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[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
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[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
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[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
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[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
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invention further conprises a npde sel ector

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 sclector 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
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[0029] In another preferred embodiment, the invention further comprises an actuator
21 configured to reccive the actuator position Jsignal 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
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acftfaloy Holitiofe %{Enﬁioan%ﬁerﬁ@@qplr Biscabtd PRAMARINACRIIGH a hydraulic

J ol nt” position ve0|ty|nforrrat|on com ng
prﬁ«re@matrametﬂe sushas bydreylisl presowrpor pw. Imangiheg m@@‘reﬁéﬁtbodlmem the

b

B e R i

controlling the hydraulic valves which suppl

hy 803801 | Anperalpdiment @f, thef inyentios fumher [KQmPprtep jacmoveable manipulator
rﬁlch% gr %Sl 1&9%9& 451% QQ@Je éouﬁfeﬁftoeﬁlé ﬁﬁnﬁﬂﬁ%j hﬂi‘?ﬁﬂd cohﬁgured to

I nven rls actuator = 21 confi gured

mtt}mt raepoahmemm ualmum off thg pasitione thei myandgulaterermpanihoen in Figure
3. rin a%atﬂ gre errgcri f%{bg}f‘ﬁ%‘%? gﬁér#nSI uiaﬁi rhtgrél %ghé)%g%\é\ﬁlg!tl le segments,
mmﬂamangemﬂambmamsransntSS|on of data or other

quantitative information via an el ectrical,

ﬁlﬁtllom?!&% gt %ﬁnlbbdﬂﬁll SCLF BIBGDEELS fufhd ?%Bh?ﬂhe@na RV draulic drive

dra [ic ne actuator Is con nove
system‘r&t)sqompasmg o firth por 82, uakamd pod 4P momrgml conyrgksolenoid 34, and

O Ml
dls@gmﬁbda 3s shovahariggurt Be Ip o8¢ piefonred gohbodimente ﬂmaimeyth;tal control

hat ment. The tele-r C e
Vi AEOE deost oL proRor Rt SAtve: AEe AR e sRebR iRlcfigured
redEiVe iR tharfuldthicachtib@ bighal ﬂditn fr digitbdignaintceiegraad to receive the
hydraul j c actuatﬁws arﬁﬁuse t he actuat.or

I BPEEAOB SiEPH T Ihe Gpatia, oo Em Bl g syl Thigddrautic

dbRSysidmliv Alr@Er d%@ﬁgﬁrb@ﬁ’ sﬁécg Apdradlis fRGBFagE thei firstipesin response to
to a predeterm ned | eve

of a hydrauli
s R TBIAGT ScSRRAY ST SpiRL gn)  f Prgmprtional contol

sAGRID R in kY i€ E&rﬁ%m%ﬂ@l‘? dipens firde QSnﬁ%uPdﬁ%ﬂt the hyGRGRY iSeSsystem
an arm segnent pOS|t| on sensor 25 or each arm

reseigereiydraufiofigd thongh deserendet 481 the invention further
conprises a noveable mani pulator arm 44 and a

POBD32}ON 148N ERbodime RATAS hﬂ&@hﬁ’otﬁﬁb‘tﬁhﬁéﬁrﬁ;ﬁméﬁe first hydraulic fluid
mani pul ator arm and configured t
channel 31 comprising a first end 33 connected to the first port 32 and a second end 3§
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
preferred enbodi nent, the mani pul ator arm corrpri ses
mul ti pl e segnents, connected by multiple join

[WO3907/0%8k her enbodi ment of the invention fu‘F‘t’?‘ﬂéﬁz"“"""62293

conprises a hydraulic drive system 30 conprising a

f i[ie33] POMThis3dnbAISGE QR P RvEnttba fuRthd QRPFibIsON drauhc plStOIl 42
control sol enoid 34, and a directional control val

copprisive pdisstaortd1 sennestes ioyibe serondiens ofthestirsiydeaulie 8H1drﬁbﬁélel and
a %gn@go??@%ne&édrtg e RPorfARAE of ﬁé sSdoRMRy drBullcl Ik @ha%nel lsfich that

one eferred enbodi ment, the directional control

wheal khe dirsctipnal ¢aayrol valpoisi Qqnﬁﬁurpql dparirstoiegrtiapamede, hyfraglic fluid
]&XQ{ 1%4'{1 'ﬂ% (ﬂf te%)f fb& Mt th% t Hraﬁ m‘itgvf tﬁees%gdn\ﬂ%ohh@ausmg the
rani pul at or

uatlon si gnal fglta si-gnal
pistet & wdtend, amblwhcn ﬁlecdamt@nalmntrelr\rabre is genfeuredon asseepd| direction

0 h I e t
o B0 L R SO ERRNIREh AERIRS UL by R RTbut o
fisj get, cin;sdigahﬂ pistofi kautettadthasaigin tm%'gtﬁrb BstThp @rstom 151 also connected to

respon to e ni pul at actuation Si the.
g B PO B T Saenife s RS it PodRim: BEthe fiputaror
arf0in@NfxsOdifeStiomard Eirdctibn 6OME ipiptonadaten movemtritiof thei matipulator arm
.confiquratjon, the hydraulic drive system receives
mWySG?O:S‘gdi“ECfOI“w d though the second port 49. [0032) This
enmbodi nent of the invention further conprises a first
hy[d.fﬂl]ll | aOht| hyfbelid ed”mﬁhesbhe% emp‘pyédsiimg)refefrbd simbedighe8B of the

conne t he f| ort 32 seqo nd 3
G08 hes the advarvness o it B e e S méeR o RS Y Giments of the
1n96ﬂ3ﬁﬂ ihawd pdaftioh h‘&dbit’k&ﬁhb@fbr Eathtjbiat andaodepice S'cirsmcﬂ!ulatmg the flow
second hydraulic¢ flujd channel 37 conprising a first
tosaeh @@%ﬁﬁ%&‘tﬂ@é Wil thejeint-second port 49 and a second
end 38 opposite the first end, as shown in Figure 3.
Wiess] he In prepferréd Srﬁ&bdnﬁ@ml the lingati@naies p'rcqaopioaa:leﬁbw?, rdimgctional

secon configurati dlrect on of draplic
Q0] HlF oo Heb 06 g feretign T Uit ooqp Vaat 34 i a lower pressure
dloBrRHEY tRAL.t T h@%rcﬂﬁﬂwﬂ@l vfivd BValscS fdre folevant tdf e:ontammated oil. A
direction of such flow when the cont fo n]o ln |
PrpeTtipaal VéHﬁfh“@Grlﬁ’@‘P%?nrate?thW%FPPf‘gb @‘it of simple dircctional contro
viTGe (yjpli%gl%pﬂeg @t??a%a&&gﬁgl% TithisSm&RD et {78 Atanfulatdt@rm joints do not

Invéntion further conprises a_hydraulic piston 42
deif ayrt tequirrpcoatinyous mopiggring of resififfect ed t o t he second end
of the first hydraulic fluid channel and a second

p%§3ﬁ3 G\ Bf ﬁfi)?ﬁﬁtﬁoﬁd?ﬁ‘onﬁﬁ‘}ﬂﬂék epstiddized BeftvaR&amd electronics, a
C

draulic fluid annel such that when t

m qreed tembadimeaiot the Pﬂ%&@%@?ewﬁﬁh@&e@wmg%m fatgymodes at any
tife ! %&h@@oﬂ@ﬂﬁ? i¥E hivdt, acpogﬁth tedBicR Gk shb@M i ene operator can

drivé systemffows into the first dport and out of the
switdhaheimgwipulator frag)i S{gmp#eto rate mode an continue working, Alternatwely, 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,
hydraulic fluid ejected fromthe drive systemfl ows
into the second port and out of the first port,
HOANHEBHe piston to retract, as shown in FiBfcheS2807/062293
The piston is also connected to t he mani pul ator arm

arfd S dindn %u@‘éoﬁﬁ&' Thoffingd MA6recRhat # HeBRUSERh Wﬁmaior ®fmp (LED)
the manipulator armin a first direction and

for gachd@itt on of the piston causes novenent of the
mani pul ator arm in a second direction. 100341 The

hygu3sy Cant fabechi @ERosafEUNA RskripflorPbBthe infvektions are 1llustrat1ve and
enmbodi nents of the.  invention has the advantages

eXplniobh & arigrecheners Sribesireshans, sidoppterls b WAl Abinttle @ﬁtaﬂs of the

illhfiRitivé BYRRLARD ARAVE aR ilRRBAtVe ARethREARRBK nigy Iu\f@tﬁoﬁtchpartmg; from
each joint and a device for nodul ati'ng the fl

the spirit efdhemvantionssoci ated with the joint. [00351 In a
preferred enbodi nent, the invention uses proportiona
flow, directional control val ves. 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. [00361 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.
[ 00371 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 W) 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
changes in the size, shape, and materials, as well as
in the details of the illustrative construction

NQRUTO%3%Y | | ustrati ve method may be made wi tHfd(yS2007/062293
departing from the spirit of the invention. 9 WD
WRROTYSQOOBRMEIPET/ US2007/ 062293 WHAT IS CLAIMED | S: 1.
A mani pul ator drive systemconprising: a. a rate node
selector. swtch confiqured.to output a rate node drive
L.gi grihmanipyiatop frve pSIgntgmAtsae: noni pul ator armin a rate
nmode; b. aaapabddeaddiector ngv!itels melgliié&md wonitpald &]Ee_ mode grive signal
conpri si ng pasi.tion adj ustabl e master . configured to
out put aC@BE?PE&FV“%BPP@%B%HH@%?"HUB@I?EﬁtroI si gna
responsi ¥ &patMytddfredPoiddnt Osht@llet BEnfiREEE! peibnCANRIbE master
of driving a manipulator armin a spatiall . .
cor r espoReiRuredip eutpyiRisnatially ??Bf&@%é?“é E}Og? %@W gignal responsive
oper ati Vel ieGRURLE RS R HEk& CGntl \cBpabld SRV @mahR@Ritor arm in a
one of the rate node drive signal and the spatially

cor r esposersially pserspasdentinigide; adgnal and to sel ectively
out put one,ofe EREF Alvi rﬂ#g%g@&p%@md%gﬂ@&ﬁv@fy lte%'bﬁve at least one

spatially correspondenf control signal as e

sel ect ed ofithteratrompdofirives signehand the spatiallyr ¢ayresropdent fmegie control

claim1l, reimn.t e ' '

push butélnS'%@q%ﬁgggbg@émg@gsgﬁﬁgﬁﬁ%?%?%&%anﬁgﬁéﬁﬁm‘m.me

t he spat ispdtially correspopdent erde modeolcsignal gis | the selscted nipgg gpontrol

controller. ﬁ. The mani pul ator drive system of claim

1, furthéﬁm%Onprising a local control conputer

operatively connected to receive the sel ected node
2.contTheldrise gysem efivdhind , sheninttharatemodstseleetontvritsh isse pjsh button.

5. The mani pul ator drive systemof claim4, further

3.C0 ”pfﬂesdé-ﬁ' tsgst%rﬁ ?%lﬁnmcﬁ RiHeRlin thE SpAAIIE Eoﬁ@?&tﬂ%ﬁt\{\%& controller is a

connect ocal control conputer to receive the
r endtaed cotrellem| si gnal and to output an actuator
control input signal. 6. The manipul ator drive system

40F ol Iﬂanﬁpulm Ry&dif of AGiRl 1,300 QbmEMUH REalicentrol computer
operatively comnected to teceive the selected mode control signal and to output a

remote control signal.

5. 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.

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

operatively connected to the remote control computer via a wire,

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

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

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

comprises telemetry electronics and software.

10




operatively connected to the renpte control conputer

via a wre. 7. The mani pul ator drive system of claim
5, wherein the local control conmputer is operatively
connected to the renote control conputer via an

HP RWIIBer . 8. The nani pul ator drive syst dqlgfs2007/062233
claim7, wherein the renote control conputer

9, CONMMAth $fddiphRlcR ARYE %rs@hﬁﬁffcfaﬁﬂ iscrartagtdomphitingr e. 10 WO
2007/ 098391 PCT/ US2007/ 062293 9. The mani pul at or ,
dri ve syan asaier pgelrogfigured torfereivedhp Aftugiofcontiol igppt signal and
act uat or yomh 8h &R SHEADuipt igfgl Ve the actuator
control input signal and to output an actuator.
conttr ol B egsuAtoriopfigired 19 recgivedls apkuatnr cowr inpyt vegnyl gnd to move
receive C i .shgnal and to nove
in respo%@%ﬁp?ggﬁg&;agpg{a%g&%dggﬁﬁ?aléﬁﬁcgi gnal; and c. a )
t el & r obattele-rebatic semnesgmentoemipled toothe Hetualer gughothat ficmoves in
that it ' venment of the
act uat or %§@6W2°5#§§%ﬁ%§§to?a ri vrr'emsyst emof claim9,
wherein the actuator is a hydraulic actuator. 11. The
100mniTha Imeenipnlaghridvize syptemeahioleim &) whegrindhe agiaiosisp hyeulic actuator.
actuator control signal is generated in response to a

1P’ eG@k ehiHifAsol 8YRl sRfenPoN ¥R UD] GhBERCAS ScR@oRFBARI -signal is
12. The mani pul ator "drive systemof claim9, further

comeenesitpdjingaspanin ta a gredpteryaed ey af o Beiabic PROSATSPGTRIIHT
to sense the position of a tele-robotic arm segnent

122nd iR niigRtbkorrive Sstdnl SMLIdimd), f@ther corhigiiilg ahQrrh REzment position
renote control conputer. 13. A mani pul ator drive

sy stsersoe ernfighist iy senge thy pegitien ﬁ%ﬂ@les‘ep%téft"&‘ seginetgnd to output a
confj.gbethdicRioP kit to Me fdidte REBI hipi@rSi gnal  capabl e
of driving a manfpulator armin a rate node; b. a

spatially correspondent hand controller conprising a
130si4 MmepiPalgion §6 gHIYSeMFRBPBFNEonf i gured to out put a

spatj al | 'y GRr hEFP LR swiRA Qo éPlo Sitpiad rate mode drive signal
responsive to the position of the nmaster and capable

of drivi sgpailorrddripie ATHNIPUBHITATTR I8 BSPPds | y
COrngespo Qd%rﬂh gg Prg'r'cfs][gogdalt A8 Rer&fk omPBYhER Positicm adjustable

! ia]
operati vel co sel ectively receive at |east _
one of tiweter sbefigwoadetodoutne & brptially sertespendertympdg cpprol signal

corres por}Qs%Q&siJE‘%Q ?hecfd}ﬁ{oﬁlof 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 ratc mode drive signal and the spatially correspondent mode control
signal and to selectively 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.

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

control signal and to output an actuator control input signal.

11




signal and to selectively output one of the rate node
control signal or the spatially correspondent node
control signal as the sel ected node control signal;

and d. a local control conputer operatively connected

Y80 RPWZRBIY t he sel ected node control signal FAf@Y7/062293
output a renote control signal. 14. The mani pul at or
1501 | e SIS arfediydletrSof Eint N8I WHERRI Ihei88ioR doRHBI €mputer
control conputer operatively connected to the |ocal
conwPBPTises Felamesty clestrpieseand soff@er ennt e  control si gnal

and to output an actuator control input signal. 11 WO
16200 ThOHEFBHRERH LRI FGRARS, ukler cBi¥prisiagl pul at or

drive systemof claim14, wherein the renote control,
comiut er A% aFFPTO8tTelaoaRBIred togresite R Aeteatof f@nirplippy signal and
16. The ppRiibRbRhatdl doifo1DYHLeHEAl, claim 5, further
conprising: ‘a. an actuator control configured to

recdi ve thectetersonieuredietreesiveithgiptuatir gonirol ipyt sigppl and to move
out put aﬂn@ﬁ:pﬂ?ettgthfcagﬁlta{o?kos@t%%' aShgal ; b, an

actuator configured to recelve the actuator control _
i nput si griek-relrdict aamneepgment; epupled ploribe acatohsudc thahitomoves in
position_sj : - ti c arm segnent

coupl ed f%b‘gﬁgkdgg?ﬁlgy%?e@a%ﬁé?%t{éa?a?t noves in

response to the novenent of the actuator. 17. The
17raniThal mewpulaer dave pysterm off cleimailfn fusther gemppiising an arm segment
Con%%&iﬁb@?ﬁ%l%} c%ﬁﬂ%&&g 8¢ ﬂ@ﬁésitioﬂfbf%ﬁaé%bo@i@ Rfrh Qé’%n?e% and to
to sense e position of a tele-robotic arm segnen

and output opasitian isdigeadarisignakto ithedewmete opntyil geraputero t he

renote control conputer. 18. A nmanipul ator drive

yst : L SkNo. .2 .nmode sel ector switch
18gon ﬁ%ﬁ‘@%‘%ﬁ%ut att@maca?lg?gel rode drive signal capable .

of drivi agat medd geidckr owitgh ponfigused: it eutpiscReTatgy moge drive signal
spatially_cerr ) onprising a
positi on)é%pgjgfﬁsot?ggﬁggg%&&gg%égﬁﬂ%ﬂa{ee ?%’ out put  a _
spatt.al | y spatisllys poresgmtientoved controllsk coigrising a position adjustable

' tot it f ot _
[ESPONS! 4ol chlinPQSol bR of 61 BSABRoftRY 882 Bhfiol signal

cor r esporéekptsivetd ehe position of the master and capable of driving a manipulator

arm in a spatially correspondent mode;

c. a mode selector device operatively coupled to sclectively receive at least one
of the rate mode drive signal and the spatially correspondent mode control
signal and to selectively 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

€. 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.

19.  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



c. a node sel ector device operatively coupled to

sel ectively receive at | east one of the rate node
drive signal and the spatially correspondent node
control signal and to selectively output one of the

rEP200 8% ont rol signal or the spatially PCT/US2007/062293
correspondent node control signal as the sel ected node

20€ ONtTHE I manfiulidH drivll- syfter QF aih 08t WhbreMmOMP Wrfdte control computer is

operatively connected to receive the sel ected node
contopeitiedlyeraneciertoths locnl pertrohcomnr ¥1a oMol si gnal ;
and C. 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 computer 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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