MACRO M CRO CRANE I nventors: Norcross, Richard; May, Edward L.; Bostl eman,
Roger; Kjolseth, Paul FIELD QF | NVENTION [ 0001] The present inventions

rel at e gewenaddos2d00 the field of cargo handling tools secrast@shes2use at
sea. More specifically, the present imventions relate to cargo handling
cranes suitable for use at sea to nove cargo fromone ship to another ship.
BACKGROUND OF THE | NVENTI ON [ 000 i of fl oad heavy cargo in
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Fig. 1is aviewin partial perspective of two Shl ps, cargo, and a
conposi BACKGROUND OF THE INVENTION

[0002] Being able to offload heavy cargo in unprotected water with sea states of five
(5) or higher is a capability that is desirable. Container ship cranes are not suitable for
operation in other than calm seas or in port. Existing offshore crane technology can provide
compensated motion for lift lines in a vertical sense relative to a base platform and some have
been adapted with tag lines or crane tip motion control to provide limited lateral
compensation. However, none are adapted to accommodate lateral and/or rotational
disturbances of a second ship moving in the seaway.

[0003] It is desirable, therefore, to have a cargo 1ifting and movement system that is
adaptable for use at sea between two ships which can provide compensated and controlled
cargo lifting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The various drawings supplied herein are representative of one or more

embodiments of the present inventions.

[0005] Fig. 1 is a view in partial perspective of two ships, cargo, and a composite
crane;
[0006] Fig. 2 is a view in partial perspective of an exemplary embodiment of a

composite crane;



crane; [0006] Fig. 2 is a viewin partial perspective of an exenplary
enbodi nent of a conposite crane;[0007] ,Fig. 3 is a viewin partial

per spect iwe 2066/@2m70se- up of an exenpl gry enbodi ment of paTas@WSAII3R7 Cr ane;
[0008] Fig. 4 is flowhart of a first exenplary nethod; and [0009] Fig. 5

is a fl rt of sgcan . . I PTI
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exenpl ary conposi%e crang 1 conprises mcro crane assenbly 100, nmacro crane
assenbl $IPeaahpt @ BOMPPHE CFACe onmuni cation with and control notion of at

| east a portion of mcro crane assenbly 100, and controller 300 (not shown
in the f0e8les). [FigHp flovehas pf @ fisst snemplasyapetbed;pider ed at | east partially
usi ng enhanced notion control and energy storage such that force used to
count er §6009] he weiRifts iofa fidweham oif ngecvind vrtémpleryamethbdad, i.e. conposite
crane 1 and cargo 25, is carried by an energy storage system (not shown in

the fi glﬂ@nmﬁ IPESCRIPTRON (TPEDATRIPLAR Y EMBOBIMENIEPOFFREDeVi ce (not
shown i Tgures) such that the total energy I nput to acconplish the

mvemnmm zed. [0012] Referring nowto Fig. 2 and Fig. 3, mcro
crane a O conprises lifting device 120 which may further conprise
| atch fr 104 (Ei g. .3% and a.plyrality of cables 110 arranged .and
cont rol I8 uch ¢ Referriag aRvitp i fampliry pmpesig Criicg. CRAPIEGS BHOO, fEgnape
controlled in ug to six degrees of freedom . o _

assembly 100, macro crane assembly 200 adapted to be in communication with and control

motion of at least a portion of micro crane assembly 100, and controller 300 (not shown in
the figures).

[0011] Composite crane 1 may be powered at least partially using enhanced motion
control and energy storage such that force used to counteract the weight of the moving
structure and load, i.e. composite crane 1 and cargo 25, is carried by an energy storage system
(not shown in the figures) and oscillatory motions are driven by a separate device (not shown
in the figures) such that the total energy input to accomplish the movements is minimized.
[0012] Referring now to Fig. 2 and Fig. 3, micro crane assembly 100 comprises
lifting device 120 which may further comprise latch frame 104 (Fig. 3) and a plurality of
cables 110 arranged and controlled such that latch frame 104 and its load, e.g. cargo 25, may
be controlled in up to six degrees of freedom.

[0013] Macro crane assembly 200 is adapted to permit control of the motion of micro
crane support point 101 and may further comprise support frame 102. Cables 110 may be
connected or otherwise secured to support frame 102. Additionally, macro crane assembly
200 may be articulated as illustrated in Fig. 2.

[0014] In certain embodiments, macro crane assembly 200 is further adapted to be

connected to base platform 210 or 22 (Fig. 1) and to be motion compensated with respect to



[0013] Macro crane assenbly 200 is adapted to permt control of the notion
of mcro crane support point 101 and rrﬁy further conprise support frane

102. Cablwe 20ddbsemy be connected or ot herw se secured tecsaspasi4deane 102.
Additionally, macro crane assenbly 200 nay be articulated as illustrated in

Fig. 2..[00 Li,certain,e i S [ro..cr ass I [ rther
dapt edS AeSBHECER 5 Bt e ST aer e o 16 5h ABS sAEnac ol pfodsdh
notion conpensated with respect tobase platform.210 and/ or %2. For exanpl e,
the conwdstafdmserplatiorsy kot gravelotoss f8f aheh@ SHP SRFR 381222 SBIthira Wi/ 210
or travel fore and aft on a ship such as 22. Further, notion conpensation
My OCceompensaiig Way nowvg inbne pr MOrsokupiogiirdsgrees ¢f fseadom anddnanpe beedised t o
aid in positioning and orienting mcro crane assenbly 100 in one or nore

pl anes gi@fih gbe)ditibﬁingfaﬁd @fientdig Niure cigrasssantiy 100 éedneror (e planddadatimed bgne
assenbly 200 may be adapted to be configured to accommodate the structural

confi gupRtd,QR, Aord B&r02%E aREASHOr M 210 such as to enable the loads to be
passed fntdé1 strreorrlgtﬁg]'nenbers of base platform 210. [0016] Controller 300

(not sh in the,figures) i ' [ i i i L.Cro. _Crane
assenbl @“}6 , mac }\%ac%r %{ﬁ%g %%é@ﬁ@f%&%@éﬁ lbgradgabt%g%?ngﬁcﬁ%&%@r%g?ﬂn%d&e
Control |l er 300 y conprise.one or re sonal .co ters, programmahle
| ogi ¢ theas%‘,cmﬁ%qu G ¢ §,%a%"ylélf‘ ?Féngg(i%l&?‘cﬂﬁ t%egﬁgﬁg’ﬁl A 'tegoﬁmaasce ssor,
or the |like, or a conbination thereof. Mreover, controller 300 may be
separ at @t stoength memberd dé dassi platforma2onponent of composite crane 1, e.g.
within macro crane assenbly 200. [0017] Additionally, one or nore
di stri bpgoad] sensoCent3dilerray) ot ghewerih thndigups) & opabiiviln in cumnmrdedtionn
with controller 300 or arrayed in a distributed control system
with micro crane assembly 100, macro crane assembly 200, or a combination thereof.
Controller 300 may comprise one or more personal computers, programmable logic arrays,
microcontrollers, systems based on a standard microprocessor, or the like, or a combination
thereof. Moreover, controller 300 may be separate from or embedded within a component of
composite crane 1, e.g. within macro crane assembly 200.
[0017] Additionally, one or more distributed sensors 310 may be present and
operatively in communication with controller 300 or arrayed in a distributed control system
operatively in communication with controller 300. Such distributed sensor(s) 310 may be
used to sense, and thus help predict, motion of base platform 210 or ship 22 (Fig. 1) to which
macro crane assembly 200 is connected, relative position and/or motion between base
platform 210 or ship 22 to which macro crane assembly 200 is connected and a target
platform such as platform 20 (Fig. 1), joint angle and speed of macro and micro crane
components, relative motion and/or position between macro crane assembly 200 and micro

crane assembly 100, relative motion and/or position between latch frame 104 (Fig. 3) and a

target cargo on a target platform (e.g., cargo 25 on platform 20), relative motion and/or



operatively in comrunication with controller 300. Such distributed
sensor(s) 310 may be used to sense, and thus help predict, notion of base
pl at f or mR0OQo@voszde7p 22 (Fig. 1) to whi'ch nmacro crane a®s®ErskgosAQB27 s
connected, relative position and/or notion between base platform 210 or
ship 22 to.which macro crane assenb ] onn d r
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m cro crane conponents, relative tiop and/or position between macro crane
assenblQozmézhﬁﬁﬂﬁﬂéﬁbok%%ﬁ@”ﬁ§§§ﬁg?§°€00, relative motion and/or position
between |atch frame 104 (Fig. 3) and a target cargo on a target platform
(e.g., ¢@013d 25 ordnphevparatioB0) exemplaryeanbmstinentsaredyrong o iodfigdtasegm
cargo 25 once lifted and the target platformfor that cargo 25 (e.g.,

pl at f or m53@igr1) 223y bOhardi&l by sesitioing compbiireairen] (Rigt @pinto [2GRBderhmindde
operation of exenplary enbodi nents, referring nowto Fig. 4, cargo 25 (Fig.

1) may ?ﬁlsiﬂgg%%@ly% péaﬁg'o} boni aemgeﬁ&oéﬂah@ 1Ci208 dbsdrfbed-abbVe.l MMerd crane

predet e position relative to cargo 25. Conposite crane 1 is as

car go. 28R 500 E MThR B ZRRTERY e iR ran el shE BRATIPACOME

al gorithns accessible to controller 300, . . in perpanent or transient
menory $PERestedspRe QfSBEr et‘:@ntf%]rﬁlg‘?ﬂtﬁlf?é@?‘&f’s%lg@ﬁ@ ca%tgﬁ}%ﬁg)g%@ 1B APCHPIH & ane
assenbly 100 where the control algorithmis adapted to hel p maintain

suppor t tfansiess mEMOf¥Fistpre, 3re fused riv wovtrel maercasreaeriabsenibdy 208 andsmibere aevaneal |y
steady state relative to inertial space or noving to conpensate for sone of
t he noveseaiblpfl00 aviget t edrtol rmlgitkiig.addpted T dalpymaintdie suppat ifamet 102
inertial space, as used herein, is defined to nean the state of a nass in

whi ch tFFf. T‘fd% ARrAGERE Sls8hbBM Fo0h GERbAntidl1yet&RAR st ANt} to lintial s%)aées
still. [0019] The control algorithmalso helps maintain lifted cargo 25

(Fig. 1)or irrpov"f‘ng to compensate for some of the movement of target platform 20 (Fig. 1). Steady

state relative to inertial space, as used herein, is defined to mean the state of a mass in which
there are no acceleration forces on it except gravity, i.e. it is still.

[0019] The control algorithm also helps maintain lifted cargo 25 (Fig. 1) in a
symbiotic relationship with the target platform to which cargo 25 is to be delivered,
compensating for the relative movements of cargo 25 and target platform 20. Accordingly,
the control algorithm may be used by controller 300 to move latch frame 104 (Fig. 3) such
that its motion relative to the target platform (and additionally cargo 25) is minimized, to
move latch frame 104 and cargo 25 once lifted so that its motion relative to target platform 20
and nearby cargo 25 is minimized until lifted clear, or the like, or a combination thereof.
[0020] A kinematic control algorithm, which may be separate from or integrated into
the control algorithm, may also be used to help maintain support point 101 of micro crane
assembly 100 (Fig. 1) in a substantially steady state in inertial space despite motion of base

platform 210 or ship 22 (Fig. 1).



synbiotic relationship with the target platformto which cargo 25 is to be
del i vered, conpensating for the relative novenents of cargo 25 and target
pl at f or mR0.200&3290di ngl y, the control = gorithm may be ®msedsbgosoaoset ol | er
300 to nove |atch frane 104 (Fig 3) such that its notion relative to the

dd ' i.nim.zed,, .
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platform20 and nearb rgo 25 is nim zed t|| lifted clear, or. the
Pl e, Cobie, daamimices GHlamed dor (HOORET: A Kine it DiBcHA fole- 45 goPPRARIShni ch

may be separate fromor integrated into the control algorithm may al so be
used t o predimatenionsebnd shipp2? (Figoilipt ¢.4.03t . nCompogicagrenad s@fipl 1), ¥0Ocl & g.
1) in a substantially steady state in inertial space despite notion of base

pl at f or roRddltedr tos® pRRfothi 00 (Flg. [20 @A firsReifip20] 3posnibnt® irftd @. prédetérmifed
further exenplary nmethod, objects, e.g. cargo 25 (Fig. 1), may be offl oaded
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second ship 22 (Fig sea Conposi te crane , which is
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wth respect to second Shl 22 e g, to or fr mse ond ship ship
20 and $&EARd QY P r?ﬁéyr H@Vg&ﬁtgeﬂl%ﬂlbél?anflﬁ Pyl %laP@HrSSt 1té¥i’& }ﬁfaé‘ be at
rest or noving, e.g. in a substantially parallel course. Additionally,
first siship Z0amshetcerd drip 23tmay Patgst e stll nievdng with respett toraach nthenidudto
respect to each other due to wave notion. [0022] Mcro crane assenbly 100
(Fig. lwdvs ntionected to lifting device 120 (Fig 2). Using a control

al gorithm accessible to controller 300, controller 300 mai ntains support

platformpdd? (Fi g.mRlo f:l%he BLhBLF | GNEFiZSHERRbMncERQ toNifing UBAEAME0 AFik)2).

steady state relative
Using a control algorithm accessible to controller 300, controller 300 maintains support
platform 102 (Fig. 3) for micro crane assembly 100 in a substantially steady state relative to
inertial space. As before, the control algorithm may further comprise an algorithm adapted
help to move latch frame 104 (Fig. 3) so that its motion relative to the target platform (and
cargo 25) is minimized, to move latch frame 104 and cargo 25 once lifted so that its motion
relative to the target platform and nearby cargo 25 is minimized until lifted clear, or a
combination thereof. The control algorithm may be used to control movement of latch frame
104 so that its motion relative to the target platform (and cargo) is minimized. Further, the
macro crane compensation movement can be disabled (i.e. not moving) and composite crane
1 used to lower cargo 25 onto the deck of ship 22 under full six-degree-of-freedom coﬁtrol
allowing the possibility of moving cargo on ship 22 while at sea with relatively little relative

motion between cargo 25 and the deck. This can operate to increase control and safety of

these operations.



inertial space. As before, the control algorithmmay further conprise an
al gorithm adapted help to nove | atch fg@ne 104 (Fig. 3) so that its notion
rel ati ve wo 2oédwseamrget platform (and cargo 25) is m ni mpzediS2e0s/0m3e® | at ch
franme 104 and cargo 25 once lifted so that its notion relative to the

corbi nallBR1 her ootodiaE ﬂﬁbﬁﬁei 3P bl Toef he'lhed, 0 %@eﬁfﬁ%? 9ot

of latch frane_ 104 so that relatlv to e tar Iatforn1(and
ar go) _RESeIONY A0 ensris BRlalch e, L it e BN At e WoDs RoFkePEes: be
di sabled (i.e. not noving) and conposite crane 1 used to Iomer cargo 25

ont o t hefdeok codnesissgmisdp 100der ful | si x- degr ee-of -freedom control all ow ng
the possibility of noving cargo on ship 22 while at sea with relatively
little ed2]i ve mithedbrdgeingatistlaargmd’desatstionhef tHe ddvenfidrissare ditustpveasiel t o
i ncrease control and safety of these operations.[0023] Additionally, the
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that latch fra 104 renalns substantla y centeréd in the workspace of

m cro cran S 100 on
of t ne. HOGRRTE LB gl bk Ge HAGRNLRRP pat YOG, EBGARREIM R DY
si ze, shape, .and naterlals as well as in the details of the illustrative
const r uSPIHAT &Wdﬁﬁ?h8n1llustratlve met hod may be made without departing
fromthe spirit of the invention. CLAIMS;, W claim 1. A conposite crane,
conprising: a. a mcro crane assenbly, adapted to lift and | ower cargo; b.
a macro crane assenbly, adapted to be in conmmunication with and control the



notion of the mcro crane assenbly; and c. a controller, further conprising
a control algorithmand operatively in_communication with at | east one of
(i) the mwvoreocrsagwe assenbly or (ii) tHe macro crane as emhisygosioines27
controller adapted to maintain a predeterm ned portion of the conposite
crane izgi%ﬁgggtantially steady state relative to inertial space. 2. The
conposi t of claim1, wherein the macro crane assenbly: a. further
conprises a mcro crane supported point; and b. is adapted to control
not i on JFeElBELN cro crane assenbly about the micro crane supported point.

3. The conposite crane of claim1l, wherein the mcro crane assenbly further
conpri sds: a.A eoroposite otdnabdaanprzsingy frane adapted to be connected to a | oad;
and b. a plurality of cables arranged and adapted to be controlled such
that nmovementa, of thgicEoftan®©hdsalbly, hdupedd 1 lidranddoeter daggd;0oad are control | abl e
in a predeterm ned nunber of degrees of freedom 4. The conposite crane of
claim3, whe hel N afnacrb %f'anegegem;l/,galahﬁedl & Bdlirf CRBuhiSatith Wwith 864 dntod i)

frame adapted to support cargo to be noved to or froma target platform
and b. the mcro crane enbl vy fur [ i ses a support franme in
conmuni cati on mﬁtﬁ“ﬁﬁ@éﬁﬁ%?%ﬁ%gﬁﬁgggg 8 ’g@%ne.S. The conposite crane of
claim 3, wherein the predeterm ned nugber of degrees of freedomis six
degrees of fCeedom controller, further comprising a control algorithm and operatively in
communication with at least one of (i) the micro crane assembly or (ii) the

macro crane assembly, the controller adapted to maintain a predetermined

portion of the composite crane in a substantially steady state relative to inertial

space.
2. The composite crane of claim 1, wherein the macro crane assembly:
a. further comprises a micro crane supported point; and
b. is adapted to control motion of the micro crane assembly about the micro

crane supported point.

3. The composite crane of claim 1, wherein the micro crane assembly further comprises:
a. a controllable latch frame adapted to be connected to a load; and
b. a plurality of cables arranged and adapted to be controlled such that movement

of the controllable latch frame and its load are controllable in a predetermined
number of degrees of freedom.
4. The composite crane of claim 3, wherein:
a. the controllable latch frame is an integral latch frame adapted to support cargo
to be moved to or from a target platform; and
b. the micro crane assembly further comprises a support frame in communication

with the controllable latch frame.



6. The conposite crane of claim11l, wherein the macro crane assenbly is
further adapted: a. to be connected to a base platform and b. to be notion
conpensatwo 20dds290espect to the base plgatform 7. The cocopas2es/oer3ane of
claim6, wherein the nmacro notion conpensation: a. occurs in at |east one

of six grees of freedom and .b. allows.at |east. one of (i i.tionipg
the mi c?sg cr gﬁé” Wﬁ? )?HIW %f"lﬁlélé?’t Wg’ﬁ%el%%hespg?aggﬂ?]@gg nb‘gnb%e? 5@218%685 %tii)
orienting the mcro crane assenbly in at |east one of six degrees of

f r eedomIr@domyig sig shepisss eefreqdeie of claim 1, wherein the macro crane
assenbly is adapted to accommpdate a structural configuration of the base
pl at form. 9. THeeonmupitsehee of cdaien bfwldreih thelmadrarctdnerasssmipy issfurtheraadaptedsst
one of (i) a distributed sensor operatively in conmunication with the

control ler org (ii )to&ec@bsidotddubabasoplatfenl;@hdoperatively in conmuni cation
with the controller . 10. The conposite crane of claim9, wherein the

di stributed s&nsortoibgnﬁﬁ)gﬁtoﬁwgﬁ&%@mrﬁﬁggﬁ%g%?éﬁgﬁéﬂne of (i) notion

of a base platform macro cr I's connected, (ii)

relative, noti.gn and/ or positiqn between base platformtao ich the macro
rane agsenbl 4o SHpafie BAEOL QA6 Mikile i BEGoPtion P Peallih Ve ot fon
and/ or position between the macro_crane assenbly and the mcro crane
assenmbly, (iVA rel%Fwsidn Aers angef ik dperseshidresdemaned | atch frame and a
target cargo on a target platform (v) a joint angle between a

predet er m ned. macrablows dit tdast enecofaepestpingeilie mictd §rape pssemblysipest deast ove
macro and mcro crane conponent, or (vii) relative notion and/or position
between the |iftedfeds @prees of freedom or (ii) orienting the micro crane assembly in at least
one of six degrees of freedom.
8. The composite crane of claim 1, wherein the macro crane assembly is adapted to
accommodate a structural configuration of the base platform.
0. The composite crane of claim 1, further comprising at least one of (i) a distributed
sensor operatively in communication with the controller or (ii) a distributed controller
operatively in communication with the controller .
10.  The composite crane of claim 9, wherein the distributed sensor is used to sense and
predict at least one of (i) motion of a base platform to which the macro crane assembly is
connected, (ii) relative motion and/or position between a base platform to which the macro
crane assembly is connected and a target platform, (iii) relative motion and/or position
between the macro crane assembly and the micro crane assembly, (iv) relative motion
between a micro crane latch frame and a target cargo on a target platform, (v) a joint angle
between a predetermined macro and micro crane component, (vi) a joint speed of a macro

and micro crane component, or (vii) relative motion and/or position between the lifted cargo

and the target platform.



and the target platform11l. A nethod of handling cargo, conprising: a.

positioning a conposite crane into a predeterm ned position relative to

cargo to Wwe 20wvsego7t he conposite crane 9corrpri sing: 1. aPgTAISE00SHAIR7

assenbly, further conprising a support platformand a |atch frane and
adapted to coptral ion.of the |latch frame; ii. a macro crane assenbly
adapt ed ]tlo bé‘gﬂ?ﬂp&%ﬁ g}a%ﬁgmc?]ﬁ&’%‘ﬁggcontrol notion of the mcro crane
assenbly; and iii. a controller, operatively in communication with at |east
one of (a) tie ni QOBILOREEA SULRIFHEFIWE 1119)2 Predetrrpringd pesifian Aelalyrioycarg
connecting the mcro crane assenbly to the cargo; and ¢ . using a control
al gorit hm accessi bbbemwvedehe compedifegranesomprismgl n t he support platformin
a substantially steady state relative to inertial space. 12. The net hod of

claim1l, whereirni. usi ng micgornrimel assdnisly) funitief v6mhpEsing arguppere plaformendta one
of (i) using a control algorithmaccessible to the controller to nove the

latch frame so that itS,eRaa &8kt QuiBPmb6Ust tRlakl Bk and car go)

is mnimzed or (ii) using a control algorithm accessible to the controller

to nove the latch franme and car if that its npti.on relatjve
to the target pl dt f or mand rr?egrrag(g ag%?’g"ég’ iaggﬁg%ﬁcr(?ﬁbzee% ﬁ?%PH“nﬁ% od’ 11?10?%
predeterm ned position. 13. The nefhod.of claim 11, wherein the controller
is operatively in conmﬁ"??‘@%ltlf‘l%"WéfHeH“%r@ﬁ%ﬁe a58e81Y; 39 provi de i nformati on

to the controller. 14. The nethod of claim 11, further conprising powering
the conposite criiine at 4 eaqmdroller, operatively in communication with at least one of (a) the

micro crane assembly or (b) the macro crane assembly;
b. connecting the micro crane assembly to the cargo; and
C. using a control algorithm accessible to the controller to maintain the support
platform in a substantially steady state relative to inertial space.
12.  The method of claim 11, wherein using a control algorithm further comprises at least
one of (i) using a control algorithm accessible to the controller to move the latch frame so
that its motion relative to the target platform (and cargo) is minimized or (ii) using a control
algorithm accessible to the controller to move the latch frame and cargo once lifted so that its
motion relative to the target platform and nearby cargo is minimized until lifted to a
predetermined position.
13.  The method of claim 11, wherein the controller is operatively in communication with
a sensor useful to provide information to the controller.
14.  The method of claim 11, further comprising powering the composite crane at least
partially using enhanced motion control and energy storage.
15. A method of offloading an object from two ships at sea, comprising:

a. positioning a first ship proximate to a second ship at sea;



partially using enhanced notion control and energy storage. 15. A nethod of
of fl oadi ng an object fromtwo ships at .sea, conprising: a. positioning a
first shiwopoaxise®mre to a second ship & sea; b. positi oRCMES00s0m35it e
crane connected to a base platformon the first ship into a predeterm ned
position relative . Cak . | sec hj t he
omposi e or e cdiifnG: oArBEsIRUa: Wrkidele 3T st BidSRRAC RS S b
controllable latch frane; ii..a macro crane assenblﬁPadapted to be

i n
cormuni cati on wi t HfhPredetepnined RestUQR Elaii%y to C#gO R PF g1qvied MathyssRerbioythe

connected to the base platform and iii. a controller, operatively in
communi cati on vm'trsea@ndp%@tth@mnmsﬁeﬁyanﬁﬁ@mpns,mgi crane assenbly or (b) the
macro crane assenbly; c. connecting the mcro crane assenbly to the cargo;
and d. using a cointrol anjmoictdnmaseabdyicbinprikiag tliventtalidbiolatobrfrange; cont r ol
the controllable latch frame in a predeterm ned nunber of degrees of

freedom 16. Theijjret hody @hacd @tdHelmsedbI§ RiaPtedSioNBe 3n CRRIF @ icaod O%ith hik
further conprises at |east one of (i) uSing a control algorithm accessible

to the controller to rmﬁﬁﬁ:r(% Pl%ng‘a eﬂlgﬁ; #m 8%pg?1leyass$69nt}1£%nﬂe t%dqgmg%s',e
relative to the target plaitorm(and“éargo) I's mnimzed of (il1) using a
contr ol algorithnlacceSﬁi le to.the controller to nove the mcro crane
assenbly and cargo onc Pi9Edo that its motion relative to the target
platformand nearby cargo is mnimzed until lifted to a predeterm ned
position. 17. Thél net hcdcwitrodieniapemtyelyia cemmunimatipn vath afliegst anel of (@ thecond
ship are at | east one of
micro crane assembly or (b) the macro crane assembly;
c. connecting the micro crane assembly to the cargo; and
d. using a control algorithm accessible to the controller to control the
controllable latch frame in a predetermined number of degrees of freedom.

16.  The method of claim 15, wherein using a control algorithm further comprises at least

one of (i) using a control algorithm accessible to the controller to move the micro crane

assembly so that its motion relative to the target platform (and cargo) is minimized or (ii)

using a control algorithm accessible to the controller to move the micro crane assembly and

cargo once lifted so that its motion relative to the target platform and nearby cargo is

minimized until lifted to a predetermined position.

17.  The method of claim 15, wherein the first ship and the second ship are at least one of

(i) secured to each other, (ii) not secured to each other, (iii) at rest, or (iv) moving in a

substantially parallel course.

18.  The method of claim 15, further comprising using a kinematic control algorithm

accessible to the controller to at least one of (i) maintain a suspension point of the micro

crane assembly in a substantially steady state in inertial space despite motion of the base

platform or (ii) moving to compensate for some of the movement of the target platform.



(i) secured to each other, (ii) not secured to each other, (iii) at rest,
or (iv) noving in a substantially paral iel course. 18. The nethod of claim
15, furt wo 20@m3e903i ng usi ng a ki nenat ill control al gor i Phmuscas®»sisdt e to
the controller to at |least one of (i) maintain a suspension point of the

m cro cragpe senb i .subst iall ady state in.inertial spac
despite %t i gﬁwo]fleﬁqﬁg Qgé‘zaé%pf%ttﬁ'gﬁ% C(S)P%(n ;%I}n% 'f%% %6 o?tcg‘)lc?}ﬁ%lgth%?céesfsﬁﬁe g%me
of the npvenent of the target platform 19. The nethod of clajm 15, further
Conpr i i e CERTHIT  BiHe {5 Mishdiime fninat@elien BT e BhHERRAEE B e BEtbe
the latch frame so that notion of the latch frame relative to the target

pl at f or mlatformais madntaiedd within a predpiendiasémotkspacenor kspace. 20. The net hod of
claim15, further conprising using a control algorithm accessible to the
control |2 t oTHeomethbh @ flcddimhl §, rfaftBerasothpeRingousiic & cohfréledgsithinh@icesstilé e of
the cargo relative to the target platformand nearby cargo is at |east one

of (i) NhoicBh#E&M: Yhthbvd tHe! BEICEERE 288 chRS HRRT L Wt Yotidd of ﬁféCéaTrgchat

the latching frame renmains substantially centered in the workspace of~the

MCro crafifvéss ﬁ\rc-r:btlayg'et platform and nearby cargo is at least one of (i) minimized until lifted
clear of the nearby cargo or (ii) such that the latching frame remains substantially centered in

the workspace of the micro crane assembly.



