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FIG. 4A

FIG. 4B
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FIG. 8A

FIG. BB
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&Z-AXIS LINEAR&

' '

OITURNI THE BALL SCREV& NUT
BY MOTOR THROUGH THE BELT.

Q2 IN THIS CASE, BALL SPLINE NUT PLAYS
A ROLE QF ANTI-ROTATING DEVICE.

Q3 SHAFT MOVES UP AND l3QVA

FllG. 'll IA

&SPIRAL&

R9 Q1 TURN THE BALL SPL! NE NUT
BY MOTOR THROUGH THE BELT.

&RQTALLY&

Q1 TURN THE BALL SCREII NUT 6 BALL
SPLINE NUT AT THE SAME SPEED.

Q2 SHAFT ROTATES WITHOUT MOVING
UP ANI3 l3QVN.
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FIG. 12

FIG. 13
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FIG. 16
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ROBOTIC SURGI('AL MANIPULATION
SYSTEMS AND YIETHODS

Rl:I.A1 I ID APPI,I('Al'IONS

line dpphcatiou claims thc benefit of U.S. Provisional
Application No 62/326,319, filed Apr. 22, 2016, which is
incorporated herein by reference in its entirety

BACKGROUND

In gynecologic surgical procedures such as hysterecto-
mies. the patient's utems needs to be positiimed precisely
according to the specific requirements of the case tluougbout
the surgery. Improved systems and methods for urerine
manipulation are needed in the art.

SUMMARY

The present disclosure relates generally to robotic surgical zo

mampuldtion systnns and methods, mid more specifically. to
robouc utcrulc manipulation systems and methods for usc In
iliiilliu;ill)'nvasivc h)'s tcmctonucs

In various embodiments, the invention provides a robotic
anatomical manipulation system for use with an end etfector
configured to position and hold an anatomy of a patient
during a nlinimally invasive surgical procedure. the system
comprising a remote machine comprisul a base comprising

mobile base having oue or more lockable casters or a
mountable hase configured to be mounted to a surgical table, lo
and a moveable exteilsioil Bfnl coililccicd to thc bosn thc
extension arm having a distal end positionable relative to the
surgical table and configured to connect to the end effector,
and a control console Jn communication wirh the relnote
nllichhlc i in B wirixi conni:cliou or II wuclcss connection. Js
Thc remote machine is configured to move the cnd cfii:ctor
respormivc lo user uiput rccnvcd from thc control console
via Jhe v ired connection or the wireless cilililection 'I'he end
etfector movement includes translational Jnovement up,
down. left. right, in ond out, and rotational movement do

counterclockwise ond clockwise.
hl SOBIC Cnlboduni:Jlts, thi: BBBlonlv IS B iltCJIJS Blxl thC

nlinuulillv'lvasivi: surgli Bl procedure is B robotlciilly-Jis-
sistcd or manual laparoscopic hysterectomy.

In some embodinlents. the remote machine comprises an
articulating i oint at the distal end of the extension arm. the
articulatin joint providin X. Y. Bnd Z translation and O. JIJ,

and 'P rotation of the end effector.
In some cmbodimenm. Jhc arliculatulg joult composes a

translatulg surface at a proxunal cnd of Ihc articulatul joint, 0

a lulcdr actuator at a distal cnd of thc artmulatm joult. a
plurality of hnear actuators with distal ends mounted to a
pivoting surface, and a rotating surface mounted to a distal
end of either the pivoting surface or the tmsnslotillg surface.

In some embodiments. the remote machine comprises a ss
mobile base having a vcr(ical extension ioint fbr adjusting
thc i:lcvdtlon of thc i:xti:Jlsion lillu, B horlzontBI cxtcnsion
)oint fill BJOVJB'hC i:Xti:nslon dint IBICIBIIV, Bnd B fbot
control panel to lock and unlock the casters in some
embodiments, the remote nlachine comprises an aniculating iii
joint at the distal end of the extension aml. the articulating
joint providing X. Y, ond Z tmsnslation and O. JIJ. Bnd lp
rotation of the eud cllector. In some cmboduucnts, the
remote maclunc composes a local control pimcl configured
to control the mobile base caster locks, the vertical and ss
horizontal extension jomts. and the articulating, joint. and to
perform startup sequences, calibration. and operation

,505 B1

hl sonic cnlboihnli:nts, thc rcnliltc Jnai:bine conlpllscs II

mobile hase having a bumper bar configured to be raised and
lowered to lnck and unlock the casters. In some embodi-
ments, the extension ann composes two linear segments
comprising a proximal segment and a distal segment, a first
'p rotation joint and a first ifl rotation joint at a proximal end
Of thc proximal scgmnli conncctcxf to thc mobile base, d

second IIJ rotation joini bc(ween Ihc proxunal Bnd distal
segments, a second qJ rotation joint and a third iii mtation
joint at a distal end of the distal seginent, and a () mtation
joint and a translation extension joint connected to the
interface.

In some embodiments, the remote machine comprises a
mountable base havulg d vertmdl extension ioint for adiust-
hlg the clcvdtlon ill thc cxtcnsliln Brnl, d honzonuil i:xlcnslon
joint filr movino the extension arm laterally, and a JP mtation
joint fnr rotating the extension arm toward and away from
the surgical table In some embodiments, the extnlsion arm
comprises a first 0 rotation jomt ot a proxunal end of the
extension aml. a III rotation jomt at the distal end of the
extension arm. and n second 0 rotauou ioint colulccted to
thc Jnti:Ifilcc. hl scute cnlbodlnlcnts, thc ri:ulotc nuichinc
cmnprises an articulating joint at the distal end of the
extension arm, the articulating joint providing X. Y, and I
translatinn and (), JP, and JP rotation of the end effector In
some embodiments, the renu&te maclune comprises a local
control panel configure to control the mobile base caster
locks, thc vcr(ical Bnd houzonull i:xtcnsion lobus, Bnd Ihc
artindating )oint, and to pcrfoml star(up scqunices. Cahbm-
tion, and operatinn

In sonic embodiments, the remote machine comprises a
mountabie base having a q'otation joint for rotating the
extension arm toward and away from the surgical table. In
some embodiments. the extension arm comprises a horizon-
tal drc iiud B vertical drc, d JI'inlshitiou drc Jlimtiug cxlcnslon
joult fir moving Ihe honzontal arc laterally along a hori-
zontal curve, and a vcr(ical trarmlatiou nrc track havul a
vertical gantry on its underride for adjusting the elevation of
the vertical arc along a vertical curve. In sonle embodiments,
the remote maciune comprises an articulating joint at the
distal end of the extension ann, the articulatin )oint pro-
viduig X, Y, and Z trmlslauon and O. III, and JP rouiuon of
thc end cfihctor. In some emboduncuts, thc rcmotc machulc
conlprlscs B hlcal control pdni:I configurixl to conlrol Ihi:
mobile base caster locks. the vertical and horizontal exten-
sion joints, and the articulating joint. and to perfilrm startup
sequences. calibration, and operation.

In some embodiments, the remote machine comprises a
mobile base having n curvn! vertical cxtcnsion ann protrud-
ing fiom thc top of thc mobile base, a honzoutal hack lor
moving thc extension aml laterally, and a vertical lranslation
arc track having a vertical gantry on its underside filr
adiustmg the elevation of the extension arnl along a vertical
curve. In some embodinlents. the remote machine comprises
an articulating joint at the distal end of the extension aml. the
artindating loin( proviihng X, Y, mid Z traJJSIBIJOJJ and O. JIJ.

and qJ rotation o f Ihc cnd cfii I tor. In some nnbod J ments. Ibc
rnuote machine comprises a local control panel configured
to contrnl the mobile base caster locks. the vertical and
honzontal extensinn joints, and Jhe articulating joint. and to
perfoml startup sequences, calibration. and operation.

In some embodiments, the remote machine further com-
poses ml interface connectnl to Ihc distal cnd of Ihc exten-
sion arm, thc uucrlbce configured to connect to the end
effector.

Additinnal features and advantages of the present inven-
tion are described further below This summary section is



US 10,905,505 B1

meant mcrcly to illus(ra(c ccrlaut fi:d(urea of lhe invention,
and is not meant to limit the scope of the invention in any
way. Thc failure to ihscuss a spccdic fea(urc or emboduncut
of the invention. or the inclusion of one or more features in
this summary section, should nol be constnicd to lirait thc
IIIVcllllon BS cldiluCd.

BRIEF DESCRIPTION OF THE DRAWIN(iS

lllc fi1TCgolii'ulmuaiy, Bs WCII IIS lhC followillg dcIBilcd
dcscupuon ol'he prcfcrrcd cmboduncn(s of thc application,
will be better understood when read in conjunction with the
appended drawings lior the purposes of illustrating the
systems and methods of the present application, there are
shown in the drawings preferred embodiments. It should be
understood, however. that the application is not limited to
thc precise arrmigmncnts and instruments h lies shown. In the
draw IllgS.

Fl(i 1 is a scheniatic diagram of an exemplary robotic
uterine manipulation system. according to some embodi- Io

ments of the invention:
FI(fi 2 is a schematic diagmsm of a syctem architecture for

an exemplary robotic uterine manipulation system. accord-
ing Io some embodiments,

FIG. 3 is a schematic diagram of a system arclultmlurc for
another exemplary robotic uterine inaitipulation systent,
accordin to some embodiments;

FIGS. 4A and 4B are schematic diagramc ofnn exemplary
control console. accordin to some embodiments:

FIGS. 5-11C are schematic diagrams of an exemplary 30

u(cunc manipulator arrangemcnt accorduig lo some
cmbodimcnts,

FI(ig 12-20I3 are schentatic diagrams of another exent-
plary uterine manipulator arrangement, according to some
oil lbodinleilts: Ic

FI(fi 21 is a schematic diagram of an exemplary device
table, according to some embodiments, with an exemplary
uleunc nuuiipula(or arrangcmcnl mounled thereto:

FIG. 22 is a fiow diagram of an exemplary method for
using a miotic uterine nianipulation system of the present ao

invention, according to some embodiments:
11(i 23 is a fiow diagram of another exeinplary metlxld

for using a robotic uterine manipulation system of the
present invention, accordin to come embodiments:

FIG. 24 is block diagram of an cxcmplary computer dc

system. according to some cmbodnuenls,
Fl(ig 25-31 are schematic diagrams of ditferent exent-

plary remote ntachines and interfaces, according to varimis
Cinbodinleilts: Bnd

FI(fi 32 is a schematic diagram of another exemplary so

control console. according to some embodiments.

DI!TA I I,I II& 131 IS('RIP(1ON

In a minimally invasive (robotic-assisted or manual lapa- 11

loscoplc) gv'liccologic sUIgcry siich Bs B hvslcrcc(111nv, thc
piillclll s illcrUs Iiccils (0 bc posiliolux! prcclsciv iiccoldillg (0
Ihe specilic requiremcnm of thc case tiuoughoul Ihc surgery.
Utel'lite nlanipu)ation IS,'lll Ilnpol'taill Ci1nlpi111CITI of a SIIC-

cessful minintally mvasive hysterectomy. wherein the io
anatomy is marupulated to tilt the uteruc forward and back
and/or dispLace it laterally for cafe dicsection of the ureter,
suspensory ligammils of lhc uterus, and ihe uleunc blood
supply.

The CIIITCIII Slain(BI'0 Ol prBCIICC IS 101 d slilgiCBI ICSldelll sc
or fellow. takin positional instructions fmm the operating
surgeon. Io manipulate the utenis manually using one or

morc handheld tools. Over lhc course of thc surgery, tlus
practice can present si niticanl physical demands, as the
resident or fellow often lms to maneuver theniselves around
other equipment used in the surgery. such as the lar e
footprint of a surgical robot. Tlus pmctice can be difiicult. as
the individuai manipulating the uterus may be situated at an
awkward mtglc or to Ihc sale of Ihc peuncum. It can also be
physically demanduig.

I'he present invention overcomes such problems and
pmvides, in various embodiments, robotic anatomical
manipulation systents and methods, which can provide more
accurate and precise manipuLstion and positioning of the
anatomy, as compared to the current standard of practice.
Usutg lhc robolm mialomical manipulauon syslcnw and
methods of Ihc prcscnl ulvcnl ion, the surgeon ctm control thc
position of the anatomy fmm a contml console away from
the operating table 'I he surgeon can more precisely adjust
the instnunents and the anatomy of the patient to exactly the
desired positions and can yield a superior surgical result.

System Architecture
In venous cmbodunmtls, the invention provides robotic

uleunc miuupulation systems as shown schematically in
ill(i I, comprising a control coltsole 110 away from the
opemcting table (either positioned nearby as shown, or
located remotely) and a remote ntachine 120 at the filot of
the operatin table, with an interface 130 to which an end
efi'actor can be attach&.

With rcfi:rcnce lo FIG. 2. ml exemplnry robotic ulennc
miuupulation system 100 accordulg to thc prcscnt uivention
(inside dashed lines) comprises a control console 110. a
remote machine 120, and an optional interface 130, which is
an adapter for connecting ditl'erent end effectors to the
remote machine 120. System 100 responds to control input
111 from a user 101 (e.g.. the sur eon performin the
hyslcrcclomy), mampuldics Ihc u(erus vin an cud clfcc(or
140 111SCTICd lhrollgh lhC Vdgiii'd, Blul provides h:CdbaCk
(e g., graplucal or audio) via a feedback utterfacc 113 to Ihe
user 101 based on, for exrunPI. sensors 123

Remote Machine
In some embodiments, as shoivn in FI(i. 1 and described

in more detail below, the renlote maclune 120 comprises a
mobile Or stauonary platform located at thc foot of thc
surgical table, although other posi(ious arc witluu thc scope
of thc invention. For example, in I'urthcr mubodiments. thc
remote machine 120 may comprise a mobile or stationary
platfomi located on either side of the surgical table. or a
mobile or stationary pLstfonn located at the head of the
surgical tabie (for procedures other than a hysterectomy). In
other emboduncnls, ds dcscribcd in morc detail below, Ihe
remote machine 120 may be coniigured to bc mounted Io Ihe
filo( of lhc surgical table although other mounting pouits are
within the scope of the invention. I'or exaniple, m further
embodintents, the remote machine 120 may be cimfigured to
be mounted to either side of the surgical table. or may be
configured to be mounted to the head of the surgical table
(for procedures other Ihml a hyslcrcctomy)

Thc remote maclune 120 ullcrlhccs, via utter('acc 130.
wilh an cnd cfihc(or 140. Uhici is an intcrchangcablc tool
that interfaces with the patient 102 on the surgical table I 01'xaniple,the interface 130 may include a permanent or
releasable fastening means, such as one or more threaded
components. screws/screw lmles„clasps. or other mechani-
cal. elcclm-mcchamcal. magnetic or combirmtion means,
thai couples with (dircc(ly or uldireclly) venous cnd clli:c-
tors. which may reusable or disposable Dilii:rmit end clli:c-
tors filr manipulating different anatomies may be used ivith
ditferent surgical procedures. such as gastrointestinal sur-
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gcries dnd rcc(al surgeucs. For Ihe gynecologic sur ical
pmcedures descnbed herein, the end eifector 140 may be a
uterine manipulator con)prising a cervical cup. An exeni-
plary end effector is the V('are)V uterine manipulator
(CONMED. Utica, N.Y). In other embodimenrs, difi'erent
end efi'actor devices may be ~elected by the surgeon based
on thc patient and thc nixds of each surgery (c.g., selection
ol'hfii:rent sizes or types). Existing cnd cfiectors may be
adapted for use with the reniote machine 120 and/or new end
effectois (reusable and/or single use) may be developed fiir io

use ivith the remote machine 120.
Preferably. a sterile field (inside dotted lines) is main-

tained between the patient 102 and the remote machine 120,
where Ihc interface 130 serves as a Iransrtion Io Ihc stculc
Iield. In some cmbodimen(s. thc stcule Iield may bc main-
tained by a disposable sterile drape 125. which can cover the
remote machine 120 and all or part of the interface 130 In
other embodiments, the remote machine 120 may be steule,
and means for maintaining a sterile field are nor required.

The remote maclfine 120 encloses motors/nctuators 121, io
controllers 122 (e.g.. one or more processors), and sensors
123 coniigured to mm»pulatc thc end cfii:ctor 140 based on
user instructions 1he remote machine 120 can be powered
fmm a local power source, pow:ered froin the control console
110, or powered front onboard energy storage in some
enibodiments. the logic and processors to transLnte the user
inputs 111 into motions of the end efl'ector 140 nnd to
process Ihe sensor fccdback are located witlun thc remote
machine 120. Thc logic mid processors can be provided in
various formats such as. but not limited to. desktop cont- ic
puter ivorkstationg laptop computers, embedded processors,
and third-party industrial control systems The logic and
processing pov,er can reside solely ivithin the remote
machine 120„solely within the control console 110. or can
be disuibutcd and shared bctwccn the remote maclunc 120 Ii
and thc control console 110.

lhc rmuo(c maclunc 120 rcceivcs con(rol inputs 111 from
and transniits sensor data and information to the contml
console 110 via a connection 115. The control inputs ii ) can
con)prise mw input control signal. processed motor conrrol do

coniniands„or high-level instruction. The sensor darn can
comprise raw Uncafibmtcx) sensor output, raw calibrated
smisor data. ui(cgra(ed sensor infonnaIion, and/or lugh-lcvcl
dcscupuon. In some embodiments, the connccnon 115 can
comprise a physical connection such as. but not limited to,
a cable which has individual contnil wires or one or niore
wires used in a communication protocol such as. but not
limited to, TCP, serial, ModBus, and ProfiBus. Various
kllowll collllllUlllcdtloil mc1110dologiCS Cail bC IISixi for
wired coruiection bc)ween thc rcmoie maclmic 120 and the 0

control console 110 In other cmbodunents, tlm coruiection
115 Inay colnprise a wireless coilnection between the remote
niachine 120 and the control console 110 Msrious known
ivireless conununication protocols can be used for a wireless
connection betv, een the remote machine 120 and rhe conrrol as

console 110 including, but uot limited Io, cellular, wirclcss
TCP. and Bluctoo(hit.

In some cmboduncnts, Ilm rcmoie machine 120 can
deterniine (e.g, via sensors 123) hoiv much force is applied
to the workiim end 'I he force may be determined by various ic
methods. for example, by measuring current on the respec-
tive motors, by a force sensor engaged as part of the end
cficcxor 140. by a lorce sensor mi aged as part oi the
cxtcnsion aun of the rcmotc machine 120 Io wluch Ihe cnd
cfii:czor 140 is anachixl, or by a force sensor ui(egrated uito si
the interface 130 liorce levels can be customizable, fiir
example, set by the surgeon around their preference based

ou clinical requirements. Rcacfions to a I'orcc overload (e.g..
exceedmg a stored threshold or limit value) condition inay
be pmvided (v,arnina tones. Ii htx text indications. etc ),
v hich may or may not automatically stop the remote
machine 120. In embodiments where the remote machine
120 is automatically stopped as a result of force overload,
controls may bc providkxI in the console 110 for surgeon
override.

lior safety, the remote machine 120 Is fail-safe and can be
removed safely front the patient 102 in either a powered or
an unpov ered niode.

While the exemplary embodiments of the remote maclfine
120 described herein (detailed further below) are con-
strucIcd mid arranged Io Ihcilitate gynecologic surgical
proccdurcs, dilTcrcn( cnd efiectors and/or remote machuic
configurations/designs could be used in other embodiments
v ithout departing fmm the spirit of the invention, such as,
but not limited to, static desmns, designs with energy
delivery (electrosur ical units). designs with sen~or probes
(ultrasound. temperature, etc.), designs v ith li htinv. and
designs with opncs nnd cameras

Con(I'01 Console
In some embodiments, as shoivn In III(i I. the control

cmisole 110 is a mobile or stationary platform separate from
(located in proximity to or located remotely fnim) the
remote machine 120. In other embodiments, the control
console 110 may be integrated with the remote machine 120.

Thc control console 110 ui(crlhces with thc user 101 vis
ouc or more user inputs 111, whwh may include, but are no1
linuted to. one or niore of the following In any combination
joystick, mouse, keyboard, track/touch pad. stylus, touch-
screen, voice control, and hands-free input device such as a
motion tracking system.

The control console 110 provides ILsta and iniiirmation
about Ilm control console 110 and thc remote machine 120
vui a li:cdback in(erfacc 113 and a ihsplay 112. Thc display
112 provides visual information to the user. Thc visual
information can include feedback information fnim the
remote machine 120 regarding system status and end eifec-
tor 140 position. The visual information can also include
video from external sources such as surgical camera feeds.
In venous mnbodunents, the display 112 cdu provide s
visual presentation oi uiforma(ion on Ilm control console 110
IIIClildlllg Illilllltols, llgll(S. illiils, gaiigCS, II ICIIIOIC VISUdl

presentation of infiirmation sent from the control console
110 to an external display device such as a computer monitor
or television, or a visual presentation of information to a
personal dei ice such as virtual reality lasses, cell phone. or
personal computer. In some emboihmcnts, in addi(ion Io

display 112 infound(ion. non-iisual Inlhmiation can be
provnlcd by onc or morc audio devices such as, but not
linuted to, buzzers or speakers and/or haptic-feedback such
as vibrations in the user input I I I devices or other equip-
ment. The audio feedback can provide alerts and alarms
from the system 100 regarding system status and end
ciTi:ctor 140 posiuon. Thc audio fccxlback can also pmvidc
dildio floill cxICrllal SOUICCS SUCII IIS SUrglcill cdlllcra/llllCIO-
phone feeds.

'I'he control console 110 can be powered from a local
power source, poivered fmm the remote machine 120, or
powered from onboard energy storage. In some embodi-
ments. the logic and processors to tmsnslate the user inputs
111 uito motioim of Ihc end cfii:ctor 140 and to process Ihe
smisor fccxiback are loca(cd withui thc control console 110.
The logic and processors cmi bc provided ui varimis Ibunats
such as, but not limited to. desktop coniputer workstations,
laptop computers, embedded pmcessors. and third-party
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industndl control systems. Thc logic and processing power
can reside solely within the remote machine 120. solely
wit]un the control console 110, or can be ihstubutcd and
slmred benveen the remote machine 120 and the contml
console 110.

In some embodiments, the contml console ]10 and the
remote nlachine 120 are combined in the same physical
enclosure. and the user 101 can control the reinote machine
120 directly„with the connection 115 existing internally

I ii
wit]un the joint enclosure.

Remote Macluue First Embodnuent

A first mnboduncnt of thc remote maclune, shown m FIG.
I

25. is confiaured to be positioned at the fiaot of the surgical
table as shown schematically in FIG. 1. The remote machine
has a mobile hase 'I'he mobile base alloivs the remote
machine to be positioned as appropriate. The mobile base
has lockable casters The mobile base Ims a filot contml
panel to lock and unlock the casters as well as perfomt
coarse positioning ol'he interface point.

The remote machine has a vertical extension joint for
raising dnd lowcrulg thc rcmotc nmclunc uucrface 10 posi-
tion the interface at the proper elevation given the height of'hesurgical table and the anatomy of the patient. The vertical
extension joint is B linear actuator.

lllc Ii:nlotc inachlnc hBs a hollzon]Bl ex]i:nsliin ]iilnt lor
trarmlatulg thc remote machine ultcrface to position thc
interface at the proper ]stern] position given the position of so

the mobile base. relative to the surgical table„ the patient on
the sur ical table, and the anatomy of the patient ']he
horizontal extension ]oint is a linear actuator.

The mobile base. vertical extension joint. and horizontal
cxtcnsioll ]oint Brc lisix] 10 position Bull Bllgn Ihc rcnliitc ls
machine interface point with the patient's mlatomy poor 10

thc shirt ol thc surgical procedure.
1he remote machine has an articuLatiog joint at the end of

the extension ann. I'he articulating joint allows for X, Y and
Z translation as well as III, III. and 'P rotation of the interface do

point. The articulatin joint is used during the surgery to
manipulate the end e]Tixtor conneclcd 10 the mterfacc 10

nldnlpuldli: ]hi: ptltli:lit S 0]CIOS Or Othi:I dnatonlv. 111C illalCII-

]Bung ]oint is dcscribcd ul further dctml below.
'Ihe remote machine has an interface that couples the

articulating joint to the end effector 'I'he interface can
acconmloihate one or more difierent end effectors The
interface is replaceable and difierent interfaces can connect
to thc articulatin ]oint to accommoddlc diffi:real cnd clli:c-
10rs. O

lite remote muchine has a local control panel Ior control
of the mobile base caster locks. vertical and horizontal
extension jointx and the articulating joint 'I he local contml
panel can perform startup sequences, calibration, Bnd open-
]lou. s.

lllc BI11CII]atlllg ]oint Bl thi: Cull OflhC Cl.]COSIOB Brin Can
bc ml at]ion]Bung x-pod havulg bctwcxn threw and six
pivot-mounted lulcdr actuators. FIGS. 26 mid 27 show
exemplary articulating x-pods each having four linear actua-
tors mounted to a pivotmg surface (quadrapodsi. I'he x-pod io
provides transLation and pivoting of the pivoting surface. A
rotating surface is pmvided, which can be connected at the
top ol'he x-pod Bs shown in FIG. 26 or at thc base of the
x-pod ds shown in FI(i 27. A lulcdr acniator is attached to
thc top 01'he x-pod, and thc cnd c]Teclor anaches to the ss
articulating jomt at an interface (oot shown in Ill(IS. 26 and
27]

Remote Maclmlc Second Embodunent

A second embodiment of thc rmnote mac]One, shown in
FIG. 28. Is conligured to be positioned at thc foot of thc
surgical table. I'he renlote machine has a nlobile base The
nxlbile hase allows the renlote machine to be positioned as
appropnate. The mobile base has lockable casters. The
mobile base has a bumper bar that is maised or lowered to
loci and unlock casters.

Thc mobile base hds a qi rotation ]oult aud a III rotation
joint colulccting to thc ann. Tlu: aun is composed of two
linear segments. The lower arm segment connects to the
joint connected to the mobile base and to another IP mtation
joint. The upper anu segment connects the same III rotation
joint as the top of the lower ann segment. The top of the
upper Bnn segment connects to a third Ip rotation joint and
a IP rotation joult. The intcrfdcc connects to the upper ann
scgmcnt tluough a 8 roiation joint.

I'he combination of the three III rotation joints, two ql
rotation joints, one (I rotation joint, and one tnansLational
extension joint provides the articulation j used during the
surgery to manipuLate the end effector connected to the
interface to manipulate the patient*s uterus or other anatomy.

Thc rmnote maclunc lms an ulterfacc that coup]ca the 0
rois]ion joult and trmlslational extension ]oint to Ihe cnd
eITector. 1he interface can accommodate one or more dif-
ferent end effectors. 'I he interface is replaceable and differ-
ent interfaces can connect to the remote machine to accom-
modate different end effectors.

Remote Machine 1 bird I Imlxldinlent

A tlurd embodiment of the remote machine, shown in
FI(i. 29. is configured to be mounted. The remote machine
has a base mounted to the surgical table. The rmuoic
nlilchlnc Is hdnd cdirlcd ol loddix! on a cdla Ior transportation
and attimhment to thc surgical table.

I'he reinote nmchine has a vertical extension joint tilr
naising and lov,erina the remote machine interface to posi-
tion the interface at the proper elevation given the height of
the surgical tabie and the anatomy of the patient. The vertical
cxlcnsion ]oint is a linear actuator.

Thc rcnlolc BIBchlni: hds il horizontal cxtcnslon foinl Iol
translatulg Ihe remote machine inter]ice to position thc
interface at the proper lateral position given the position of
the mobile base, relative to the surgical table, the patient on
the surgicai table, and the anatomy of the patient. The
honzontal extension joint is a linear actuator.

Thc remote maclunc lms a IP rotation ]oint firm]sting thc
arm toward or away from thc surgical table tmd patmnt.

Thc rcmotc machine hds a 0 rotution ]oint and a 4
rotatioi! joint for rotatin the remote Inacluile interface to
position the interface at the proper lateral position given the
position of the mobile base, relative to the surgical table. the
patient on the sur ical table, and the anatomy of the patient.

Thc mobile base, vcr]ical extension ]oint, and houlnlntal
cxlcnsion joull are used lo position and ahgn thc remote
machine ultcrfacc poult with ihe patmnt's anatomy pnor 10

the start of the surgical pmcedure.
'I'he remote nlachine has an articulating ]oint at the end of

the extension arm. The articuLating joint allows for X, Y, and
Z translation as lvell as ba, ill„and 'P rotation of the interface
point Thc articulatulg ]oult is usixl dunng thc surgcty to
miuupulate thc cnd cffi:ctor colulcctcd to the interface to
miuupulate Ihe patient*s uu:rus or other unatomy Thc articu-
lating joint is further detailed above m the description of the
first embodiment remote machine
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llic rnnote machine lrds an inlerfdcc (liat couples thc

articulating joint to the end efi'ector. The interface can
acconuuodate onc or morc ddlhrcn( cnd cffhctors The
interface is replaceable and different interfaces can connect
to thc articulaung loin( to accommodate diffi:rent end cffnu
hi I'

Tbe remote machine has a local control panel for control
of the mobile base caster locks. vertical and horizontal
extension joints. Bnd the articulating joint. The local conrrol

I I I

panel can perlonn sLirtup scqucnces, calibralion, and opera-
tion.

Remote Machine Fourth Embodiment

I
A fourth embodiment of the reinote machine, shown in

FIG. 30. Is conligurixl to be mmuited. The rnnote machine
has a base mounted to the surgical table 'Ihe remote
machine is hand carried or loaded on a cart for transportation
and attachment to tbe surgical table

The remote machine has a 'p rotation joint for rotarin the
ami toward or awuy from thc surgical table and patient

Tbe remote machine has a translation arc nestin exten-
sion loini for translating thc remote maclune interface (0
position the iilterface at the proper lateral position given the
position Of tlu: mobile base, relative io thc surgmal table. the
patient on the surgical table, and the anatomy of the patient.
The transLation arc nesting extension joint is a curved linear
BC(tlator.

Tbe remote machine has a vertical translation arc track at ic
thc cnd Ol'he honzontal arc extension ann. Thc underside
ol'the trmislauou arc track hase vcrucal dntry whwh allows
the aniculatin joint to raise and lower in a vertical curve.

1'he remote machine has an articuLsting joint at the end of
the extension ann. I'he articulating joint allows for X, Y and ls
7 translation as well as O. Iii, and 'p rotation of the interface
point. The articulatin joint is used during the surgery to
manipulate the end etTixtor connecled (0 the mterfacc (0
IlldlllpUldtc thc ptltlcllt S ii(CIUS Or 0(llcl dllatolllv. 111C illtlCII-
lating joint is further detailed above in the description of the ac

firrt enlbodinlent remote nlachine
'lhe remote machine has an interface that couples the

articulatin joint to the end efl'ector. The interface can
acconmloihste one or more different end effectors The
intcrfdcc is replaccnble mid diffi:rent in(erfaccs cml corulcct
to thc articulatin loin( to accommodate diffi:rcnl cnd cffi:c-
hi I'

1'he remote machine has a local control panel for contml
of the mobile base caster locks. vertical and horixontal
extension joints. Bnd the articulating joint. The local conrrol
panel can perform startup sequences, calibration, nnd open-
uon.

Remote Machine Fifih Embodiment
i.

A lifth cmboduncnt of thc remote maclunc, shown ui FIG.
31. Is coniigurcd to be posiuoncd at thc foot of diesur ical
table. The remote mnchine has a mobile base. Thc mobile
base allov s the remote machine to be positioned as appro-
priate The nlobile hase has lockable casters. sc

Tbe mobile base has a curved vertical extension amt
protruding fmm the top of the base. The vertical extension
ami can bc moved horizontally to align thc inlcrl'dcc w ith the
patient rclauvc to thc mobile base. Thc mobile base can
cxtcnd or retract thc vcr(ical extension arm (0 raise or lower ss
the interface in a curved path to align the interface with the
pa(lett(.

Thc remote machine luis a I crticul trauslauon arc (reel on
the vertical extension arm. The underside of the translation
d(C tldCk 11(IS il VCI(ICBI gdlluy wlllC11 Bllows tllc Br(ICUIB(lllg

Iolllt to (BISC ill(i low'Cr Ill II VCI(ICdl CUIVC.
I'he remnte machine has an articulating joint at the end of

the extension ami The articulating jomt allows for X, Y, and
7 translation as v, ell as O. III, and 'Y rotation of the interface
point. The articulating joint is used during the surgery to
manipulate the end effector connected to the interface to
miuupulatc thc patient's utcnis or other anatomy. The arucu-
lating joint is I'urther dctailnl above in thc description ol'hc
first embodiment remote machine

'I'he remote machine has an interface that couples the
articulating joint to the end effector The interthce can
acconunodate one or more ditferent end effectors. The
interface is replaceable and different interfaces can connect
to tllC ilrt(CIihltlllg 10111( (0 dCCO(liillodatc dlffh(C(lt Clif Cffc'C-

(OI'S

I'he remote machine has a local control panel for contml
of the mnbile hase caster locks. vertical and horizontal
extension joints. and the articuLating )oint. The local control
panel can perfiirm startup sniuences. calibration, and opera-
(xi(1.

(:nntrol ( onsole I'irst I inlbodinlent

FIGCL 4A and 4B are schematic diagrams of an exemplary
control console. uccording to some embodiments of thc
iuvnition. The control console Includes a power switch 402.
v hich turns the control console on and off, as well as an
emergency stop switch 4(ll. which can immediately cut
power to the control console, and any equipnlent connected
to the controi console. Two control actuators can control
trmislational motion of the end effector up. dov n. left, right,
111, illld Oil(, BS WCII BS IIIL'ltlolldl (110(1011 Of thC Clif CITV'Ctol

counterclockwise/tell;md clockwise/nght. For cxtunple, a

joystick 403 can proiidc X,Y (up. down, lcfi, nglu) and
rotatinnal (rotate counterclockwise, rotate clochiwise) con-
trol, and a thumbivheel or rocker switch 404 can provide
in/out control. In some enlbodiments. voice control com-
mands and/or foot control pedals. which may be mefi'ective
dlld/Or 1(ICIhCIC(lt, d(C (lilt USixl for (110(1011 0011(rol. A V(000

display 405 can show thc user of thc control console a view,
for example, Ibom thc distal end of thc extnision anu of thc
remnte machine 12(l (e g., ivhere interface 130 and end
etTector 140 are attached). and a status display 406 can
provide information thereon, such as the relative position
(e g., actual versus full range) and the actual position of the
interface 130 and(or thc cnd effi:ctor 140. Venous control
buttons 407 can bc ulcludnl which can be used to control the
cnd cff'cctor. A luck button 408 may be provided (e.g., to
lock the end effector into the correct position, which position
may be stored in memory such that the user can return to
such position by, e, activating a control button)

In some embodiments. the control console is moiuited on
a dedicated stand, us shown scbcmaticully ui FI(i 1. Mount-
ing thc control console on a dedicatixl stand provides lugh
ngulity mid s(abihty, and nuikcs tlu: console more mbusi, as
compared to a table-mounted console In some einbodi-
ments, the control console may be pernlanently mounted to
the stand. In other embodinlents. the control console may be
removeably mounted to the stand.

In some emboduncnts, a control pad mny be provided on
the control coiwole, so thai thc user can Idnitily and store a
SpCC(l(C p(ISI(loll Of thC dlldtillllV Bt Bllv till(0. Illovc'1%BV
from that location for clinical needx and be able to return to
the stored location easily
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In some cmboduncnts, 1hc control console may miter a

calibration mode when turned on. which can provide on
absolute positioning rcli:rance of thc uitcrface. The calibra-
tion process may also serve as a feedback mechanism to
cilsllIC lliat illC IOCailoil Ol 111C illicifaCC iS BCCilld(C.

In sonic embodinients. the control console is not stenle,
but is surgically draped for use within a sterile field (e g.,
when the user is a surgeon w:ho is scrubbed).

('ontrol (:onsoit. )Ccond I imbodiment

In alienmtivc embodiments, as shown ui FIG. 32, thc
control console may comprise a single control actuator for
all moimuent For cxamplc, an X.Y loysiick v,iih rotation

1

and push-in/pull-up capabihty can provide up. down. left,
mghn;md roiauoual (counterclockwise and clockwise) con-
trol as well as in/out control (pmvided by the separate rocker
in the first embodiment control console).

I ixemplary Robotic Uterine Manipulation System
As shown in FICi. 3, in some embodiments. an exemplary

robouc uicruic manipulauou system of thc present invention
may conipnse a user console 310. a surgical end 320. Bnd a
surgical mid mounting unit 318. Thc surgical end mounting
unit 318 may comprise an exemplary device table as
described below. comprisin a base with lockable wheels
and means for macro X. Y. and Z positionin of the sur ical
mxL The surgical mid 320 may comprise im cxcmplary
uiennc mtuupulaior arrangemcnt as descubcd belows com-
prising an extension arni with an end efi'ector such as a so

uterine manipulator attached thereto (with or without a
detachable interface thetubetween), and means (e.g, as
disclosed elsewhere herein) for fine positionin X.Y (up,
down, left. right). in/out. Bnd rotational (rotate counterclock-
wise, roiatc clockwisc) movement ol thc cnd cffi:c1or 3s

responsive io user input from thc control console. The
CXCltlpldiy ri1boiiC On:illlc illtllllplllailoll svsiclll Call pCrfollll
initial operational checks, and upon successful completion
of the check, can enter into an operational inode. A cahbra-
tion procedure can be used to initiate all of the control do

elements to zero and remove stored, pre-set positions.
After ihc cahbratiou process. thc device table, which can

house ihc surgical cud, can be wheeled into thc approximate
opcraiioiml position, lockcxf into place, mid thmi can bc
macro-positioned using the X,YZ controls of the device
table I'he X. Y. and I-axis manipulators of the device table
can facilitate the fioating fulcnim of the surgical end to be
positioned accumtely at the mner zeros where all mmtion
cmi bc centered around. lite surgical end c;m be an clectro-
mcchmucal device by which the cnd cfii:ctor cmi be muvcd o

translaiionally (along thc X ond Y axes and iu/out) and
rotationally (cloclovise and counterclockwise), individually
or simultaneously

The user console 310 can be a control console as
described above„which can facilitate operational interface to 11

the user. Thc system can start ui a "loci" sidtc. which can bc
safbiy state that may have to bc switched off'ui order to

llllildiC dlldiollllCBI poSltlollillg. Tile SVS(Clll Call bo SwltCllcd
or othetwise pmvided into "lock" mode in the event ofeither
user directive or inactivity tmieout. ('Ommands to move the io
end effector can be initiated via a joystick and rocker switch.
X,Y translation ond rotation can be controlled by a 3-axis
joystick wlulc in/out mouon can be Itandlcd via a single
access rocker switch. Most or all coiurols can bc propor-
nonal such thai thc spccd can be ad)us(cd based on the ss
amount of defiection of the control element Upon comple-
tion of the sur ery, the system can be renxived from the

operating room. clcmicd, and pui away for storage. The cnd
etTector may be reusable or disposable.

As shown in FI(i. 3, the user console 310 can include a
video screen. to facilitate viewmg the surgical area by the
surgeon. A central processing unit (CPU) can be connected
to a foystick, which can be used to position the end effector,
venous buttons io control thc cnd cllcctor, ands ihsplay. The
user console 310 can also include an cmcrgcncy stop bution,
which can be connected to power, and to the sur ical end
nxiunting unit 318 via various winng/interconnects The
surgical end mounting unit 318. ivhich can be cimnected to
the user console 310 via the vviring/interconnects. can have
its ov n pov,er button and emergency stop button. The
surgical cnd mounting urn( 318 can have various moior
duvcrs, which can bc used to ad)us( the X. Y, and Z axes of
the end etTector. I he surgical end mounting unit 318 can be
connected via iviring,'interconnects to the surgical end 320,
v hich can have a poiver bmton. various hmit switches, and
various motor drivers as needed The motor drivers can
control the X,Y axis, as well as the rotation and the in/out
illovelllcllt ol thc clif cfieclor.

First Exemplary Utcrmc Mtuupulaior Arrangement
lil(iS. 5-8 are schematic diagrams of a first exempLsry

uterine manipulator arranaement 500, according to some
embodinients of the invention. As shown in 111(i 5. the
exemplary uterine manipulator arrangement 500 can include
a hrst portion 505. which can facilitate movement of a
uterine miuupulator 530 in a first dirimuou along a track
in(agre(cd within the lira( poruon 505 First portion 505 can
include a first connection arrangement 510. which can be
used to connect second portion 515 to first portion 505
Second portion 515 can facilitate movenient of the uterine
manipulator 530 in a second direction, which can be differ-
ent than the first direction, along a tmck integrated into
second portion 515. Second portion 515 can uiclude d

second connection nrrangemeni 520, which can bc used io
connimt tlurd portion 525 to sixoud portion 515. Third
portimi 525 can facilitate an in,'out and rotation movement of
the utenne manipulator 530. which can include a colpotomy
ring. First portion 505 can be connected to a stand 535,
which can be connected to a base portion 540, which can
support ihc cniirc structure. mid wluch can bc placed on a
moveable or stationary table. FIG. 6 illustrates a close-up
view of first portion 505, first connccuou arrangement 510.
and second portion 515

lil(i 7 illustrates the rotational motion of the exempLsry
uterine manipulator arrangenient 500 provided by first por-
tion 505 and second portion 515. For example. first portion
505 can bc coruiccicd io stand 535 tluough a curved track
705 Curved track 705 can facilitate thc rotauonal movmueni
of lirst portion 505. wluch can facilitate thc rotational
nxivement of the entire uterine manipulator arrangement
500

FICiS. 8A and 8B illustrate the translational mnge of
motion of the exemplary uterine manipulator armngement
500 provided by tlnrd portion 525. FIG. 8A shows tlurd
portion 525 ui fully rcirdctcd lhmi, and FICi 8B shows third
portion 525 ui fully extended foun. In some embodiments.
the travel distance between the fully retracted and hilly
extended positions of third portion 525 is about 8 cm (about
3.14 inches).

FICi. 9 is a schematic diagram illustratin the first and
second dcgrccs of frcixiom ol'hc cxmnplary u tenue manipu-
lator arrangcmeni 500 as provided by first portion 505 and
second portion 515, accorduig to some embodiments. A
nxiving tmck and carriage prm ides the required range in
half the size Outside the track is a gear, and the motion of
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Ihe gear (driven by B motor) is translated Io Ihc catrtagc
through a cable One actuator is provided for moving both
the track and the carriage

11Ci 10 is a scheniatic diagram illustrating the third and
fourth degrees of freedom of the exemplary uterine manipu-
lator armngement 500 as provided by third portion 525,
according to some cmboduncnts. Translation ls provtdcxf via
a lead screw, and rotation is provided via a spluic shaft and
nieshin sleeve In some embodiments, the dimensions filr
third portion 525 are about 2 inches for the outer diameter Io

and about 4.5 mches for the length
FIGS, 11 A-IIC are schematic diag mns illustrating exem-

plary operatin pnnciples of the exemplary uterine manipu-
lator arrmigmncnt 500, accordui to some embodimmits.
FIG. IIA shows operatuig pnnciplcs for linear translation.
ill(i. 11B shows operating principles for spiral motion 11Ci.
11('hows opemltmg principles for pure rotation

Second I ixcmp far) Uterine ManipuLltor Arrangenient
FIGS. 12-19 are schematic dia rams of a second exem-

plary uterine manipulator arrangement 1200. according to Jo

some embodiments ol'hc uivcntion. As shown ui FIG. 12,
utcnnc nuinipulator arrmlgcment 1200 can uiclude a base
portion 1205. which can be connected to a first nitatittg
portion 1215 through a first rotation or pivot point 1210.
liirst rotating portion 1215 can facilitate a rotation of the
entire uterine manipulator arrangement 1200. First rotating
portion can be connected to a second rotatiiig portion 1225
tluough a second rotation or pivot porn( 1220. Second
rotating portion 1225 can facilitale a rota lion ol'a part of thc
exemplary uterine manipulator arrangement 1200 Second lo
rotating portion can be connected to erin 1230. which can
facilitate an m'out and rotation movement of the uterine
manipulator 1235, which can include a colpotomy ring

FIGS. 13-19 are schematic dia rams illustratin the
Spit:llCdl lllotloll Of Ihl: CXCluplBlv JJICJ111C ulilnlpllhilor 31

arrmigmncnt 1200. For cxamplc, duc Io thc arran ament of
rotational joints 1210 mid 1220 ui thc exemplary uterule
nianipulator arrangement 1200, the uterine manipulator
1235 can traverse a path that can circumscribe a sphere. tlnis
avoiding any unwanted penetmltion within the body. Such Bn do

exemplary arrangement can facilitate a very large ran e of
angular motion through which thc utermc maiupulator 1235
cdn Ir'dvcrsl:.

FIGS. 20A and 20B arc diagrams of Ihe third portion 1230
of the exenlplary utenne manipulator arnlngement 1200,
accordin to some embodiments of the invention ill(i 20A
shows the third portion 2030 and the uterine manipulator
2035 in a non-extended, non-rotated position. Upon the
schon ol'motors 2005 and 2010 on pulleys 2015 and 2020,
thc arm 2025 can ex(mid, rotate, or both extend and rotate. o

Exemplary Device Table
FI(i 21 shows an exeniplary device table cotnprisittg

portable stnicture 2100 that can pmvide a mobile base for an
exemplary uterine manipulator arrangement 2105. accord-
ing to some embodunents ofthe invention. As shown in FICi. Ss

21. the portable structure 2100 can be provided on wheels
2110. which can be locked ui place using whccl locks 2115.
Yerucal (Z-axis) posiuonuig can be acluevcd usuig a struc-
nire 2120, and X.Y positionuig can be achieved using
structures 2125 so

Exemplary Operation
FIG. 22 shows B flow diagram of an exemplary method

2200 lbr performing a laparoscopic surgery usmg an cxem-
phiiy lilcrnlc nlalupuhitor Blrallgcnlcnt of 1111: prcscnl lllvcil-
uon. For example, at proccdurc 2205, prc-positionmg of the si
exemplary uterine nianipulator arrangement can be per-
formed. ('shies can be connected to the uterine manipulator

arrangcmcnt at pmccdurc 2210, and a stcnlc drape can bc
applied at procedure 2215. At procedure 2220. the exem-
plary uterine manipulator armngement can be powered up
and calibrated. and operational positioning of the exempLlry
uterine manipulator arrangement can be performed at pro-
cedure ZZ25. An opemltion using the exemplary uterine
miuupulator arrangement can bc pcrfonncd at procedure
2230, and thc utcruic mmnpulator arrangcmcnt can be
removed at procedure 2235. AJ procedure 2240, the exem-
plary uterine manipulator arrangement can be powered
down, and then cleaned at procedure 2245 and stored filr
later use at procedure 2250.

FICi 23 shows a flow diagram of another exemplary
method 2300 lbr using an cxcmplary utennc manipulator
dlrilngcllicllt of Ihc pllwt:nt Invcnnoll, Bccollllng sonic
embodiments. For exmnple, at procedure 2305. the uterine
manipulator arrangement can be powered on, and a self-test
can be performed at procedure 2310 If the uterine manipu-
Lltor arran ament does not pass the self-test, then the uterine
manipulator arrangement can either be rebooted. or a service
call can bc made. at procedure 2315. If thc scllltest ls passls L

an initialization procedure can bc inluated at procedure
2320. At procedure Z325. if Jhe uterine manipulator arrange-
ment does not initialize. then the uterine manipulator
arrangenient can either be rebooted, or a service cali can be
made, at procedure 2315. If the uterine manipulator arrange-
ment does initialize, then a lock mode can be entered at
proccdurc 2330. At proccdurc 2335. Jf thc utennc mmupu-
lator arrangcmcnt is not unlocked, then the utcnne mmupu-
lator arrangement can renlain in lock niode If the uterine
manipulator arrangenient is unlocked, then a timer (e.g . a 30
second timer) can be initiated at procedure 2340 If the tiiner
reaches zero. then lock mode can be entered into again at
procedure 2330. If the tinier does not reach zero, then B

dctcrnunation of a buuon press can bc pcrfomlcd at proce-
dure 2345. If there is a buuon press at proclxlurc 2345. a
dctcrnunation can be made as Io whether Ihc button press
was a lock button press at procedure 2350, and if so, then the
exeniplary uterine manipulator arrangement can be locked at
procedure Z330. If a diflerent button (not the lock button) is
pressed. then a conunand associated with the button can be
carried out at procedure 2355. If thcrc is no button press at
proccdurc 2345. but there is a Ioystlck movemcnt at proce-
dure 2360, then thc movemcnt corresponduig Io thc Ioysuck
can be carried out at procedure 2365 If there is no button
press at procedure 2345. and no joystick movement at
procedure 2360, then a timer can be initiated at procedure
2340.

FICi 24 shows a block diagram of an exemplary embodi-
menl of a system accorduig Io some cmboduncnts of Ihc
invention. For cxamplc. exemplary procedures ui accor-
dance with the present invention can be perfornied by a
pmcessing arrangement and,'or a conlputing arrangeinent
2402. Such processing/coniputing arran ement 2402 can be,
for example. entirely or a part of„or can include. a computer/
processor 2404 that cdn uicludc, I'or cxamplc, onc or morc
microproccssors. and usc uistnmtions stored on a computcr-
acccsslblc medium (c.g.. RAM, ROM. hard dnvc, or other
stomlge device)

As shown in ill(i Z4, a conlputer-accessible medium
2406 (e.g.. as described herein above. a stomlge device such
as a hard disfo floppy disk, memory stick, CD-ROM, RAM,
ROM, ctc.. or a colhwuon thereof) can bc provided (c.g., in
conumuucation with thc processuig arrdngemcnt 2402). The
computer-accessible Jncdtutu 2406 can contmn executable
instmctions 2400 thereon tilr providing the functionality
herein. In addition or alternatively, a storage arrangement
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2410 can be provided separately Ibom the computer-acces-
sible medium 2406, which can provide the instmctions to the
pmcessin arrangement 2402 so as to configure the process-
ing arrangement to execute certain exemplary procedures,
processes and methods. as described herein above, for
example.

Further. &hc exemplary processu&g arrangcmeni 2402 can
be pro& idcd with or u&cludc m& input/output arrangemeui
24 f4, which can include, for exainple a wired network. a
wireless netv ork, the internet, an intranet„a data collection Io

pmbe, a sensor, etc As shown in Itl(i. 24. the exmnplary
processing arrangement 2402 can be in conuuunication v ith
an exemplary dispLay arrangement 2412, which. according
io some embodunm&ts, can be a touch-screen contigured for
inpuiiing infonuauon io the pmccssing arrangemcnt in addi-
&lou to outputthlg Itifotlliation ftonl thc pl'occsshlg Btlangc-
ment, tilr example. I'unher. the exeinplary display 2412
and&or a storage arrangement 241() can be used to display
and/or store data In a user-accessible format and/or user-
readable format IO

While there have bccn shown and described fund Bnm&tal

novel les&urea ol thc invention as applied Io thc prefcrrcd
and exemplary embodiments thereof, it will be understood
that omissions and substitutions and changes in the foun and
details of the disclosed invention may be made by those
skilled in the art without departing tbom the spirit of the
invention. Moreover. Bs is readily apparent. numerous modi-
Iicauons and chmtgcs may readily occur to those skilled in
the ari. For cxmnple, any fi:dturcts) in onc or more embodi-
ments may be applicable and combined with one or ntore lc
other enlbodinlents Ilence. It is not desired to tin&it the
1&1v ail tint& to Ihc exact cot&st&net&on;lixl operation shown ailrl
described and. accordin ly, all suitable modification equ&va-
lents may be resorted to falling within the scope of the
invention as claimed. It is ihc inienuon, therefore, to be ls
limited only Bs indicated by thc scope ol'hc clainm
appcndcd ln:rcto.

yghat is clainled is
I A robotic anatomical manipulation system tilr use v ith

an end efi'actor configured to position Bnd hold an anatomy do

of a patient during a minimally invasive surgical procedure,
ihc s)'sicni conlpilshlg.

II rt:nloic n&i&chute conlpilslng.
a base composing a mobile base havu&g one or morc

lockable casters ore mountable base configured to be
mounted to a surgical table: and

a moveable extension am& connected to the base, the
extension arm having a distal end positionable reL1-
live to Ihc surgical table and configured Io connect lo
ihc cnd cfii:ctor, and o

a control console in conumuucauon with ihc renu&te
machine via a wired connection or a wireless connec-
tion,

the extension arm consisting essentially of two linear
segntents. one proxunal and one distaL a first 'p rota- 11

tion jou&i and B lira& &I& rotation jou&i at a proxmtal cnd
ol ihc proximal segment connected Io ihe base, a
second ti& rotation I oint bc&ween the proximal a&xi distal
segments, a second 91 rotation joint and a tlfird II&

rotation joint at a distal end of the distal segment, and tc
a fi& rotation joint and a translation extension joint
connected thereto.

whcrcin the ihrtm II& rotation jou&is, iwo IP rotation loin&a,
ont: 8 ii1&diion )obit. and onc irdnslduon cxlcnslon foil&
dre conligurcd io provide ari&culauon used durutg the ss
sur ical procedure to i&iove the end efiector to maitipu-
late the patient's anatomy responsive to user input

reccivcd Ibom thc conuol console v&B thc wired con-
nection or the wireless connection. and wherein the end
ett'ector movement includes translational movement
up, doivn, left, rigi&t. in and out, and mtational move-
ment counterclockwise and clockwise.

2 The system of claim t„&vherein the remote machine
comprises the mob&le base ha& ing the onc or more lockable
casters, thc mobile base including a bumper bar around a
perin&eter thereof, the bumper bar positionable between the
nxlbile base and the surgical table and configured to be
mlised and lov,ered to lock and unlock the casters

3 The system of claim 1. further composing an interface
connected to the distal end of the extension ann. the inter-
face coniigured io connect the 0 roiat&on joint and thc
translation exim&sion loin& io ihc end ctli:ctor.

4 'I'he system of claim 3, wherein the interface is con-
figured to connect the () rotation loint and the translation
extension joint to a uterine manipulator configured to posi-
t&i&11 'nltl ht)id the patient*s uterus dunng a robotically-
assisted or manual laparoscopic hysterectomy.

5 Thc system of clmm 1, litrther comprisutg a disposable
stcillc drape covering thc rcnioic nidchnn: Bnd Blain&Bnnng
a stenle field between the renlote machine and the patient

6 I'he system of claim I, wherein the renlote machine
further comprises one or more sensors. and wherein the
remote machine is contigured to transmit sensor data and
information to the control console via the wired connection
or thc wireless corutccuon.

7 The system ol'clmm 6. Bhcrcin thc rmnoic machu&c is
configured to determine via the one or n&ore sensors an
amount of force applied to a v orking end

0 The system of clainl 7. v herein the remote machine is
configured to provide a warnin when the force is deter-
mined to exceed a predetem&ined threshold.

9 Thc system of clmm 7, whermn the rmnote maclune is
configurcxt io automaucally stop whm& thc Ihrce is dcier-
nuncd to cxcced a predetcnnined threshold.

ltl. A robotic anatomical manipulation systen& for use
with an end effector configured to position and hold an
anatomy of a patient during a minimally invasive surgical
procedure, the system con&prising:

B tcnloic nnichnlc conlpilsing:
a base comprising a mobile base havutg one or morc

lockablc casters or a mountable base contigured io bc
mounted to a surgical table; and

a moveable extension am& connected to the base, the
extension amt having a distal end positionable rela-
tive to the surgical table and configured to connect to
thc cnd et(actor,;md

a control console in comnntnication w&ih Ihc rmuoie
machine via a wtnxt coiuuxiion or a wireless connec-
tion,

wherein the extension ann comprises two lmear segn&ents
comprising a proximal segment and a distal segment, a
first 'p rotation joint and a first tp mtation )oint at a
proximal end ol'he proximal scgmcnt connected to thc
bdsc, 11 second &II rotation loin& between thc proxunal
m&d d&stat segmm&ts, a second IP roiauon loint and a
tlnrd ti& rotation joinr ar a disml end of the distal
segment, and a () rotation loint and a tmlnsLltion
extension joint connected to the end effector,

v herein the tiuee ti& rotation joints. Ovo 'p rotation joints,
onc 0 rotation loutb;md onc translation cxicnsion jou&t are
configurcxt io prosaic ariiculauon used dunng the surg&cal
procedure to move the cnd ctlcctor to mimipulaic ihe
patient's anatomy responsive to user input received from the
cmttrol console &ia the &vired connection or the wireless
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coluux non. and w hcrcln llm end clfeclor movcmcnl ulcludes
translational movement up, down. left. right, in and out, and
rotational movement counterclockwise and clou&vise,

wherein the remote nlachine comprises the nxlbile base
having the one or more lockable casters, the mobile base
including a bumper bar around the entire perimeter thereof,
the bumper bar positionable between the mobile base and
thc surgmal table aud conligured to be raised tmd lowcrcd to
luck and unlock thc casters.

1 I 1

11. Thc system of clmm 10, further compusulg an lntcr-
facc conncctcxl to thc distal end of lhc extension ann, the
interface conhgured to connect the 8 rotation joint and the
translation extension joint to the end etfector

fZ. The systenl of claim 11. lvherein the interface ls
configured to connect the 0 rotation joint and the translation
extension joint to a uterine manipulator confi ured to posi-
uon;md hold lhc patient's uterus dunng a robollcally-
asslslcd or manual laparoscopic hystcrcclomy.

13. Thc system ol'claun 10, further composing a dispos-
ablc stcrilc drape covcnng the rcmotc machine and main-
tainin a sterile iield benveen the remote maclfine and the
patient.

14. lym systcul of clahu 10. lvhct'cul thc rculotc nlachlilc
further comprises one or more sensors. and wherein the
remote machine ls conligurcxl to trunsmlt sensor data and
infilrmation to lhc conuol console via thc wired connection
or the v ireless connection.

15. The system of claim 14. wherein the remote maclfine
is configured to detenuiue via the one or nlore sensors an
amount of force applied to a lvorking end.

16. The system of claim 15. wherein the remote machine
is conligured to provide a warning whml lhe lbrcc is dcier-
nuncd to cxcced a predetcnnined threshold.

17. Thc system of claim 15. whermn the remote maclunc
is configured to automatically stop when the fires is deter-
nuned to exceed a predetermined threshold

i c c s
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