂecgpet&fpgggmngp H§t tﬁ«?%&ra&f‘r& l;pe
to the eart htmtlhmtlyztbere Ray pe tolntingaigatstorn 4 bmstteaieaghtasyp‘ensbmahwn)

view of a co nsatin i m. 30 a d

mount ed to- aOB40% SRR S o KaSRH OB e BE et FrPBa ATy
on vessel bodg, dd?npé?rseflﬁg ablho, bagenypeher 32 is adapted for nounting
to a deck 42 of vessel body 10. The opposite other end of
conpensating arm 30 is adapted for connection with a 25 nulti-axis
connector 36 which in turn is adapted for connection with or to a

col | apsi bbe merf tigord0s repreensatticN dndérglde0ot eBpsHes wathdrtn abj thicH
arm nmenbers 34, each arm nenber 34 being pivotably connected to one
anot her. Pr eF‘é‘?"&B?‘%‘ﬁ OEB Ry SRR ﬁﬂ'@ﬁ%ﬁrﬁﬁ‘?@ég%ﬁﬁrﬁ% tegtinghgtmeign af e

menbers 34. Whiddiz 'aﬁo»@ﬁg'%ﬁétp@e&fo%@x tb%e'lfﬂe\l?éi' réf@?éﬂl)?% E&sof paRede AN

r
to collapsible platform3 ment i oned above, rTPensatl ng arm
30 i s capabl ecosestbe amion afhawvessel, i.e., the yaw, pitch and roll, independent of the

motion of the plafform. A sensor package 40 may be placed on the underside

25 of collapsible plaiform 20, on collapsible platiorm 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.



16 | east three axes of rotation to effect novenent of the coll apsible
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. By rotating conpensating arm
30 about the central axis of base nenber,32 in either a cl ockw se and
countercl ockwi se direction, collapsible platform 20 is capabl e of
conpensating for yawi ng of the vessel. Yawi ng of the vessel occurs

when the vessgdg)r at é’érﬁﬁ)l abqi qnfcﬁ sHE&WH) f@'st?di%z;ﬁhwﬁlg\ecﬁlﬁﬁﬁnﬁ Remo alnted on

| ongi t udi nal "axi's of the vessel to deviate e |nten
course. The epsealtbody Wazxmmgc@an%bi@ matiarss2l. The contmisystem magbednitine

Assoc ated oont ol pepaaodRR iond SRRRE: Par MPRIb 6 AR %Gden, wi

central axi s banthdeostobatbelilye skiliskpesbhdpshdbe tpéﬁhé@bmra&ystarb% part of
stabilize ned, posi tion.

t.at t t 72
ol 1 apsi bbe diETar fit 5957 Enf oVl PeraseL o HRbEaie R Tie sontel syptem
mul ti-axis CQRBeehe Infdfnatln ?@ﬂhbféﬂ‘ﬂén’ﬁ%@@néﬂ#'ﬁdckﬁ?éss 4@06%@;&% #s

i s adapted for connection w ensating arm 3 one end
rotation of &HPIMKINDRAd SLAES bisthugy @omomwsghzg@kmﬁihfqr@mmzmg and

collapsibl e Qefidiifly 8idROBREDAR"YS dsdl 3l RILABLIGagly the vessel .

Pi tchi ng occurs when the 'vess ates a out ransverse axis
causing a forward-backward notion of the vessel. Wen pitching
occurs, nulti-axis connector 36 is rotatable about its |ongitudinal

axi s, t hereb I n I | o] e
i o r YOsEoR Aol BagHebB U e bPR 208 BB Siar R o3 e, 106
of this corrperistat ot raridsy2% df hiad veed;élapad tyir@v;@é@tﬁi@ﬂnfgftﬂaﬂﬁd iofm control
stabilized or I on mhe ein collapsible atfor

i s substanti gﬁ 9m| e\lfz‘?ftegﬁtﬁ%pt?‘ﬁ SERPE ﬁmag ) oePre 'Sgﬁa%ng”rﬁ} fmmosf)on
| aunchi ng anderhﬁﬂdldﬂgem@eﬁmrstthﬁt MBVide posmor{ fe3hbAdk fdlihbh&rntroi system.

reference to g? gure 6, collapsjble platform20 is rotatabl e about 30

the Y-Y axis PPB%@véN%f@”th@ FFoGaset thexsignaenABet sendeinsiructionss to
case, 15 compensating arm 30 to maneuver collapsible platform 20 to a substantiaily

horizontal position level with the earth's horizon or fo 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 8 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
coliapsible 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



17 conpensating arm 30 may be either static or dynamic. Since

mul ti-axis connector 36 is adapted for connection with collapsible

pl atform 20, rotation of collapsible platform20 about the Y-Y axis
of multi-axis connector 36 enables collapsible platform20 to rotate
within a 180 range. This allows collapsihle 5 platform?20 to nove
into a closed or folded position mhereb§6collapsible platform20 is
fol ded next to the vessel body (as shown in Figure 1) or to open to a
hori zont al Ny r f G m
20 can be usBahiPee pRE 3R] SR o R PRI B 25
rotation of whbhwﬂhbéﬁu@mnmﬁﬂmaﬁea@nanmmn the Y-Y axis or transverse
axis of nulti-axis connector 10 36 allows collapsible platform20 to
conpensate for rolling of the vessel. Rolling of the vessel occurs
when the vessel is rotated about the |ongitudinal axis of the vessel.

The novenent [o7f ] cwlithaesérbhes Rigaif o Miglei 6) é@hgémsaﬁng%rtrheor il totatgble
action of the vessel wll be explained in detalil below 15 [074] As

shown in ¥Fi gﬁ?@’té e@gﬁt‘g%l,fg%ﬁ Xﬁ@oépﬁ%@e@eﬁl% %&f%ﬁ%F@“ﬁ?%ngﬁé{n
Z-Z axis or E@Baﬂd%ﬁ%éugéd’!%'l of Bad®Uhddmiser 82 CANBRE0h Fckwidd Jnd

al l ows conpensating arm 30 to be extende tovvard or away from vessel
body 10, effeeuniens qwkwhefdlfe@gormmllap@bl@l Rlaiiora LBrisncapailewh camornsating

from vessel T,

by the pi votfazlj'o%"mlnglncr)lfetjcizlI |on g%ﬁé Oﬁ ur af b@”@?‘m gﬁ%he?rg'n% ?&é%%
Wi t hi n conpeabaitiiisyedionl 84s ta bamsea;hbw@mdmaham’sef ﬂweSAassel o aeaizée from
positive o), _negatively in n such as to ef

Phe pl at{9r el ERGPH Gotiasy T THRLPLE L 2PusSef ot 16 TRSE T e Giaves
7A and 7B i I inUSat fsﬁ:te@véy@errfﬂh\fl@ﬁeBbs@f meeiderPS2 btehtgnat ép@irﬁpﬂé}e%enmg
t he vessel g% t chi ng Pitching occurs when the vessel rﬁr,%ijat ed

about the ve§ cizdeq papi/iers @nghingtors iy sffectgtdion ghertBie ‘?Sﬁ ANg K

the deck of fd‘%wéf*@§?edau%8 BSiabSpld Mestiok® QQV% har wablized é?aFd‘t%Eidto lan
t he case of UAVs at rgptln to launch or land fromthe platform

pi tching of pPregelasRd®d Reaicfause serious probl ens or danmmge to the
UAV for takeoff and | anding. As shown in 30Figure 7B, when the vessel

is pitchihg forward, collapsible platform20 will tend to self-Ievel
to be level with the earth's horizon or at a predeterm ned position.
18 [072] Collapsible platform 20 is rotatable about the central axis Z-Z of muiti-

axis connector 38. As mentioned above, multi-axis connector 36 is adapted for
connection with compensating arm 30 at one end. The rotaticn 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 [ongitudinal 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,



Col I apsible platform20 wll be rotated in a direction opposite to
the pitching notion to conpensate for the pitch. In this case in
Figure 7A and 7B, the platformw || be rotated backwards to
conpensate for the forward pitch of the vessel. 5 [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

i nvention, Fi ; | o | i Jnt e Ck\WiSe.:
Y cti on’ abGerPEpSRIEBHR DOMAFE oihgt AR BF BrERHE CoPpaChllitRds
the rolling vessaltor 3dimadeaHed fy @nmesibn etthtekapsivea platfoemt 20 netaéios ef
axis of nmulti-axis.connector. 3 in_Figure.8B) in a

i recti on opBlEDIE RAEToRs ABRtEher b Bp i kiscrinddidt ae cnatles
if the vessekoilapsié glatihrinn2@ t6 ottate WthPck Wisee rhde ctTih@allows collapsible
conpensating arm30 w |l rotate about the transverse axis of

mul ti-axi 8 cOEEToLYE Meve BIdkwased1sr dolded trasiionvwbsralye calapsible
|0 the sensopifatatristiidbatRikenh M eRboaRrhRag sRbAIIRFBE 198t & bpen

the rolling action of the vessel, information I's sen contro
syst em whi chipeadeeizostal thesitionf (as raliomoninahigursu B eleen colapsine platform 20

i nstructions 0 i . . t ~effect ,
novenent of rcr:%'lqtb%- ng%ﬁfgﬁétgnlﬁgr& é’ﬁa g’g I%ngilrggcé%?.r Z@%@ﬁ%@hg&%ﬁﬁ?&\%ﬁm of multi-
Accor di ngly, akis doypdeeiol 36 abouhthesY-Y8axds er traasvaase bxis lﬁfgz&ui’&-ﬁ&ié, conhector
control st i 11 instruct rauljc.arns 38 to extend t rns in
2 Cor 1 es JindPRoA IR EPISIE SRS H% (bl o Faro i 1 (56, verRg!
user or oper ®oflingBithBeessl dculs aBehah8ReséiNg raRanbb&it hetighdiRMinal
required for nulti-axis connector 36 or the |ength of extension

required for aKpddleivesesnslsBmoyereabrf Foliepsible BlpEprie A0 apsiadivs to the
platform 20 YQudd\GetRR dithe vessdI il ESBxplainédlin HLANERIH 15 3 Plan view

of vessel body n iS yaw ng. gure ows the directional
rotati on of conpensating arm 30 about the central axis of base nenber
32 when the vessel is yaw ng. In an exenplary enbodi nent of 30 the

present hAvemimon the: eld A i ; 1
i rocti of abhi T 18 e EJoUEE B tor Bo g B b R b YA HCRE the
19 correspondrhgys iaf thediongdudioal apisosf neult-asisdcomudcian36f Vhis adows

arm 30°r ot at S8 PHTEEe, A DUt S qiEleRiphlid il oy VERELBRY 0,
base menber 8afectAebostditinglopllassibisgisifoom 20 tdvegrdidolapvayl fadih arssd Ghodypian
detecting t h%hg?‘nv‘g}v%gnggt otf%gm\f)%?lgaetllﬁg g\#ml !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 fo effect

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

[075] Figures 7A and 7B illustrate the movement of collapsible platiorm 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 fand 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.



5 send the information to the control system whereby instructions are
sent to conpensating arm 30 to effect novenent of conpensating arm 30
in a corresponding manner. If hydraulic arns 38 are to be used,
hydraulic arnms 38 will also effect novenent in a correspondi ng nmanner
for collapsible platform20 to be stabilized. Hydraulic arns 38 w ||
subsequent|ly extend away or toward 10 vé8sel body 10 to accommodat e

t he novenent of the platformaway or toward vessel body 10. [78] The
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in base nmenbggggdl or on deck 42. Movenent of rrultl -axis connect ors

36, 44, 46 could be based upon electrical notors or hydraulics. Wile

| ongi tudi pal novenent of hydraulic arnms 20 38 is based on hydraulics,
rotational or lateral novenent of hydraulic arns 38 coul d be based on

el ectrical nRizey sF,gEP&ag,Q'ifﬁ?stx%ieéJﬁl%f Sbe 6? vé§%ri] *&\SQ&%'\{V er?}‘n%erﬂﬁ?
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addition of one or nore ot atures, 1 ntegers, steps, conponent
or groups t héea&dfrotate about the transverse axis of multl -axis connector 36 in a clockwise

15 direction. When the sensors in the sensor package 40 located on collapsible
platiorm 20 detect the rolling action of the vessel, information is sent to the
control system which processes the information and subsequently sends
instructions to compensating arm 30 to actuate and effect the movement of
multi-axis connector 36 in a corresponding manner. Accordingly, if hydraulic

20 arms 38 are used as in Figure 8A, the control system will instruct hydraulic
arms 38 to extend the arms in a corresponding manner for collapsible platform
20 to stabilize. The user or operator may preset or predetermine the amount of
rotation required for multi-axis connector 36 or the length of extension required
for hydraulic arms 38 to stabilize or level collapsible platform 20 to the earth’s

25  horizon.

[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 vertical axis, compensating arm 30 will rotate



21 CLAIMS 1. An apparatus on a novable vessel for providing a
platformfor |aunching or |anding of aerial vehicles, said apparatus
conpri sing: 5a base nenber having a central axis and bei ng adapted
for nounting to a vessel body; a conpensating arm havi ng two
ends, a first end being nounted to the base nenber, and the
conpensati ng arm bei ng rotat abl e about thHe central axis of the base
menber; 10a nulti-axis connector adapted to be pivotably connected to

a second end | r . , t f
Coupt 1 ng to ReRidRIY LAt BFbosie e dheRih b LIMAG B yp&iey o
novenent wit fmoahteh'&iastyatfwmg éﬁga:teeslnot}his‘ t‘;a@dmﬂmpensa’?ng arm %0 lr@tb]’sdsemsﬁ
one sensor to,sense three-dinmen ona Il entatlon o ] attor
and R e R SR oL e M o
to process S%a{a@dsrsldhfmaF ibRMIARSPLOMIRR dé%édtfngqhé%wg%ftth@vessel will
corrpensatl ng arm and | -aXl s connector to orient the latform

t her eby, fo menAtiaednteraaton do dhe centel system ‘Haﬁi@bwllaﬁfl&ilﬁﬂs Zge sent fo
compensating arm 30 to effect movement of compensating arm 30 in a

correspanding manner, |If hydraulic arms 38 are to be used, hydraulic arms 38
will also effect movement in a corresponding manner for collapsible platform 20
fo be stabilized. Hydraulic arms 38 will subsequently extend away or foward

10 vessel body 10 to accommodate the movement of the platform away or toward
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 couid 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 hased on electrical motors. Examples of useful mofors 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 o 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 details 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.



2. The apparatus according to claim1, wherein a predeterm ned
position or orientation is such that the platformrenains
substantially level with the earth's horizon. 253. The appar at us
according to claim?2, wherein the platformis rotatabl e about the
central axis of the base nenber. 22 4.The apparatus according to
claim3, wherein the nulti-axis connect@f has a transverse axis and
the platformis rotatable about the transverse axis of the nulti-axis

tor. 5 ’ t cording to claim?2, wherei | t] - axi
connect or  halehl FaRBR sl ER e ANt Hesdsi I 1Bk PR Tstat ol EEBoth
the | ongi t udgpadifyahieSpReh&e oMstdtbd F¥ERIrENNAREGER, - steffs of BnARPRARL DG

according to claim 2, wherein nmulti-axis connector 10has a
| ongi t udi nal dass Sohmiedide HaPfRFSRCP Ot AdHEPHOAsING absifretiber features,

I'ongi tudi nal jedess Qe fd QoMb hbARHr Gre I YREHE -



7. The apparatus according to claim1l, further conprising a
controll er operatively connected to at | east one sensor nounted on
the platform 15wherein the controller receives information from at
| east one sensor to effect novenent of the conpensating arm 8.
The apparatus according to claim?7, V\herf{jn the at | east one sensor
conprises position and | evel sensors for=detecting yaw, roll and
pitch of the 20vessel body. 9. The apparatus according to claim1,
wherein the vessel has a vertical axis and the platformrotates about
the central axis of the base nmenber in a direction opposite to the
di rection of dg#&{g on of the vessel 25body with respect to the
vertical axi e vessel body. 23 nulti-axis connector in a

di rection opp05|tet ciio tatio f the. vessel

respect to the Ibngl gﬂdgﬁoq%gg éh %]rﬁ%eab\?es‘@g?qb%&ypmv’d\{ngsflpl Hgﬂ for
appar at us accor thurghing arllanding of adréd ekhickebesaié apphrdaadyorhpssing:5
transverse axis and the platformrotates about the transverse axis of

the nultisaxis connegt bsisd rmémber aelvirngn a0RBATAI exisO ahhebémgeﬁaa;ﬂad ofor

rotation of the vessel with respect to the transverse axis of the
vessel body. 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
central axis of the base member;

10 a multi-axis connector adapted fo 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 least 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.



12. The apparatus according to claim1l, wherein the conpensating arm
10f urther conprises at |east two arm nmenbers, each pivotably
connectable to each other at one end. 13. The apparatus according to
claim1l1, wherein the platformfurther conprises a gas-inflatable bag.
15 14. The apparatus according to claim1, wherein the base nenber

i s adapted for connection to an upper déék of the vessel body.

15. The apparatus according to claim1l wherein the platformis nade

of 20a flexible, resilient terial. . 16, The.appara .acgordj

ol arm whor oi it he HleacTHRPRRbS: aReRrdino e BB ode: Ahbif TR Rah®
| ength of the vesfebtdiaths a ththsvdBe The amppheapladoms ¢ roitibld aboliatha
17, wherein the two sup Qrt]lttr%g nmenbers are hydraulic menbers.

19. The appar at URNYEES #iihg RaYlEiaHSICeNNGASF-ei n each supporting

5 5. The apparatus according to claim 2, wherein mulfi-axis connector
has a longitudinal axis and the platform is rotatable about the longitudinal
axis of the multi-axis connector.

8. 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 to
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



5menber has two ends, each operatively coupled to a nulti-axis
connector. 20. A nethod for l|aunching and | andi ng of unmanned aeri al
vehi cl es, conprising: positioning a platform adapted for connection
with a vessel; 10sensing the novenent of the vessel independent of

t he platform based on information collected by at | east one sensor
mounted on the platform and sz3f-leveling the platformto
a position substantially level with the earth's horizon by noving the
platformin at | east two degrees of freedom 1l5based on the )

i nf or mati on col MEdt-aisHpnpagiontn 3 dieetioprrprssise b the directiqmef yatatinsof the

according to clabmAQHiaes i%%ﬁé%ﬂ%@tdd‘r‘ﬁéﬂax@%tﬁ@g%eg fa{:'rﬁ%her

conprises | evel sensors to detect t yaw, pitch a f the
vessel. 20 22. The nmethod according to claim 21, wherein the step of
self-leveling further includes the step of processing the information

coll ected by thgyat : r S i
met hod accordi ng1t‘ o] Eﬁ%%hfjg%%uﬁgéog?Iﬁaﬁﬂgiagétﬁg}ﬁ @#e%ﬁ #'gmg\§§%?¢?°éjwas a
5 tfransverse axis and the platform rotates about the transverse axis of the
muiti-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 tfo 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.
16.  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.



further includes sending instructions to a conpensati ng arm adapt ed
for connection to the platformso as to effect novenent of the
platformin responsetot heyaw, pi t chandrol | of thevessel.

10

15

20

25

24

18. The apparatus according to claim 17, wherein the two supporting
members are hydraulic members.

19. The apparaius according to claim 17, wherein each supporting

member has two ends, each operatively 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;

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
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.

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,

23. The method according to claim 22, wherein the step of self-leveling
further includes sending instructions to a compensating arm adapted for
connection to the platform so as to effect movement of the platform in
response o the vyaw, 'pitch and roll of the vessel



