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[0001] This application clains the benefit of U S

Pr ovi si onal lication No. 60-774. 782 filed

TITLEepr uary 174 1-MABEMANS [ TRR ARVERNPARRIYE SYPTEM

INVENTORE | nvemcmﬂ@@@%cé{)qf present invention relates
to a mani pul ator arm and drive systemthat can be

operated in nultiple nodes, |nclud|ng an on or off

node, ref eRIAY ROFPRERCE 'ﬁ@ R’E APEE AFPRJEA TOON
spatially correspondent node. The multi - node

[A04A] pulTéltSoﬁpﬁrqﬁlamopl@lm8v§1 bg‘l@tﬁérﬁfoﬂs hBroyiss@nahtApplication No.
) aulically operated subsea.
607762?2?@%??8%%€Pp$%e rior Art [0003] Prior art
mani pul ator arns are available in two alternate
primary nodes BACKERQ)UNIAOE THHENKENTION i al |y
correspondent ("SC') node mani pul ators. In rate node,
Ficld ©ddhe Iofentibe mani pul at or degrees-of -freedom (DOF) is
controlled by an actuator which in turnis controlled
[0002] & dihe @edsemiak At eRics talaviBadip@htor SrrRiahb liive Ykdtym that can
on or fully off. While the term "rate node" is
be opeead inamultiple medes. srelndiag anron e offempsulraferied de teegin as a “rate
i | 4> t|
mode f hlh g?ﬁ%glﬁg %Ig{)s éﬁ%%% f‘ sc gﬁ{oﬂhl EH?TD gﬂti 91 gg gr}a.% d)utlangr arm and drive
systerh @t eherpeel@nt inhentivardap bt apdlfauhc;adllym)ﬁ)elrasedeﬂuer novi ng at
full speed or it is conpletely stopped. In prior art
rare e, the rate of novenent of the manipul ator
Descr j Pr olled. It would be advantageous to
have a single nanlpulator that could be selectlvely
(0993} at Edor preranbvulaer ames argqawakablq oodwp alieriaig origse modes
t r@gq tg @by
(type H’? bcgegahntd %Ftla{ls{cc% %d&%gr ée@ Cn?%%e?%{lrﬁﬁ@at?ﬁrmlnqate mode, each
of thecimampelaﬂor deiess-biHfiicbdrm ((B%QSS aaittedlet dy of ad:ttiﬁor which in turn is

ri t uat or n tu CaUS
contrglfedyy é@rﬁ%wf P ﬁim &ﬁfﬁtls arth%re%ﬂ%ﬁp or p:e%tle ghe term
“rate DY O riiAfIfar PhEsd ﬁk"ﬂ{bdq{l %@ﬁﬁﬁﬁ?hﬁfor Abm Artt it%es J&ﬁ)rowde a literal

oper at or iIs not 1n control vel OCIty of
deSCI‘IthJDIm of te fmg@waaitcapablh@es af this ngidep lIly paer a'rom/ceo]fnbde the manipulator
eedb ck is

joint i $1Acs Bing & GRsBelERSt sleStPlesetd Rt et dagirpags. the rate

of mdvenBht ¢ ths egBRflatotiid Is MR corRSIIddhak wduld Be hdh@nei@sbUsed have a
position/orientation.
single manipulator that could be selectively operated in either of these modes.

[0004] In rate mode operation, the rate mode controller allows simple, on/off control
of one or more actuator control channels. This further causes actuation of the appropriate
actuator which, in turn causes movement of the appropriate arm joint or segment. The
operator may actuate more than one actuator at a time. The operator is not in control of the
velocity of the joint or segment since it is simply an “on/off” function. In rate mode, joint
position feedback is not present. The operator simply actuates the desired joint or segment

until he sees that it is the desired position/orientation.

[0005] A rate mode manipulator arm and drive system suitable for subsea

applications is shown in Figure 1. The rate mode manipulator shown in Figure 1 is suitable



[ 0005] A rate node mani pul ator arm and drive system
sui table for subsea applications is shown in Figure
wa@a2007loes3pat e node mani pul at or shown in Fi gure BCT/§S2007/062293
suitable 1 WD 2007/098391 PCT/ US2007/ 062293 for use
wi th a mani pul at or, havi.ng a S|ngle degree of freedom
for usewith pemppipwlator havigg ey %ﬁl@? degise i reedom- iy wig M9As the operator
energfz@@tar(ﬁllecﬂ@ﬂa‘l' goﬁ’tyolck%We cdsiHY MuAN@lal BHESRNS Qfiton in order to
button in order to nove the directional contro
rnovevthd: darectamdl hem:ncé iahe, aod bat@r thejastuatoe, tethierdedired direction. Rate
rection e ul rs operate in _an
model g ERU R, oD TAEHIOR, \PERAPRP « AT BRETETDR e sPealusdopsscs the
correspBhdiRS RARGA B9 bRHSAOMtATthE wahSRSatstoidt drlj8infRMOPE Inﬁb Qﬁe desired
joint "or joints nove into the desirted position.
positigper &ho mpmmrt moglt@rlﬁethpomsntmn obfthe Heanmﬂatpm‘asl@lly In subsca
applicflSHELYe abrROVOREE PR hERRAR S nE LA e Fhere s no
positiP® fdetibak sig@arhpatled $i ﬂié&hatiﬂpulbtbiﬁdltﬂom elebgorigynitsplfl at or
control el ectronics itself. [0006] Rate node provides
nore_awkward net hod of controlllng a nanlﬁglator arm

4098k s@afpgede providlgep margpwkraidemetand plisetioging amanipulator arm
than S HBIdQ rho%\%qzell S8 nffds o oﬁu‘?atidﬁ'% ér atnla%ks c§§fl3ml3qﬁlplement than

rmnlpualon Araermermnlp I's al so “nor
SC moéd immbipeldioan Ana@@nnab&jmantmtatcpuﬂsaﬂm mbec adlisblei than an SC mode

.requires less electronics than de nnn ulator
mamr[@g@fvﬁecweméq@&ﬂﬁ%@?% Bu Toa Shsmogser okt
control |l ed node"), the position of each mani pul at or

[0007] ] OilMthd SCKASIN(aBBkfoNH &0t JoBRlion TRIr6d dhod@", &€ position of
mani pul ator system conprises two parts: a master and

cach gasipalptor aThgomads krows apth complied delvipieallyotn 8k ramtipdried system
cornph?esq“fo E)?HQ r%ystté’rm Idedrslave atThe ?nag%‘j 1%:1l 1chev1§g orﬁégt%%{bodled ina

OSG

hand eartoller edt ﬁSeqfuﬁ@ed) pﬁthad ﬁﬁmﬁé}\/cﬁ“sjoﬁlfsewﬁmtalhghﬂaﬁposnlon is measured
General ly, the master has a joint arrangenent that
and merHiogd ehdhg eperatosrpavryeterongpliethe Gangiplly. fhoowasterrias a joint

arran \ﬁ?tﬂagmtngﬁs %&bwhﬂlﬁé ln*eh?@l} tilii Fﬂi@@ mani pul ator is a

e-robotic ar ave W nove in proportion
to the master hand controller. If a joint on the
[09881 er Tihs shwe escthe aianipu}l,a,tortih;elfs Tav majnip'utfaton/@is laltelppelaptic arm. The

sl.ow If th ster sl.ave wi ||
stave §g ok i propgioTa et SeTBUIty )T bk TTRG 161 paer i moved
slowly Qh@&lﬁv@ﬁ)‘i’nﬁﬁﬁrﬁ&tesslo&@r NefRAAetertiPmbled qBMOMBBL1aQE will move
he "master" controller joints and segnents. An SC

qulckhmd dheremoysimeat dvelegitn arfdhe dtave goiys pednsegmatibiiporigspond” to the
move{nﬁgtu rf%hz“ sq Q%Lnttr@?er rll%mg anﬁé q har%% e]inlgb Rl }I{agﬂ)u%ﬁtor arm and

& frast e™3% 6h
drive system is shown in Figure 2.

[0009]  Positions or changes-in-position of the master’s joints and segments is
monitored by a local control computer. The local control computer sends the appropriate
signals to the remote control computer in response to master controller inputs. The remote
control computer monitors the position of the arm joints and segments and compares those
positions with the position information sent from the local control computer. It then performs

the necessary calculations to determine the direction and magnitude of the signals required



nonitored by a | ocal control conputer. The |oca
control conputer sends the appropriate signals to the
WO 0vstes3gpnt rol conputer in response to nmasterPCT/US2007/062293
controller inputs. The renpte control conputer
nmonitors the position of the armjoints and segnents. .
from ah?da%ﬁﬁ%fc@%trquas%fd%&ir@qvan%leva%%tqrhear&og?rtqeo ¢ arm joints and
segmdrilf, & MR APp&EMn from the | ocal control conputer. It
then perforns the necessary calculations to determ ne
the direction and magni tude of the signals required 2
[080P 00 P1i00 83 ST maTipui8Ro9FpaaR a9 3closadslepp’ hamodet whithuses an error

sana S8 BT G PG FRP RN ool PGS it i
contifu@sIP] coRffagdd & theSEesiRaijpiak PoSikisn RS idfi€atéd by the position of the
"cl osed-1 oop"” node, which uses an error signal that

master’ 8 pRaseung fointhand g diregHonandaerniai ey gorreaperdinm cempl valve

. . . . r .

s mogl B8 35 L) B2 SO0 LOUMBLURATPAEE ST E i ot

propoetionth) éntegral detivaivedPENilogp.j oi nt) and the direction and
magni tude of the corresponding control valve is

b R T 5 R Sk iptcemento
one oPARRTBIRNA monRbRAM@lth adREHIVAL Inb&ntibhPler, 80Bthef O3ddn sensor.
In exi'sting mani pul ator or robotic arm designs, the

Theseaeguirasordé spit af ershanicfl coomstion, typicelly aishafs, hegween the moveable

porio 0 Pt L 5 SR S L G ers B om movcani
portidﬁ&ffhﬁ@}idiﬁlﬂ. BONRELEE OivirdnyiRing 3héchamicsin@hhectidal WeeR shdfe must be
noveabl e portion of the joint and the sensor. Sensors

cquippge Withpi BaFhapiceblcannackion 6prrty Msgvonhscavgiernpiesen énto the sensor.

This IHQJH%#H%QI c% négﬁ%njsgél% P]rolng tc?fa‘?lﬂpes ﬁrﬁlfs?gs\ﬁllt{n%tniﬁgﬂé subsequent failure of
nechani cal connection, €.g. a shaft, nu be eqd1ppe§

the sewédrh a nmechani cal connection seal to prevent seawater
intrusion into the sensor. This nechani cal connecti on

seal is prone tqQ failure, thus resulting in the .
(I qGSHNE SPIHHPRS TeAuIrg decreis ygng l%?rcﬁ?ig]se“é% Gptagd. Arms with

large ﬁ&hH&F ;6@ ‘jc“’joiﬁte&#%(fr% it uBe lrc%hﬁdé’i‘iaﬁlie RErihQth426H bS ANBLHIt to install and

“installed. Ar arge nunbers-of joint sensors
maintpigqui re consi derable wiring that can be difficult to
install and nmintain. [0013] Existing sensor types

fLen ire that, sone.sort of host controller rea
3 o FS bR Sebl vBReopfb il B° bB Sefict Fou! §hlgler read
analog ©8lQty@ht £€ pRsfuedd b iRt Rhsor, [Nk Sa fe@slvér ®Sotdnfidineted e This requires
control |l er provide processing power to read, filter,
that thgnepniteHprepromide mERaesTIRES POV clctadRadbffilter, and scale the readings of cach of

the sensors which have had to transmit analog signals over long, noise-prone conductors.

[0014]  Prior art SC mode manipulator systems have several problems. Each joint of
the slave must be equipped with a position feedback device such as an encoder, resolver, or
potentiometer. The control algorithm must have a reliable signal from this device in order for
the manipulator to work. If any of the feedback devices fail, then the manipulator is

unusable.

[0015] The velocity and acceleration of the slave joints must be variable and,

preferably, stepless. Traditionally, this has been achieved by using hydraulic servo valves



t he sensors which have had to transmt anal og signals
over |ong, noise-prone conductors. [0014] Prior art SC
woreee/0psni pul at or systens have several probl enBCT/ESZ007/062293

j Oi nt of the slave nust be equipped with a positi on

fee ce such as an encoder, resol ver,
Whlchp%ﬂf TPt Sra Srerne: bt F hiply P4 BARPRAISY TRBGRRIUER due to lack of
fluid El%!lﬂlﬁlkekse h§ghgfé§1kagfer19{@ "aﬁ‘d fighept&ard H‘rograﬁl &gt Abw Lld€. In order to
mani pul at or to work any of the feedback devices
increafailte, longtmtytOIﬁdler&(h mauipatamr s 1solatadstatdlianlic [po@tHniTHEPU) is often

reauiidG, P SRnE CGTRUTMARY Spleba B MBI oy,

this has been achi eved by using hydraulic servo val ves
[091¥0 2@@7ﬁﬁ883ﬁeﬂmﬁ@t/0¥432&0345%3&83 rathhéede ﬁielﬁlfp@[atcfr@ Ub operate.
di sadvant ages, which are high cost, propensity for
They plsp Inievadeithe qnsrateicwitee flvid teuehc | A SCi meds mapipglgtor requires more
[ r [ f
respon SR 0% B loBRMEY i B AREHE: Hlluthor T s dp inereased
compleRity mﬂdatreﬂupechrre]he&mlh@t &d hy B@uhbde pomepulaot tvefddPl) dak mode
.often required. This adds to the cost, weight and
manipieN exi ty of the system [0016] SC node mani pul ators
are easier than rate node mani pul ators to operate.

They al so provigisdie TR @ FHDRAVRMNGSI d touch. An
SC node mani pulator requires nore responsive valves

[(ﬁﬁ';blel %‘f% [0 lilldg lg{gsegte%%&trﬁe §toan ?rg\aeasé/gt%m O'I'fh[hg prior art.
rellab|I|ty for an SC node mani pul ator versus a rate
[00a8 Fanirpal dpats alDESGRtcPHb NNk plhHo DRAIMNGSs sl f the prior
Figure 1 depicts a rate node mani pul ator and drive
art. systemof the prior art. [0018] Figure 2 depicts an
SC rate node mani pul ator and drive systemof the prior
(o1 [ @844 3Fisgal”s§st§n'l§véi‘ & %?Eﬁ”&ﬂ £¥elt Me@@n%od@ment of the
' first preferred enbodi ment of the |nvent|on [ 0020]
invenfpmyure 4a is a system |l evel diagramof a second
preferred enbodi ment of the invention selectively
at t 0 r ' -
[@3@ |F \1;ée lﬂa dJ] s?en? l{r%ij fia %:ag[h éil pr e %H ?%Iérgﬁ%gl&%%%lﬁ}ent of the
invenﬁ)énd §d11@tlvblly\t@6ialt1ﬁ@ llﬁﬂlleeﬁtb Imtﬁlle)/ oper at i ng in the SC
node.

[0021]  Figure 4b is a system level diagram of a second preferred embodiment of the

invention selectively operating in the SC mode.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0022] Preferred embodiments of the invention are directed to a multi-mode
manipulator arm and drive system capable of driving and/or controlling a manipulator arm in
either a selected rate mode or SC mode, as shown in Figures 3, 4a and 4b. A preferred
embodiment of the invention comprises one or more rate mode selector switches 10, each of
which is configured to output a rate mode signal capable of driving a manipulator arm in a
rate mode. In preferred embodiments, each rate mode selector switch is a push button or a
toggle switch. In another preferred embodiment, the rate mode selector switch is operable to

be placed in an open position or in a closed position by an operator. In a preferred



DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [ 0022]
Preferred enbodi nents of the invention are directed to
wa@2owmlops3snode nmani pul ator arm and drive syst ePCT/HPREDY/@62293
of driving and/or controlling a manipulator armin
h I h '
embof T H S B SOl 8o Tt ot o o e
contrdI@M€Nt i on conprises one or nore rate node sel ector
swtches 10, each of which is configured to output a
rate node signal capable of driving a manipul ator arm
[0023 ] ﬁmpélenméoodlmer;ﬁr@f@pr@@lemmo@nmm’ws a digethl signal input 16
0 ush t on
opera{ 17 R s e eI B T Aol hanth fion' AR digiat sienal
input $&JiQEk Qf cifitizt 6 theS diRRET RPLEsikRal \bl@enpﬂh@%té hBdARCtORRM switch is
position or in a closed position by an operator. In a

depreped pad Fegisters thyp oty dggalgnpEcTENaE»HoT fippagmode actuation switch
is releglggﬂh% IR0 1n;Pl?§L§s 1S,8pfjabe node selector switch for

olnt o € rani pulator armto be controll ed.
[0023] Anot her enbodi nent of the invention conprises a
[(wzg] t alA gir¢featd | anphadirthént opehatinveltipnc uthiee dcohpristse a spatially
node Ie tor or.actuation switch such that the
correqgpfareORF Qa1 AR HIS Ad Wl Ga A oReured To output a

spatlaﬁ& Qbﬁ@épohﬂﬁh’tm@degéq@al wagBndinetd Ak %oﬁ@ﬂgﬁ o@@ﬁé"ﬁ\taétetnand capable of
is depressed and registers the opposit

drlvmgu agmaaipulatcpmmgm aipatiag gotrbgpondent naastte anshavat uoﬁlgure 3a. Ina

switch ..is r ease sho igures 3, 4a and 4
preferf o itodgpt PR B SR Pt @R Dent dfr G Ppigher. such
as a jGABK| $L8 p@ef'élﬁé"d bdbbdimeaQ &E@ﬁlﬁﬁ@ﬂ&ﬁhpt%@@hrr@h{b%f ofldnalog sensors

conprising a position adjustable master configured to

equal duithgurunzber 9pdegrasy of feendpmspiohelslave. mpigas engnker example the master
for a rsfg%ho rclg%rgg otf%réelagmp%ﬁh%)hfﬁ?oro&/oﬁlrdeha%%%u? ran %g &%E&?l ®n another
0 dri¥1rng a mani pu

or armin

prefereql ¢ralsqidmeietnthemdesr vasild bampridern dmgel dgltahmphﬂoa)pen and close the
preferred enbodi nent, the spatially correspondent node
manifeTi8MPer is a hand controller, such as a joystick.
In a preferred enbodi nent, the mast er conprises a

[0dg8Per A0 re@é??édoéfnm@ﬁtsof 1‘1319 YadentiBn tfﬂﬁhé?%ﬁﬁiség a mode selector

degrees of freedom of the slave, m nus one.
deviceXdwptmtivélp coeged o saimtlvalyste«mm ddlgast @nopof ﬂreeletbommde signal and
ave six orSs. anot

the seppObEHp BB et o B ST GBCRAT S (BTG Rode signa

or theSpRGHIE @ir@bpoldeht 1 40the @@1@0‘[@@ ¢hoalk @fgﬁalt @ a preferred embodiment,
mani pul ator jaws. [0025] A preferred enbodi nent of the

the mpee/safedtesreomprispied sdeip $veitoh confreeed sebdeqtene of at least two inputs.

In this embodiment, the selector switch can be positioned by an operator to select between the
rate mode signal and the spatially correspondent mode signal. The combination of the rate
mode selection switch, spatially correspondent controller, and mode selector device can be
used as a multi-mode manipulator drive selection system that can be used to selectively

control manipulator operations in the selected mode.

[0026]  Another embodiment, the invention further comprises a local control computer
15 operatively connected to receive the selected mode signal and to output a remote control
input signal. In a preferred embodiment, the local control computer is capable of transmitting

the remote control input signal to a remote control computer via a wire or optical fiber. The



device 13 operatively coupled to selectively receive
at |l east one of the rate node signal and the

W@ p@wiogdsby correspondent node signal and to sePeDUBwe!/§62293
out put one of the rate node signal or the spatially

correspondent _signal as the selected nDd
term ‘ CORPHIGH o WYFH AT 1 COMPATECS FORNS T QRIP LY &rﬁsﬁa cugd elalbodlment

the loéﬁl Rakor co?f%lft&hs CORfi M &AcI R ltl?ecénam'%eco%roﬁglgheﬁ @8dcived from
two 1 nputs. In this enbod nment, ector swtch
the spgaatilyb@rmsmltdleommttbyera\mtlm pi@rmlsamntsmrsbteeenvecb évwethn atthecgment

positigf s P8t B 1EGRise AR Erigh o At S R AR, R mdRtGde of the

differSiWettefiveciRB v i¥n QM5 SERANHEFEuCIN ThQInk @mbodMbnRHR controller
sel ector device can be used as a nulti-nopde

comprigasiagllPdpep. drive sel ection systemthat can be used to
selectively control mani pul ator operations in the
[(ﬁﬁbgm Trg &%%anné%?ttﬁg ‘im%HHS’ hﬂzﬁ{é% ’cm{nBﬁses ¥ernote control
inventi on Rer conprises a local con

cornplltEr (lpedspﬁratmlw comoedt wdthcolocgceint®] tcoempaek eot Iedelm‘n diec remote

gnal and to output a renote contro|- i nput signha
contrip m@ub S8t 18 oy vt ACIRIOT | EEP! dBRIH N0 nﬂi}t grpreferred

emboﬂlﬁle‘ﬁf"ptﬁ@ L-&m&k OhROSMH dt&gls ctaE‘p 1€ %Wé&l\ﬁﬁ@?ﬂeofen{om@ Bdntrol input

signdl to a renote con uter via a wre or
signalopln gadthdri greferred h:mboalnmt 2\@5)&/3 08838l RETAUSROPVLCO6L ABBIved in

s DAL S RS P SRSBIEERSE B oy om o

remot6 Q¥ frel cERPIEE. EMni HnROPfrGHidetmbiFRARAHR IRen@iAiO8perable to
control signal received from the spatlally

contrq omeripplatte nocyehtsubickeras wiolvnt e powks i bndsiagAaftd. In subsea
G5B R 5Pt TRBBREE Vo Ry ] ltois e
softwﬂﬁgafslshbd'ﬁu@i?lgﬁl% 3,daﬁ1fueme.nce between the two si gnal S,

as shown in Figure 3. In one embodiment, this

controller conprises a PID |oop. [0027] In a
} er i DEsHERA SrabRA imeie therigentips urfhfr £HBPTIYS RPraryater control

19 coﬁ%ﬁ% L a SORE TR Fctﬁﬁgp Hoiitol :l'%pu? @%‘HI af Antf EoYoult il r%1‘?1°e{cﬁgltchr(bosmon

control conputer t ve the renote
signalc enghosin in rF;i)gureSAilagnmil 4band anothouprpferred rbotl inadndrwitoa b teé-robotic

. nput  sSi rﬁ rr.ed . enbodi nent, the renot
arm i 5FR% e slbsrs o EEh b RERas Gpty! R DMERG sonfigured to
recciveObiR! frdMPée oS ndRal posiidn 8810V A6kt PT&UBLKE bnsors. In a preferred
enbodi nent, where the |ocal control conputer is

embodlimept,vibd dctuatag] cosidl Ilsoo@ab@nof @¢tm@f upont désered gbont iposition and/or

VGIOCI?\% %?Iéﬁaéll(?ﬁt ?o&mggﬁ%{b?}ee 1rem|0;r,,|er ec TgPlé 2% e@palflt el’Ifllgan rnerlilt where a

tele-réyBipi@ A b Smotdie biyN¥dhhIaN a'cfua@;@@rﬂ@' gcthfor GOAtr6I0ks capable of
nanlpulators | ocai ed subsea, as shown in Flgures 3, 4a
controllipg His. hydsaulighedees which supply hydraulic pressure and flow to the hydraulic

actuators.

[0029] In another preferred embodiment, the invention further comprises an actuator
21 configured to receive the actuator position signal and to move the manipulator arm
segment or joint, as shown in Figures 4a and 4b. The term signal, as used herein,
encompasses the transmission of data or other quantitative information via an electrical,
electromechanical, electromagnetic, electronic, or hydraulic medium. The actuator is

configured to move in response to the actuator position signal. The actuator imparts

6



applications, the renote control conputer conprises
subsea telenetry electronics and software, as shown

WO ooFiogespes 3, 4a and 4b. [0028] In a preferreBCT/US2007/062293
enbodi nent, the invention further conprises an

actuator control . 19 configured to recei ve the .
mechajpeal dprge t@ &rfF?H?F“Y%]&?&ﬁ'mé’PB%&}’fnéﬁ%Fn?I& Buopihangg the position and/or

Veloc@%Bflﬁitapge BRAL TRl S{o8BRY arnfiSe WM dofiplel 98 FiRSachAtddch that it
4b. In a%other preferred enbod nent, mﬁere a
moves e esspoirst focthe anonansent of ke egentat.ednian emigddoment- Whep hydraulic

fashion, the renote control c uter Jis, configured to
scruatpBoab $ad. R eaRar e S RER € o hEREEE pBHEs pySr and the
actuatbP ERAGK SR Y Sendrited iPTEIBHILH a GIFRRMUARIN] 1hBEof a hydraulic
actuator control is capable of acting upon desired

procegsaparamesess isehoss adarubie pressig i flpwi. nihangtier orefersaginpzpdiment, the
: L0 - cont .CO er ' t
inven{ ek BT oGO Py SATRHAR 2, ) B0 LR
actuators, the actuator control is capable of
[0830] r olAn exgbddimchityolff thigl incentmhviasthwheahprisgp pl ioveable manipulator

hydraul ic pressure and. flow to the hydraulic
arm 44 apd, 3 pgpition peiyointdS ‘PI?PT%IW&%‘@UP%&dé? e BenipwalE e ARd cqufigured to
output Qﬁ@ﬁﬁbl_@ ﬂéflél b N E4tive IR lg@sﬁlcﬁ‘lrbfstﬁé Hﬁhgﬁlatg{:larﬁl‘? B¢ Ll Figure
to receivé the actuator position signal and to nove
3. It heothemppidretdoembrdimeste ghe ntanguljtoi atm caspsiseyvmuitiple segments,
F% res 4a@and 4b. The term signal, as used herein,
conncg ggﬁﬁ%@&@ JPHE transni ssion of data or ot her
guantitative information via an electrical,

[0DBEFT I AR EHRA Mt im@tt asft the MRgaRIohClur@ke ebmpPAiE, a Wydraulic drive
hydraul i c medium The actuator is configured to nove

systerp 40 cempipiag atfstneet e e gerond pegsi ¢ prepsitipmal conrebsolenoid 34, and

a dire@§S ld%oq{tro;l UF'% 580 9ra¥i@t399 ZAr?f? %%egcfm%qysp@?ﬁQQZA 81%%% %ﬁd a second

rechani cal ' 1ofce ro a respec IXe tele-TopotT e arm

directiomgiiedd, a? Shéwon 6hBipge: 3.hén pos pidfaredasmbcalimemethediteyti@fal control
that segnent. The tele-robotic arm segnment is coupled

valve iga f‘fYéaYgétﬁfPéltt@P Peepatieniatalive. Thiswarauic dgyp sydem fpcqniigured to
receis’%&ﬁ? ;ﬂﬁlﬁp&eﬁo} Mua@fbhgsa%&ﬁ frohd! gf’%nc%lﬁﬂ% I‘HF%CG%E "#d to receive the

I'c actuator re use e actuator is a
error ényrcrcaion signalyfrom dier spatialdy boyrchisperideat motacontend sysatror Tamschydraulic

. the actuator position. signal s erated in response
crive 5o i Bt e vl BrrantiouE PR e S et R rsponse o
the mPAp@AIRY BEtuatfiCig@e ahY tHealor CoREQRAUIFaPivhéd MW.préfbrtional control

another preferred enbodinent, the invention conprises
solenaid ianmasieryireentfiguoationi ol thenboit cpdfigdrations dbh hpdnaulic drive system

: t. |0 nhodi f the i tion furth
recei G AL OB SRR BRF S of e macanacn Ut

position sensor 45 operatively coupled to the
[0982] pulTaisosmbédimandol arf inguitkeh fi@ther comprises a first hydraulic fluid

channel 31 comprising a first end 33 connected to the first port 32 and a second end 35
opposite the first end, as shown in Figure 3. This embodiment of the invention further
comprises a second hydraulic fluid channel 37 comprising a first end 39 connected to the
second port 49 and a second end 38 opposite the first end, as shown in Figure 3. When the
proportional control solenoid is placed in a second configuration, the direction of hydraulic
fluid flow through fluid channels 31 and 37 and through ports 32 and 49 is reversed, from the

direction of such flow when the control solenoid is in a first configuration.



out put a position signal indicative of the position of
the mani pulator arm as shown in Figure 3. In another

w@e@eessed enbodi ment, the mani pul at or arm conpCT/E8R07/062293
mul ti pl e segnments, connected by nultiple joints.

31] _Anot her .enbodjinment of .the inventiaon further =
l‘{é’ggﬂo abs’ smbrtiman o i inyentiasy Syrty Sompiisr élVH@uac piston 42
cornplflélﬁéfa fﬁﬁrﬂort?lﬁ' co%né&@cp{thQ Qécron&%nd 8f ﬁ%%&r g‘d%ﬁk ﬂuld channel and
con sol enoi d 34, di recti onal trol valve

a secd@ p@pfe43acbinae¢tod bethe @nctqngmné of ithre seeénd ktdrailicefbtid oharmebigich that
a seco dlreg} on

when 3RS dBpGRBRT Sop S Brioniened aT o Bt Siafli RS, Bdraic fuid

cjected Fone tHeSdrivedy e fldvPRe) thie AstiyoPPAidt du@ B8 kheVsdbNRY poHicBusing the
hydraul ic drive systemis configured to receive t he

pistomigrexpeiidaid waier dle disertiohgreantrpl vaye Hecatifighted| ingi sprend direction
rnode 1? é\{%rﬂm&‘ %c{eﬁ f{o%f?ﬁ{ c{%lvelle%tel%rf{ows ol t'hg%& %8 %{rtgarllﬁlout of the
mt he 'y corres on de cont §
first plim Sadgm@rtmj piston td rétveRt, 2y Shew iis Figutd helThe pﬁfdngiy raﬁd cbﬁ)nected to
eject hydrauljc fluid thrqqugh the first port in
the mﬁ@@bl@wé armgsuch fat pgtension oF élae BiStonaaReRY 8P mRANt ghhe manipulator
arm 11?5rf9§t (ﬁ%rc{l@r‘f Eﬁcpfétlébt%haé)f t%?ﬁt&dqgaugésotﬂQ{r é?ﬂ%k tlfe_olﬂaﬁlsﬁlator arm
l'enord Is Inafirst configuration. In this first
1nas@nnddguﬁmmjon, the hydraulic drive system receives
hydraulic quid t hough the second port 49 [0032] Thi s

the i nvention further. co rs
AP SRS by Soukeln S IRy st graerd Srbafificpls of the
invenGORRCHE Adlhtd S8 of bl thB @4tk add SENFhodesS e[@@fbgreﬁ Rehbddiments of the
opposite the first end, as shown in Figure 3. This
inven@erbbaticrapusition fe¢batindesied fon cddiripmeand edayet Saanadulating the flow
ec raulic . flui.d channel 37 conprising a first
tOGM%ilgﬁg) %ﬁ m&@ dﬂphewﬁng second port 49 and a second
end 38 opposite the first end, as shown in Figure 3.
(0088 t e a prefepod tehibodimanonthe Ghvendbe meéstprooribagiefow Ndigectional

second confi guration, the direction of hydr aul i c
contrql|vaf¥gsf 1 RicoubActianRidthe il ssrep valies @ biyg a lower pressure

drop 5&5&“91'%1002;1@ éﬁé%cﬁ??na‘i% alw 158 ?d' siRde t(ﬁlFI%m bP€ont grnmated oil. A

direction ent e control sol enoi IS 1N
propogidnial s§lve dn$ ndoakage oate tHat\mrIEQﬁ)Tlﬂﬁ)%ﬁﬁli of simple directional control

S2007/ 062293 ].Jhis e di ment .of th
valve tm%aﬁkyl Bh flhwwan@%ﬁm s'efewénwa |ﬂ“ilecm51?1§tﬂawr&§n joints do not
drift 4@ ml%lceﬁuﬁmﬁlbhﬁmtsﬁﬁg offostiyanected to the second end
of e first hydraulic fluid channel and a second

port 43 connected to the second end of the second '
[G9g6} au ll?qycemplmynngcmnwéuon@luwwzmépecwlﬁédu soffeare, and electronics, a

prefetge({ gr%{) Hl%lllt odfo Mk 119\aen¥1 cgn ?3? 5% dtcfle(ptl %ﬁ $Caand rﬁlse modes at any

rection no raul i ej ec romt

time. df,ivilcsopstaging fin SGEModY, @ pbéigod fde&baoﬂi@;éﬁsoaBl%tﬂdlfalk)fhetdjﬁrator can
second paort, causing the
switch the manipulator from SC mode to rate mode and continue working. Alternatively, the

mode can be switched back and forth as a consequence of operator preference.

[0037] There are scenarios where it would be desirable to operate some of the
manipulator joints in SC mode while other joints are operated in rate mode. This would be
implemented largely in software but would require that the topside control console be

equipped with a means for setting operating modes for individual joints. The simplest



pi ston to extend, and when the directional contro
valve is configured in a second direction node,
whg@raesspr fluid ejected fromthe drive systenPdT/o8m07/062293
into the second port and out of the first port,
causi ng e pi st o retract, as homn in gure 3.
arrangement i w&ﬂcqnélsapg Botbdreiadat 8 oggle s fwﬂr Hrdqatogrlamp (LED)
jforezlglyj;hmihat extensi on of the piston causes novenent of
he mani pulator armin a first direction and
retractlon of the piston causes novenent of the
[0088] pulTae dercaving diiaqloaume&ndrmsmmientdf cbhtf: inpemiamp athidlustrative and
contr

explafPfih U ERAL bina T SEARNAS Aol BaPLBLSHE S8 gy inthg fotais of the

illustre@¥NcdRuétainCardingt SG1NBEREc HERSE hia ngeeﬂfa@@iwmﬂnaﬁtsci@amng from
the invention have a position feedback device for

the sparicH theoinwentiid a devi ce for nodul ating the flow to
each actuator associated with the joint. [0035] In a
preferred enbodi nent, the invention uses proportiona
flow, directional control valves. These are a
fraction of the cost of servo valves and have a | ower
pressure drop across them The proportional valve is
al so nore tolerant of contam nated oil. A
proportional valve has a | eakage rate that corresponds
to that of sinple directional control valve typically
used in rate mani pul ators. This nmeans that the
mani pul ator armjoints do not drift and require
conti nuous nonitoring of position. [0036] By enpl oyi ng
proportional valves, specialized software, and
el ectronics, a preferred enbodi nent of the invention
can be switched between SC and rate nodes at any
time. If, while operating in SC nbde, a position
f eedback sensor should fail, the operator can swtch
t he mani pul ator from SC node to rate node and conti nue
working. Alternatively, the node can be sw tched back
and forth as a consequence of operator preference.
[0037] There are scenarios where it would be desirable
to operate sone of the manipulator joints in SC node
while other joints are operated in rate node. This
woul d be inplenented largely in software but would
require that the topside control console be equipped
with a nmeans for setting operating nodes for
i ndi vidual joints. The sinplest 8 WO 2007/098391
PCT/ US2007/ 062293 arrangenent woul d consi st of
not hing nore than a toggle switch and indicator |anmp
(LED) for each joint.



[0038] The foregoing disclosure and description of the
inventions are illustrative and explanatory. Various

waebangessi n t he size, shape, and naterial s, asP@EUB208%062293

in the details of the illustrative construction

nd/ or an _illustrative nethod nmay be made w t hout
VVHA%@S&$¥$ﬁ6EPH§h1 the spirit of the invention. 9 WO

1.

2007/ 098391 PCT/ US2007/ 062293 WHAT 1S CLAIMED IS: 1.

A ARBhBUHa B AFivE & sHShBEhEONPri sing: a. a rate node

sel ector switch configured To output a rate node drive
siagnal a retpriole selectar iswiitaly canfigurice up augnut ar raté maderdnivs signal
mode; b, 1S3l Yo SonnERRoRdent Sontdee! | er

conprigﬂh a pésfﬁﬁo%lggjus b1 " AESt &Y tonfigured to

oyt put aaspaRdly abrkdspERiche sPRRIRAoNMPESInE ANpEsions h@dgthble master
responsive to the position of the master and capabl e )
of dri ¢PHEgwEChIQUIRNLt atigbheqrresaondspmogg pgntrol signal responsive
corres ent...ades I N .
oper at oo Pl G f o BRI RERENe EFHpERIpor am in «
one ofpdthdyrcatrespondiet dodeeargli gnal and the spatially
correspondent node control . signal and to se|ectivel

ofit put 2dR¥corlacky dexice oppigtively r?PPPJFg &9 @fﬂ%ﬂtwsly eReve at least one

spat i abkyhLRhE BRRQ Qﬁfs’%t siggag gtlnﬁ qgé rs%;cieaﬂg %?Ilesﬁb?ldgﬁiemo?e control

sel ected node contro S rve systemo
cl ai m tignehardeionscldvavelsit atpadmmesed thet @te swidt clonirsl signal or the

h button. 3. The dri t f claiml1l, wherei
the 'spaRttaHl}ySolisPadhtinent ke ctsaet 8t 1T SPEEE gy contol

controkjegpl. 4. The nanipulator drive systemof claim
1, further conprising a | ocal control conputer

oggrapively connected to receive the sel ected node
cdhe deve sysimapf elaian { ovbgreipdbe wte medpsadeceriviish ise el button.

5. The mani pul ator drive systemof claim4, further

Cc ri.Sj r C : '
cOMReLTEaA & AR LS PAE o PR ToaP IR T B smpirger e
r éamt eontrotiat. r ol signal and to output an actuator

control input signal. 6. The manipul ator drive system
of ,.claimb5, erein the. |l acal coptrol conputer is
fThe manipu atoy\é]rlve system of claim i, furtﬂer comprls{rrl?g a local control computer
operatively connected to receive the selected mode control signal and to output a

remote control signal.

The manipulator drive system of claim 4, further comprising a remote control
computer operatively connected to the local control computer to receive the remote

control signal and to output an actuator control input signal.

The manipulator drive system of claim 5, wherein the local control computer is

operatively connected to the remote control computer via a wire.

The manipulator drive system of claim 5, wherein the local control computer is

operatively connected to the remote control computer via an optical fiber.

The manipulator drive system of claim 7, wherein the remote control computer

comprises telemetry electronics and software.

10



10.

11.

12.

13.

14.

operatively connected to the renote control conputer
via a wre. 7. The mani pul ator drive system of claim

w®200moes3ei n the | ocal control conputer is oOpePEL/USENY062293

connected to the renote control conputer via an
optical .fiber, 8. The I, r drive s sten1of
ofth iR 5 Y HETr RN 3 Z‘mhﬁé FORRBRY
CQNpri $89-AueloB BN BhBSIELR Fe%el@@ Qhes&ftﬁé’f@ﬂ' éaontrlapm\ﬁ@[ signal and

2007/ 098391 PCT/ US2007/ 062293 . The mani pul at or
drive gyeutpumamlfacalaanmoﬁt;rolfmumlhelgn@lonpr| sing: a. an

a tuat or contr ol onfjgured to recej ve th

o R afr Sonferd Bt Sy B pEGfloL Foltl il S RhA and t0 move
Controhlﬁﬁﬁﬁﬁéuﬁﬂ@@@hamb oﬁnmaﬁgﬁﬁtgﬂiconflgured to
recei ve the actuator conF gfut signal and to nove

i 6 r espoislserobotia la@mai,egmlatlfoﬁom te ¢he sityntar suethdghag. it gnoves in
Lol o1 aRALS BHD ASATRA o AL ke Lhe actuator such

t hat VES I N Tesponse e novenent of the

actuator 10. The nanlpulator drive systemof claim9,

WTaE edanipuleoradriveastystemi of caitnydg méigtdirc tha Gt watodis a hyldtaulithetuator.
nanipulator drive systen1of claim 10, wherein the

gpator ontrol naI Hg ‘gﬁed E response to

BarapsIAGE g SpYen g ﬁ&? 5B dBe @ciatos hopipl Signal is
%ene}—ﬁ@d RRL A AT PS pREEMENRYE (S8 fa IfldRIuT: %rocfekkr ﬂal?é?rﬁeter

conprising an arn1segnent position sensor configured

to sense the position of a tele-robotic arm segnent
addie mnmludmlt 1ave gysisi ¢fmhalnh%|fuﬁheircomp@mg ap@rmisegment position

r geWI]%tOF coCn r%l)lre selq?eu&le gosﬁli?n ofA a aee uolélgtagrﬁl s%éﬁrln%:/l% and to output a

?am@mm@bat@ sig-mhptbtth@rdhﬁit@cd’fﬁl%{ic&hpMEr.SI gnal capabl e
driving a mani pulator armin a rate node; b. a

spatlally correspondent hand controller conprising a
p W@W@Hagﬂﬂﬁ§?§ﬁ¥%ncﬂ%§?%chonf|gured to output a

spati al rﬁtec%ﬁg%%%ie@ ltgpc\’:%]pﬁ?lﬂ{é{i % ol e@l@aa! rate mo e drlve signal

respon3|ve to the position o mast capabl
of dri eapableofiarvinggd sboipulagrmrmnn a rapatodal | y
cgrrespon node; e selﬁctor devi ce

er at Pvmayalyoaﬁﬁ’f%%ﬂ’(’fl%ené é}aagﬁo%fr’ EURPRENG @ pesifign adjustable
one Ofndkhe batigut®ads cﬂﬁﬁlﬁea shangl Rpdspdi@csPabi@lcbiirol signal

correspondent nbde cont
responsive to the posmon of the master and capable of driving a manipulator
arm in a spatially correspondent mode;

c. a mode selector device operatively coupled to selectively receive at least one
of the rate mode drive signal and the spatially correspondent mode control
signal and to seclectively output one of the rate mode control signal or the
spatially correspondent mode control signal as the selected mode control
signal; and

d. a local control computer operatively connected to receive the selected mode

control signal and to output a remote control signal.

The manipulator drive system of claim 13, further comprising a remote control
computer operatively connected to the local control computer to receive the remote

control signal and to output an actuator control input signal.

11



15.

16.

17.

18.

19.

signal and to selectively output one of the rate node
control signal or the spatially correspondent node

wa@omrned3osi gnal as the sel ected node control BCONS1007/062293

and d. a local control conputer operatively connected
tﬁ‘recelve t he sel ect ed gngwa font ﬁ%& and t
ol puPaPYIRRpEIVE GRBIR © | 14 uh ereriﬁ AR ool computer

d"cbfﬁ?n%é%l@rﬂb clRb@dMTeslahd st)waﬁer conprising a renmote
cont conmputer operatively connected to the |oca

control conputer to receive the renote control signa
adtic renguigsent drave sastematf efaimcn furdier pwpmmsg gnal 11 WD
2 OB RAACETORE RS bR LS R0, BHLE) g i an

Conput@5o@@ﬂﬁﬁu&ﬁﬁmﬁ%bﬁﬂ@kmﬁn@k@ﬁﬂfOnlCS and sof tware.
16. The mani pul ator drive systemof claim5, further

cOnpri g Aefuatar corfimerdiatrereiwohe peluatop APl Rt signal and to move
recei V%Eeﬁgéﬁ ﬁﬁ%%tuﬁ@?h{iﬁ ngt&h sHggnal a”d to

out put or con signal; b. an
actuat@rmkpmmo@mmﬁﬂ ﬁ@n&ﬁmemmﬂaihﬁthﬁhdaMQfsOdﬂ&Mﬂthmwesin

i nput si gnal qg to nove _in resgonse to the actuator
posi t i §5Penygriafhe maeneent gf thepetia9kot i ¢ ar m segnent
coupled to the actuator such that it noves in

r 9P %%Pﬁlgtoﬁr h& VRO VR Lo 1Of at € 62GT MR O om Ysmng'éﬁ arm segment
mani pul ator drive systemof claim 16, furt

conwnomsmgomﬂndmmﬁ@egm@mwthppewnm©nfs@ﬁsoﬁm@QWMmg@g@mmtandto
9,58 ﬁﬂ. of, %? r obot ’c arm segnent

aRH byt ap%%‘il?}h & 6§ ng‘ A %T&F‘é’éet ee o the

renote control conputer. 18. A nanlpulator drive

s ysinemipelampdrist Bgkterd codpfisihg node sel ector switch
configured to output a rate npde drive signal capable
oft- dri ¢ild§ @Oﬁ%ﬁplﬁa‘]oétsﬁ@t%rcﬁﬂﬁ&urﬁd ARt derate rnoaie drive signal

Spat | Al RO ERRANPRTALIANA (01 ol ogeoTPr i sing

p05|t|o dj ust er conf iguréed to output a
spat i akl gpaﬁﬁiiy espapdedint radé wanblial canprixhg a posmon adjustable

responsive to the position of the master and ca ab
of dri ¥1ag" efOPrfﬁ%lirﬁ@ﬂat%ﬁputaﬁ swatially opathosdFyl mode control signal

corr eSP&BMG e position of the master and capable of driving a manipulator
arm in a spatially correspondent mode;

c. a mode selector device operatively coupled to selectively receive at least one
of the rate mode drive signal and the spatially correspondent mode control
signal and to seclectively output one of the rate mode control signal or the
spatially correspondent mode control signal as the selected mode control
signal;

d. a local control computer operatively connected to receive the selected mode
control signal and to output a remote control signal; and

e. a remote control computer comprising telemetry electronics and software and
operatively connected to the local control computer to receive the remote

control signal and to output an actuator control input signal.

The manipulator drive system of claim 18, wherein the remote control computer is

operatively connected to the local control computer via an optical fiber.

12



20.

c. a node sel ector device operatively coupled to
sel ectively receive at | east one of the rate node

waleoov@osspgnal and the spatially correspondent POTIES2007/062293

control signal and to selectively output one of the

rate node control signal. or. the spatiall .
cob SRHOMHEAE dFa Y IRt Sieigs B& ahieing R réapte coatohgputer is
COPLE@lecly Shieied t8 theod 4 et trdl @Bnp Aler CRATREET

operatively connected to receive the sel ected node

control signal and to output a renote control signal;

and e. a renote control conputer conprising telenetry

el ectronics and software and operatively connected to

the local control conputer to receive the renote

control signal and to output an actuator control input
signal. 19. The mani pul ator drive system of claim 18,
wherein the renote control conputer is operatively
connected to the local control conmputer via an optica
fiber. 12 WD 2007/098391 PCT/ US2007/ 062293 20. The
mani pul ator drive system of claim 18, wherein the

renote control conmputer is operatively connected to

the local control conputer via a wire. 13
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