EP 1 933 692 B1

(19)

Europaisches
Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 1 933 692 B1

(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: A61B 1/00(2006.01)
04.07.2012 Bulletin 2012/27
(86) International application number:
(21) Application number: 06803609.4 PCT/US2006/035858
(22) Date of filing: 13.09.2006 (87) International publication number:
WO 2008/033133 (20.03.2008 Gazette 2008/12)
(54) INSERTABLE DEVICE AND SYSTEM FOR MINIMAL ACCESS PROCEDURE
EINSETZBARE VORRICHTUNG UND SYSTEM FUR EIN MINIMALINVASIVES VERFAHREN
DISPOSITIF INSERABLE ET SYSTEME POUR UN ACTE AVEC ACCES MINIMAL
(84) Designated Contracting States: (72) Inventor: FOWLER, Dennis, L.
AT BE BG CHCY CZDE DK EE ES FI FR GB GR New York, NY 10021 (US)
HUIEISITLILT LU LV MC NL PL PT RO SE SI
SKTR (74) Representative: Lawrence, John
Designated Extension States: Barker Brettell LLP
AL BA HR MK RS 100 Hagley Road
Edgbaston
(30) Priority: 13.09.2005 US 226665 Birmingham
B16 8QQ (GB)
(43) Date of publication of application:
25.06.2008 Bulletin 2008/26 (56) References cited:
JP-A-2002 334 761 US-A1- 2003 093 088
(73) Proprietor: The Trustees of Columbia University US-A1- 2004 133 076 US-A1- 2004 267 095

in the City of
New York
New York, NY 10027 (US)

US-A1- 2005 014 994

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 1933 692 B1 2

Description

[0001] The presentapplicationis a continuation-in-part
of U.S. Patent Application Serial No. 10/620,298 filed July
15, 2003.

Background of the Invention

[0002] The present invention relates to systems and
devices for use in connection with minimal or limited ac-
cess procedures, such as minimally invasive surgical
procedures.

[0003] Minimallyinvasive surgical procedures, e.g., la-
parascopic procedures, have dramatically reduced pa-
tient recovery times. However, the reduced recovery
times have correspondingly resulted in an increase, from
a surgeon’s perspective, in the complexity of the surgical
procedures. This is in part due to the characteristic rela-
tively small incisions, e.g., approximately 10 mm in di-
ameter, through which a surgeon accesses a surgical
site to perform the minimally invasive surgery. The limited
access adds to the complexity of the surgical procedures
since surgeons must remotely manipulate sufficiently
small instruments though the incisions and must also
view the surgical site through the small incisions.
[0004] Imaging systems that provide a view of the sur-
gical site for a minimal access surgical procedure typi-
cally include an endoscope, e.g., a tubular instrument
containing optical lenses and light guides that feed im-
ages to an external video camera and a monitor, such
as the endoscope discussed in Untied States Patent
4,651,201. Endoscopes, however, have drawbacks. For
instance, since the surgeon is generally using both hands
to manipulate other instruments used in the procedure,
e.g., forceps, scissors, coagulators/cauterizer probes,
etc., an assistant is required to hold and orient the endo-
scope to adjust the view during the procedure. Robotics
have recently been introduced to automate the task of
orienting the endoscope during minimally invasive sur-
gical procedures, such as the Automated Endoscopic
System for Optimal Positioning ("AESOP"). The AESOP
uses a robot arm that is directed by spoken commands
to orient the endoscope. While the AESOP takes the bur-
den off the assistant and provides a much more stable
view of the field, the equipment necessary for the AESOP
is complex and occupies a large part of the operating
room floor.

[0005] A smaller and simpler robotic endoscope ma-
nipulator that can be placed directly over the insertion
point was developed at the Institut National de Recher-
che en Informatique et en Automatiqueinria ("INRIA").
However, the INRIA system as well as other robotic sys-
tems fail to address the limited available range of motion
about the fulcrum at the abdominal wall through which
the endoscope as well as other instruments pass to gain
access to the surgical site. The limited range of motion
translates into limits with regard to the degree of freedom
that the instruments may be oriented toward the surgical
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site.

[0006] Active or hyper endoscope systems have been
proposed that generally consist of a multi-link robotic arm
with a camera mounted thereon, such as the active en-
doscope discussed in Japanese Patent 2000175865,
which provide additional freedom with respect to orient-
ing the endoscope camera. However, these systems re-
quire a dedicated incision for the endoscope to access
the surgical site and typically require relatively high volt-
age to operate the actuators necessary to manipulate
the hyper endoscope which from a safety perspective
may be problematic when used in surgical procedures.
Pill cameras have also been adapted for imaging sec-
tions of the small intestine that are out of the reach of a
colonoscope, such as the pill camera described in United
States Patent 5,604,531 and United States Patent
6,428,469. However, pill cameras do not generally in-
clude means for orienting the camera; rather, pill camer-
as merely rely on peristalsis to orient the camera.
[0007] There is therefore a need for systems and de-
vices for minimal access procedures that do not require
an assistant to hold and orient an instrument and that
provide additional or greater freedom than is provided
with an endoscope or other instrument with regard to
orienting the instrument toward the site of interest. There
is also a need for systems and devices for minimal access
procedures that provide additional or greater freedom
with regard to orienting the instrument toward a site of
interest than is provided with an active or hyper endo-
scope that do not require a dedicated access incision
into the site for the instrument.

An example of an insertable device and system for min-
imal access procedure is disclosed in US Patent Appli-
cation No. 2005/0014994. The device is a single or multi-
functional element device that can be inserted and tem-
porarily placed or implanted into a structure having a lu-
men of hollow space, such as a subject’s abdominal cav-
ity to provide therewith access to the site of interest in
connection with minimally invasive surgical procedures.

Summary of the Invention

[0008] The presentinvention generally provides a sin-
gle or multi-functional element insertable device accord-
ing to the appended claims that can be inserted and tem-
porarily placed or implanted into a structure having a lu-
men or hollow space. Once inserted into the lumen of
the structure, the device is removably attached or se-
cured to the interior of the structure, such as to the interior
of a subject’s abdominal wall, near a site of interest so
that the functional element or elements may be oriented
thereto, preferably to look down at the area of interest.
The insertable and implantable aspect of the present in-
vention obviates the limited motion about an insertion
point drawback associated with endoscopes, as well as
other instruments, by allowing the surgeon to move the
device to different locations on the abdominal wall. More-
over, the insertable aspect allows a surgeon to insert a
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plurality of devices into the structure’s lumen through a
single incision thereby increasing access to the site with
minimal incisions. Although the present invention may
be described by way of example in relation to minimal
invasive surgical procedures, it is understood that the
invention is equally applicable to provide images, as well
as various other functionality, of numerous structures
with alumen, and is therefore not limited thereto. Imaging
is used herein to generally denote pertaining to producing
an image of a site, such as producing a video image of
a surgical site.

[0009] The present invention further provides an in-
sertable device that has one or more functional elements
configured to have or exhibit various degrees of freedom
of movement with respect to orienting the functional el-
ements. Where the functional element or element is a
camera element, the device provides a wider field of view
of the surgical site than that provided by standard endo-
scopic cameras. Additionally, the insertable device so
configured provides access to a site of interest from mul-
tiple and different orientations or perspectives within the
lumen, as the procedure dictates, further obviating limited
mobility about the point of insertion drawback associated
with endoscopes. In a multi-camera element embodi-
ment of the invention, the imaging device provides mul-
tiple selectable views of the site and may be used in con-
nection with a stereoscopic imaging system to provide a
stereo view of the surgical site to recreate the sense of
depth that is lost with a traditional video monitor.

[0010] Accordingly, in one aspect of the presentinven-
tion, a device insertable into a structure having a lumen
is provided thatincludes a first housing, at least one func-
tional element connected to the first housing, the func-
tional element for use during a minimal access proce-
dure, and a securing element for removably securing the
insertable device to or against a wall of a structure having
a lumen. In one embodiment, the at least one functional
element is movably connected to the first housing, and
the device includes at least one actuating element con-
nected to the first housing and the functional element.
The actuating element is generally capable of moving
the functional element in relation to the first housing in
at least one degree of freedom. The securing element
may be a needle protruding from the imaging device es-
sentially inline with the elongated axis of the device, a
magnet, a clamp, an adhesive, etc. In one embodiment,
the insertable device is adapted or otherwise configured
for use in connection with minimal access surgical pro-
cedures. In this instance, the securing element includes
aneedle protruding from the insertable device essentially
inline with the elongated axis of the device. The insertable
device is capable therewith of being removably secured
againstasubject’'s abdominal wall by inserting the needle
into tissue of the abdominal wall.

[0011] The functional elements may vary according to
the desired functionality, which includes camera ele-
ments, a light elements, a laser elements, etc. In one
embodiment, the functional element includes a camera
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element, such as a CMOS imaging sensor or a CCD im-
age sensor. In another embodiment, the functional ele-
mentis a camera element thatincludes alens and a CCD
image sensor mounted in a lens housing having threads
therein to accept the lens and to accommodate focal ad-
justments.

[0012] In one embodiment, at least one functional el-
ement is movably connected to the first housing and the
device includes atleast one actuating element connected
to the first housing and the functional element. In this
instance, the actuating element is capable of moving the
camera element in relation to the first housing in at least
one degree of freedom selected from a group consisting
of: afirst degree of rotational freedom essentially orthog-
onal to the elongated axis; a second degree of rotational
freedom essentially inline with the elongated axis; and a
third degree of translation freedom essentially inline with
the elongated axis.

[0013] In another embodiment, the at least one func-
tional element is a plurality of camera elements movably
connected to the first housing and the device includes a
plurality of actuating element connected to the first hous-
ing and the camera elements. In this instance, the actu-
ating elements are capable of moving each of the camera
elements in relation to the first housing in at least one
degree of freedom selected from the group noted above.
[0014] In another embodiment, the at least one func-
tional element is movably connected to the first housing
and the device includes at least one actuating element
connected to the first housing and the functional element.
In this instance, the actuating element is capable of mov-
ing the camera element in relation to the first housing in
afirst degree of rotational freedom essentially orthogonal
to the elongated axis allowing the functional element to
be retracted into and extracted from the first housing.
The actuating elements may be a motor producing rota-
tional movement that interfaces with the functional ele-
ment to translate or redirect the rotational movement pro-
duced by the motor in a direction essentially orthogonal
to the elongated axis, such as with a bevel screw, a worm
gear, or an assembly linking the element to a nut on a
lead screw.

[0015] In another embodiment, the insertable device
includes a second housing rotatably attached to the first
housing and at least one actuating element connected
to the first and second housings. In this instance, the
actuating element is capable of moving the functional
elementin relation to the first housing in a second degree
of rotational freedom essentially inline to the elongated
axis by rotating the first housing in relation to the second
housing.

[0016] In another embodiment, the at least one func-
tional element is movably connected to the first housing
and the device includes at least one actuating element
connected to the first housing and the functional element.
In this instance, the actuating element is capable of mov-
ing the functional element in relation to the first housing
in a third degree of longitudinal freedom essentially inline
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to the elongated axis allowing the functional element to
translate along the third degree of freedom.

[0017] Movementin a third degree of longitudinal free-
dom may be accomplished with a functional element that
is mounted to a shuttle capable of moving along the elon-
gated axis. The actuating element may be a motor pro-
ducing rotational movement connected to a lead screw
that interfaces with a threaded portion of the shuttle to
translate the rotational movement of the motor into lon-
gitudinal movement in the shuttle along the elongated
axis. Such movement may also be accomplished for a
plurality of functional elements with a corresponding
number of motors producing rotational movement, and
a corresponding number of shuttles each functional ele-
ment is mounted to a shuttle capable of moving along
the elongated axis. In this instance, each shuttle includes
athreaded portion and a hole, and each motor connected
to a lead screw interfaces with the threaded portion of
one of the shuttles to translate the rotational movement
of the motor into longitudinal movement in the shuttle
along the elongated axis and each lead screw passes
through the hole of another shuttle to provide a guide for
the other shuttle. Each shuttle may include mounted
thereto at least one actuating element capable of moving
the functional elements in relation to the first housing in
afirstdegree of rotational freedom essentially orthogonal
to the elongated axis allowing the functional elements to
be retracted into and extracted from the first housing. In
one embodiment, the plurality of actuating elements are
capable of moving each of the functional elements inde-
pendently of each other. The translational movement
may also be accomplished with a linear rail/actuator sys-
tem.

[0018] In another embodiment, the insertable device
includes a second housing rotatably attached to the first
housing and at least one actuating element connected
to the first and second housings. In this instance, the
actuating element is capable of rotating the first housing
in relation to the second housing and each housing has
an access opening therein capable of aligning with each
other so that the first housing may be rotated to cover
the functional elements and rotated to align the access
openings to expose the functional element.

[0019] In another aspect of the present invention, an
insertable device having an elongated axis associated
therewith is provided that includes a first housing, a sec-
ond housing rotatably connected to the first housing, at
least one camera element comprising an image sensor
movably connected to the first housing, at least one ac-
tuating element connected to the first housing and the
camera element, and a securing element associated with
the second housing for removably securing the imaging
device to or against a wall of a structure having a lumen.
The actuating element is capable of moving the camera
element in relation to the first housing in at least one
degree of freedom selected from a group consisting of:
afirstdegree of rotational freedom essentially orthogonal
to the elongated axis, a second degree of rotational free-
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dom essentially inline with the elongated axis, and a third
degree of longitudinal freedom essentially inline with the
elongated axis.

[0020] Inanother aspect of the invention, an insertable
device having an elongated axis is provided that includes
a first housing, a second housing rotatably connected to
the first housing, a plurality of camera elements each
comprising an image sensor movably connected to the
first housing, at least one actuating element connected
to the first housing and the second housing, the actuating
element capable of rotating the first housing in relation
to the second housing, at least one actuating element
connected to each of the camera elements, the actuating
element capable of moving the camera element in rela-
tion to the first housing in a first degree of rotational free-
dom essentially orthogonal to the elongated axis, and a
securing element associated with the second housing for
removably securing the imaging device to or against a
wall of a structure with a lumen.

[0021] In another aspect of the invention, a minimal
access system is provided that includes a driving device
communicatively connected to at least one device insert-
able into a structure having a lumen, the device including
at least one functional element associated therewith for
use during a minimal access procedure and at least one
securing element for securing the insertable device
against a wall of the structure having a lumen. In one
embodiment, the insertable device includes at least one
actuating element capable of moving the functional ele-
ment in at least one degree of freedom and the driving
device provides a drive signal to remotely control the
movement of the functional element.

[0022] The driving device may be adapted to provide
hybrid control of the insertable device such that the driv-
ing device may autonomously control functional element
movement in at least one degree of freedom. For in-
stance, the functional element may be a camera element
and the driving device may autonomously control the
camera element movement to maintain a user identified
object in view while the user controls camera element
movement in at least one degree of freedom to obtain an
image of the site of interest from different perspectives.
Additionally, the at least one functional element may be
a plurality of camera elements and the driving device may
autonomously control the movement of the camera ele-
ments to produce a stereoscopic image of the site of in-
terest or to create stereo images of a site of interest in
real-time based on automatic vergence algorithms.
[0023] Inanother aspectof the invention, an insertable
device is provided that includes a first housing, at least
one functional element movably connected to the first
housing allowing the functional element to be retracted
into and extracted from the first housing, and at least one
actuating element connected to the first housing and the
functional element. The actuating element is generally
capable of moving the functional element in relation to
the first housing in a first degree of rotational freedom
essentially orthogonal to an elongated axis of the device
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for retracting and extracting the functional element from
the first housing.

[0024] Inanother aspect of the invention, an insertable
device is provided that includes a first housing, a second
housing rotatably connected to the first housing, at least
one camera element that includes an image sensor mov-
ably connected to the first housing, and at least one ac-
tuating element connected to the first housing and the
camera element. The actuating element is generally ca-
pable of moving the camera element in relation to the
first housing in at least one degree of freedom, such as
afirst degree of rotational freedom essentially orthogonal
to an elongated axis of the device, a second degree of
rotational freedom essentially inline with the elongated
axis, and a third degree of longitudinal freedom essen-
tially inline with the elongated axis.

[0025] In another aspect of the invention, a minimal
access system is provided that includes a driving device
communicatively connected to at least one device insert-
able into a structure having a lumen. The insertable de-
vice includes a first housing, at least one functional ele-
ment for use during a minimal access procedure movably
connected to the first housing allowing the functional el-
ement to move in at least one degree of freedom, and at
least one actuating element connected to the first hous-
ing and the functional element. The actuating element is
generally capable of moving the functional element in
relation to the first housing in the at least one degree of
freedom. The driving device includes at least one con-
troller that provides a driving signal to control movement
of the functional element in the at least one degree of
freedom.

[0026] In another aspect of the invention, a minimal
access system is provided that includes a driving device
communicatively connected to at least one device insert-
able into a structure having a lumen. The insertable de-
vice includes afirst housing, atleast one camera element
moveably connected to the first housing allowing the
camera element to move in at least one degree of free-
dom, and at least one actuating element connected to
the first housing and the camera element. The actuating
element is generally capable of moving the camera ele-
ment in relation to the first housing in the at least one
degree of freedom. The driving device includes at least
one controller that provides a driving signal to control
movement of the camera element in the at least one de-
gree of freedom, and an image tracking module that
tracks movement of at least one object in a field of view
of the camera element. In this instance, the controller
controls movement of the camera element based on a
signal from the image tracking module to maintain the
object in the field of view of the camera element.

[0027] Additional aspects of the present invention will
be apparent in view of the description that follows.

Brief Description of the Figures

[0028] FIG. 1 is a perspective view of an insertable
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device for minimal access procedures according to one
embodiment of the present invention functional elements
in a retracted position;

[0029] FIG. 2 is a perspective view of an insertable
device for minimal access procedures according to one
embodiment of the present invention with functional el-
ements in an extracted position;

[0030] FIG.3isasectional view of an insertable device
for minimal access procedures according to one embod-
iment of the present invention showing a functional ele-
ment in an extracted position and showing the range of
motion of the functional elementin a direction orthogonal
to the elongated axis of the device;

[0031] FIG.4isasectional view of an insertable device
for minimal access procedures according to one embod-
iment of the present invention showing functional ele-
ments each rotatably mounted onto a shuttle and a shut-
tle interfacing with a motor and lead screw assembly;
[0032] FIG.5isasectional view of an insertable device
for minimal access procedures according to one embod-
iment of the present invention showing shuttles each in-
terfacing with a motor and lead screw assembly;

[0033] FIG. 6 is a perspective view of a shuttle with a
functional element rotatably mounted thereon and the
functional element interfacing with a motor with a worm
gear assembly;

[0034] FIG.7 is adiagram of a minimal access system
according to one embodiment of the present invention;
[0035] FIG. 8 is a side view of an insertable device for
minimal access procedures according to one embodi-
ment of the present invention with functional elements in
a retracted position; and

[0036] FIG. 9is a side view of an insertable device for
minimal access procedures according to one embodi-
ment of the present invention with functional elements in
an extracted position;

[0037] FIG. 10 is a sectional view of an insertable de-
vice for minimal access procedures according to one em-
bodiment of the present invention showing an electrical
circuit for communicating with the functional element
and/or the shuittle;

[0038] FIG. 11 is a sectional view of an insertable de-
vice for minimal access procedures according to one em-
bodiment of the present invention showing an electrical
system with a plurality of circuits for communicating with
the functional element and/or the shuttle;

[0039] FIG. 12 is a sectional view of an insertable de-
vice for minimal access procedures according to one em-
bodiment of the present invention showing an electrical
system with a plurality of circuits for communicating with
the functional element and/or the shuttle;

[0040] FIG. 13 is an image of a protein crystal and a
grasping loop in a beginning sequence of a video image
used to track the movement of the grasping loop in the
video image; and

[0041] FIG. 14 is an image of a protein crystal and
grasping loop in a subsequent sequence of a videoimage
used to track the movement of the grasping loop in the
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video image.
Detailed Description of the Invention

[0042] In one aspect of the present invention, a single
or multi-functional element, insertable device is provided
that can be inserted and temporarily placed or implanted
into a structure having a lumen or hollow space. The
structure having alumen may be the anatomical structure
of a subject, such as the subject’s heart, lungs, esopha-
gus, stomach, intestines, thoracic cavity, abdominal cav-
ity, blood vessels, etc., and non-anatomical structure,
such as tanks, pipes, confined spaces, rooms, etc. Inone
embodiment, the present invention is adapted to be in-
serted and temporarily implanted into a subject’s abdom-
inal cavity to provide therewith images of a surgical site
for use in connection with minimally invasive surgical pro-
cedures, such as laparascopic procedures. The subject
may be any animal, including amphibians, birds, fish,
mammals, and marsupials.

[0043] ReferringtoFIGs. 1and 2, the insertable device
100 of the present invention generally includes a first
housing 102 and a securing element 104 for removably
securing, e.g., attaching or holding, the device onto or
against the wall of a structure having a lumen, at least
one functional element 106 movably attached to the
housing, and at least one actuating element 108 con-
nected to the first housing for moving or causing the func-
tional element to move in relation to the housing. A func-
tional element is generally an instrument or device that
provides a desired functionality with regard to the minimal
access procedure. For instance, the functional element
106 may be a data acquisition device, such as a camera
element, a sensor, an ultrasound probe, etc., or an ef-
fector, such as alightelement, alaser element, a grasper,
a dissecting instrument, a needle, a scalpel, a grasper,
dithermy/cautery instruments, a suturing instrument, a
stapling instrument, etc. An effector is generally a device
or a combination of devices that bring about a result. The
device 100 may further include a second housing 112
movably connected to the first housing 102, which is ex-
plained in more detail below.

[0044] In one embodiment, the insertable device is
adapted or otherwise configured for surgical applica-
tions. In this instance, the securing element 104 may be
a needle 110 protruding from the insertable device 100,
e.g., the first or second elongated housings 102, 112, in
an orientation essentially parallel to orinline with the elon-
gated axis 120, similar to the pocket clip of a pen, such
that the needle 110 may be inserted into the inner fatty
tissue beneath the muscle layer of the abdominal wall to
secure the device 100 to the abdominal wall. It is under-
stood that dimensions of the needle may vary, however,
the dimensions may be limited in order to limit the size
of the penetration or incision created by the needle as it
is inserted into the tissue and correspondingly to allow
the penetration or incision to heal relatively quickly after
the operation. In one embodiment, the needle 110 has a
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rectangular cross section and is limited to dimensions of
about 1 mm by about 3 mm. The securing element 104
may alternatively be a magnet or a material attracted to
a magnet, which may be used to removably secure the
insertable device to the abdominal wall with correspond-
ing magnets placed outside the body to hold the device
against the abdominal wall, a clamp, an adhesive sub-
stance, a tab or hole that facilitates, e.g., suturing or sta-
pling the device 100 to the abdominal wall, etc. The type
and configuration of the securing element 104 may vary
depending further on the particular application for which
the device is adapted.

[0045] Where the functional element 106 is a camera
element, the type of camera system adapted for the in-
sertable device 100 may vary as well, however, to facil-
itate use of the device for minimal access procedures,
e.g., minimal access imaging, the camera system select-
ed for the device 100 must accommodate the compact
dimensions of the device 100 as dictated by the dimen-
sions of the opening though which access into the struc-
ture with a lumen is provided. Where the device 100 is
adapted for use in connection with minimally invasive
surgical procedures, for instance, the dimensions of the
device 100 will generally be dictated by the size of the
port or trocar that provides access to the site, e.g., a port
about 20 mm in diameter. A compact size with respect
to the camera portion of the device 100 may be achieved,
for example, with CMOS or CCD sensor chip based cam-
eras that consist of relatively compact elements that may
be located remote from each other. In one embodiment,
the camera is a chip based camera with remote camera
elements, such as aremote CCD image or CMOS image
sensor assemblies, which allow the image sensing por-
tion of the camera that is introduced into the surgical site
to be movable in relation to the rest of camera circuitry.
In another embodiment, the camera includes a 8 mm
round CCD color image sensor mounted essentially per-
pendicular to a 17 mm long driver board , and the driver
board is electrically connected to a camera control unit
("CCU") remote from the insertable device 100.

[0046] Various types and numbers of actuating ele-
ments 108 or actuators for moving the functional element
in relation to the housing may be used to achieve the
desired degree of freedom with regard to the movement
of the functional element 106, such as piezoelectric ac-
tuators, pneumatic actuators, solenoids, shape memory
alloy actuators, linear motors, motors producing rotation-
al movement, motors producing rotational movement
adapted to provide linear movement, etc. The type of
actuating element 108 and the number of actuating ele-
ments 108 will vary depending on the design constraints
of the insertable device 100, e.g., the dimensions as dic-
tated by the size of the access port or opening, the de-
grees of freedom the functional element or elements 106
are intended to move, the number of functional element,
etc. In one embodiment, at least one of the actuating
elements 108 comprises a brushless DC motor produc-
ing sufficient torque to produce the desired movement in
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the functional element 106. The DC motor may further
be connected to a lead screw which when rotated can
translate a shuttle or carriage 135 in both directions along
the axis of the lead screw to produce linear motion and
with a bevel screw or worm gear assembly to redirect the
rotational movement produced by the motor. In one em-
bodiment, the motor runs on 6 volts, is about 27mm long,
and has a diameter of about 5mm.

[0047] In at least one embodiment, the device 100 is
designed to provide various degrees of freedom with re-
gard to the movement of the one or more functional ele-
ments 106. The degrees of freedom will generally be de-
scribed herein in relation to the elongated axis 120 of the
device 100. The various degrees of freedom may also
be described in relation to the image plane, where, for
instance, panning may be viewed as a rotation, generally
about a vertical axis through the image plane, tilting about
a horizontal axis through the image plane, and rolling
would be about the optical axis. For instance, a first de-
gree of rotational freedom 130 essentially orthogonal to
the elongated axis 120 of the device 100 which allows
the element or elements 106 to be retracted into and
extracted from the housing 102 and also allows the ele-
ment or elements 106, e.g., the camera or cameras, to
pan along the first degree of freedom 130, as shown be-
tween FIG. 8 and FIG. 9. A second degree of rotational
freedom 140 essentially parallel or inline with the elon-
gated axis 120 allows the element or elements 106 to tilt
along the second degree of freedom 140. A third degree
of longitudinal freedom 150 essentially parallel or inline
with the elongated axis 120 allows the element or ele-
ments 106 to translate along the third degree of freedom
150. In the case of a multiple functional element device,
the multiple elements 106 may be independently or si-
multaneously rotated and/or moved in the first and third
degrees of freedom 130, 150, and in tandem in a second
degree of freedom 140. This particular feature is suited,
forinstance, where the multiple elements 106 are camera
elements for use in stereoscopic imaging. In other in-
stances, the multiple functional elements 106 may be
independent from each other and thus may be independ-
ently or stimulatingly rotated and/or moved in a first, sec-
ond, and third degrees of freedom, 130, 140, 150.
[0048] The various degrees of freedom provide access
to or views of the site of interest from multiple and different
orientations/viewpoints. Additionally, the various de-
grees of freedom of movement in addition to independent
control may, in a stereoscopic imaging system, provide
flexibility with regard to controlling the vergence angle of
the stereo pair of camera elements and establishing a
baseline for stereoimaging, and, in an autonomous track-
ing system, maintaining moving objects in the field of
view. In one embodiment, the insertable device 100 in-
cludes five actuating elements 108, e.g., motors, which
control the movement of two functional elements 106 that
may be moved in the first, second, and third degrees of
freedom 130, 140, 150. In one embodiment, the function-
al elements 106 are camera elements and the zoom and
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certain rotations may be accomplished in software with
imaging processing capability.

[0049] Since the insertable device 100 is intended to
provide functionality with respect to minimal or limited
access procedures, it may be desirable to limit at least
one of the overall dimensions of the device 100 to facil-
itate insertion into the structure with the lumen through
a relatively small access opening. For example, for min-
imally invasive surgical procedures, an elongated tubular
and/or cylindrical insertable device 100 may be config-
ured to allow for insertion through an access port having
a diameter of up to about 20 mm. Accordingly, in one
embodiment, the insertable device 100 is configured to
have a diameter of about 20 mm or less.

[0050] To achieve the various degrees of freedom the
actuating elements 108 must generally be configured so
that the actuating elements 108 fit within the dimensions
of the device 100. If motors producing rotational move-
ment, for instance, are used to provide the motive force
for the functional elements 106, at least with respect to
a device 100 having a diameter of about 20 mm or less,
the motor will likely need to be aligned lengthwise essen-
tially inline or parallel to the elongated axis 120 since
motors typically exceed the 20 mm or less dimensional
constraints of the device 100. Accordingly, motors may
beneficially be used-to-provide rotational movement
along the second degree of freedom 140, may be com-
bined with a lead screw and shuttle arrangement to pro-
vide longitudinal movement along the third degree of
freedom 150, and may be combined with a worm gear
or bevel screw arrangement to provide rotational move-
ment along the first degree of freedom 130.

[0051] In one embodiment the device 100 includes a
second elongated housing 112 that is rotatably connect-
ed tothefirstelongated housing 102, with or without bear-
ings, such that the first and second housings 102, 112
may be rotated in relation to each other in at least one
degree of freedom. In this instance, the device 100 may
be removably secured to the wall of the structure having
alumen, e.g., the abdominal wall, with the securing ele-
ment that is an aspect of the second housing 112. In this
instance, tilting along the second degree of freedom 140
may be achieved by rotating the first housing 102, which
includes the functional element or elements 106 therein,
in relation to the second housing 112. The first and sec-
ond housings 102, 112 may be rotated with respect to
each other with a motor that produces rotational move-
ment appropriately connected to each of the housings
102, 112.

[0052] It is understood that the second housing 112
may occupy various portions of the length of the device
100. For instance, the second housing 112 may be long
enough in relation to the elongated axis 120 to provide
a sufficient bearing surface to withstand bending forces
applied to the device 100 without occupying the full length
of the device 100. The greatest amount of rotational free-
dom in the direction of the second degree of freedom 140
may be achieved in this instance if the second housing
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112 does not interfere with the movement of the func-
tional elements 106 while the elements 106 are in an
extracted position. The second housing 112 may occupy
agreater portion of the length of the device 100 to provide
a protective cover for the functional elements 106. In this
instance, the second housing 112 will include an access
opening 114 capable of aligning with an access opening
118 of the first housing 102 so that second housing 112
will cover functional elements 106 retracted within the
first housing 102 for insertion into the structure and, once
inserted or removably secured to the structure, the first
housing 102 may be rotated, e.g., 180 degrees, to reveal
the functional elements 106 though the access openings
114. The access opening 118 of the first housing 102
may further allow the functional element or elements 106
to retract into and extract from the first housing 102. In
one embodiment, the access openings 114, 118 of the
first and second housings 102, 112 are sized to allow the
maximum amount of rotational movement along the sec-
ond degree of freedom 140, e.g., the access opening 114
of the second housing 112 is dimensionally equal to or
greater circumferentially than the access opening 118 of
the first housing 102, as shown in FIG. 3. In one embod-
iment, the first and second housing are capable of being
rotated at least 270 degrees with respect to each other
when the functional elements 106 are in a retracted po-
sition and/or at least 180 degrees with the functional el-
ements 106 extracted.

[0053] Inone embodiment, the longitudinal movement
in the direction of the third degree of freedom 150 is pro-
duced by mounting at least one functional element 106
onto a shuttle 135 that is capable of moving along the
elongated axis 120 within the lumen of the first housing
102. Each shuttle 135 further includes an actuating ele-
ment 108 associated therewith for producing the longi-
tudinal movement within the first housing 102. Referring
to FIGs. 4 and 5, in one embodiment, the shuttle 135 is
moved along the elongated axis 120 within the first hous-
ing 102 by a motor 190 connected to a lead screw 180
that interfaces with a threaded portion 122 of the shuttle
135. Accordingly, the shuttle 135 moves within the first
housing 102 as the lead screw 180 is screwed and un-
screwed in relation to the shuttle 135. A track or guide
may be provided within the first housing 102 and a cor-
responding key in the shuttle 135 to restrict undesirable
rotation of the shuttle 135. A second shuttle 135 with a
threaded portion 122 having threads in a reverse direc-
tion than that the first shuttle 135 may interface with the
lead screw 180 with corresponding reverse threads to
move the shuttles 135 within the first housing 102 in di-
rections to and from each other. In one embodiment, in-
dependentlongitudinal movementfor each of the shuttles
135 is achieved with a motor 190 and lead screw 180
combination for each of the shuttles 135. Rotational
movement for each shuttle 135 may be restricted with a
guide and key arrangement as noted above, or, alterna-
tively, with each other’s lead screw. In this instance, each
shuttle 135 includes a threaded portion 122 that interfac-
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es with one lead screw 180 connected to a respective
motor 190 associated with the shuttle and one hole 124
larger than the threads of the lead screw 180 connected
to the motor 190 associated with the other shuttle 135
which allows the shuttles to use each other’s lead screw
180 as a guide.

[0054] Rotational movement in the direction of the first
degree of freedom 130 is achieved with an actuation el-
ement 108 that engages the functional element 106 to
retract and extract the functional elements into and out
of the device 100. In one embodiment, the actuation el-
ement 108 is a motor 190 that interfaces with functional
element 106 with a worm gear assembly to redirect the
rotation produced by the motor 190 in a direction essen-
tially orthogonal or essentially perpendicular to the axis
of the motor 190 or the elongated axis 120, as shown in
FIG 6. In one embodiment, the functional elements 106
are mounted to the shuttles 135 so that maximum free-
dom in the direction of the third degree of freedom 150
is achieved, e.g., in a manner such that the functional
elements appear to face each other. In one embodiment,
the distance between the functional elements 106 or
shuttles is up to 10 mm.

[0055] Inone embodiment, atleast one of the function-
al elements 106 is a camera element and the shuttle 135
includes a camera element rotatably attached thereto
which includes an image sensor, such as a CCD or
CMOS image sensor, mounted in a lens housing that has
threads therein to accept a lens with matching threads
which accommodates focal adjustments. In one embod-
iment,a CCD sensorand lens are mounted on a pedestal,
which is rotatably connected to the shuttle 135 so that
the pedestal may tilt about an axis that is orthogonal to
the shuttle motor. The driver board mounted on the shut-
tle 135 may be connected to the CCD image sensor with
or without a flexible ribbon cable.

[0056] Itis understood that the various components of
the device 100 may be manufactured from a variety
and/or a combination of biocompatible and non-biocom-
patible materials, such as polyester, Gortex, poly-
tetrafluoroethyline (PTFE), polyethelene, polypropylene,
polyurethane, silicon, steel, stainless steel, titanium, Niti-
nol, or other shape memory alloys, copper, silver, gold,
platinum, Kevlar fiber, carbon fiber, etc. Where non-bio-
compatible materials may come into contact with ana-
tomic structure, the components made from the non-bio-
compatible materials may be covered or coated with a
biocompatible material. In one embodiment, the hous-
ings 102, 112 of the device 100 are manufactured from
stainless steel. The housings may be stainless steel
tubes of various diameters. In one embodiment, the sec-
ond housing 112 has a diameter of about 5 mm (0.197")
to about 25 mm (0.984"), and is about 127 mm (5") to
about 228 mm (9") long. In one embodiment the second
housing has a diameter or of 9/16" and is about 7.8" long.
In another embodiment, the device has a wall thickness
of 0.028". The device may further have spherical end
caps to ease insertion into the structure. An about 50 mm
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(2") to about 152 mm (6") long section of the second
housing 112 may be cut away to produce an access
opening 114 which allows the functional elements 106
to tilt when extracted. In on embodiment, the access
opening is about 2.6" long. In one embodiment, the first
housing 102 has a 0.028" thickness. In another embod-
iment, the first housing has a smaller diameter than the
second housing which is also between about 5 mm to 25
mm and a length of about 127 mm to about 228 mm. In
one embodiment, the first housing has a 1/2" diameter
and is 6" long. A portion of the first housing 102 is cut
away to produce an access opening 118 to allow the
cameras to be retracted therein and extracted therefrom.
The first housing 102 preferably includes sufficient space
to house cable to provide sufficient slack to accommo-
date the movement of the functional elements 106 as
described herein.

[0057] It is understood that the device 100 may be
adapted to provide additional functionality. For instance,
the functional element 106 may be an effector type in-
strument, such as a light for illuminating the site of inter-
est, a laser for cauterizing, coagulating, or ablation, a
scissors, ultrasonic dissector or other types of dissecting
instrument, a needle, a grasper, a scalpel, diathermy/
cautery instruments, a suturing instrument, a stapling in-
strument, or any other type of surgical instrument. The
instrument may be fixed in relation to the device or may
be moveabe in relation to the device in one of the various
degrees of freedom, as noted above. Moreover, the de-
vice may include multiple functional elements 106, such
as at least two of a light, laser, and a camera element,
or any one of the other functional elements noted above.
The light or fiber optic light guides may also be fixed to
any one of the housings or incorporated into the camera
element. In one embodiment, the multiple instruments
may be controlled consistently with each other. For ex-
ample, a light may be controlled in the various degrees
of freedom to illuminate the site consistent with the move-
ment of the camera element. In one embodiment, the
insertable device 100 includes a plurality of shuttles 135,
one shuttle 135 including a camera element and at least
one shuttle 135 whichincludes afunctional element, such
as a light, a laser, etc., thereon.

[0058] As noted above, the present invention may be
temporarily placed into a luminal structure for minimal
access procedures to obviate some or all of the draw-
backs of probe-like instruments, such as endoscopes,
graspers, dissectors, etc., that pivot at the access open-
ing of the luminal structure. Probe-like instruments are
generally slenderinstrumentsintended to be inserted into
the luminal structure for use in minimal access proce-
dures. The present invention may also be used in con-
nection or combined with such instruments to provide
additional functionality thereto. For example, a grasper
or an ultrasound dissector may be equipped with one or
more functional elements, such as a camera element,
moveably connected thereto, to similarly retract into and
out of from the probe. In this instance, the body or a tu-
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bular section of the probe-like instrument forms the first
housing from which the camera element may be retract-
ed, for insertion into the luminal structure and extracted
therefrom to provide an image of the site of interest. Any
probe-like instrument may similarly be equipped with one
or more functional elements, such as a circular stapler,
to perform e.g., anastomosis. One of or more of the func-
tional elements discussed above may be combined with
any type of slender instrument to provide instruments
with multiple functions thereby limiting the number of ac-
cess openings to access the site of interest.

[0059] Referring to FIGs. 7-12, in one embodiment,
the device 100 includes at least one electrical circuit that
electrically and/or communicatively couples the function-
al element 106, the shuttle 135, an actuating device 108,
190, or a combination thereof, with a driving device 220.
The electrical circuit generally includes at least one wire
202 disposed within the first housing 102 and at least
one contact 204 associated with the shuttle 135. The wire
202 generally receives and/or communicates power, en-
ergy, sensor, video, or drive signals, as discussed above,
from the cable 210 that interfaces with the driving device
220. The wire 202 may also receive or communicate with
a local communication unit located on the device 100
(not shown), which communicates wirelessly with a cor-
responding communication unit 214 associated with the
driving device 220, and with a local power supply also
located on the device 100, to generally provide wireless
control of the insertable device 100. The wire 202 is gen-
erally disposed along at least a portion of the length of
the first housing 102 essentially parallel or inline with the
elongated axis of the device 100 so that the contact 204
associated with the shuttle 135 remains in contact the
wire 202 as the shuttle 135 translates within the first hous-
ing 102. A wire 202 is generally any electrically conduc-
tive structure that may be so disposed, such as a wire
having a circular, square, or a rectangular cross section,
such as in the form of a conductive film, etc. The wire
202 may be adhered to the first housing 102 or integrated
therein.

[0060] The contact 204 generally connects an actuat-
ing device 108, 190 or a functional element 106 associ-
ated with the shuttle 135 with the wire 202, e.g., using
wire 208, while the shuttle 135 translates along within
the first housing 102, preferably for the full range of mo-
tion of the shuttle 135. Various types of contacts may be
used in this respect. The contact 204 may, for example,
include a bearing, such as a ball bearing, disposed in a
recess 206, which bearing contacts wire 202 and wire
208 thereby establishing continuity between the cable
210 and the actuating device 108, 190 or functional ele-
ment 104. The contact 204 may be biased toward the
wire 202 to maintain continuous contact with the wire 202
as the shuttle 135 translates within the first housing 102.
Bias may be maintained with a spring that forces the bear-
ing toward the wire 202. The spring is preferably electri-
cally conductive to maintain the desired continuity in the
circuit.
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[0061] Referring to FIGs. 11 and 12, the device 100
may include a plurality of electrical circuits. For instance,
an electrical circuit may be used to conduct a drive signal
to the actuating device 108, 190. An electrical circuit may
also be used, depending on the type of functional ele-
ment, to conduct energy or communicate image or other
data to or from the functional element 106. For example,
an electrical circuit or channel may communicate image
data from a camera element or an ultrasound probe. Sim-
ilarly, the electrical circuit may conduct energy for an ul-
trasonic dissector or any other type of effector and re-
ceive data therefrom. In instances where functional ele-
ments may interfere with each other, such as a camera
element and an ultrasound probe, the functional ele-
ments preferably operate at different frequencies or in-
clude some other means for limiting interference. The
device 100 may also include a sensor, such as an oxygen
sensor or oximeters, a stress/strain sensor, a tempera-
ture sensor, a pressure sensor, haptic feedback devices,
etc., disposed on the functional element 106 or else-
where on the device 100, to obtain relevant data from
the site of interest. In this instance, the device 100 may
include a circuit or channel to communicate sensor data
from the sensor to the driving device 220. Haptic feed-
back devices generally provide the user with feedback
regarding feel, usually by generating resistive forces in
input device. When the driving device includes imaging,
sensor, and effector elements or subsystems, the device
integrates control of all of these systems.

[0062] The electrical circuits may be disposed longitu-
dinally at various locations in the first housing 102 as
dictated by the size ofthe device 100. Thatis, for relatively
large devices 100, all of the electrical circuits may be
disposed in a localized area or areas of the first housing
100 without limitation. In contrast, for smaller devices 100
the electrical circuits may be spaced sufficiently apart
around the perimeter of the first housing 102 to accom-
modate as many circuits as desired. The contacts 204
may also be longitudinally spaced on the shuttle 135 as
shown in FIG. 11 and FIG. 12 to allow the wires 202 to
be spaced closer together to accommodate more wires
202, and thus more circuits or channels, than may oth-
erwise be available with all of the contacts 204 on the
same plane.

[0063] The actuating elements 108, 190 or the func-
tional elements 106 may also share electrical circuits or
portions thereof. For example, the actuating elements
disposed on the shuttles 135 as well as those producing
translational movement may share a common ground.
In this instance, one of the wires 202 will serve as a
ground bus for a plurality of actuating elements 108, 190.
A plurality of wires 202 may also serve as a communica-
tion bus for the functional elements 106. For example, a
plurality of camera elements, oxygen sensors, stress/
strain sensors, pressure sensors, temperature sensors,
etc., or a combination thereof, may communicate data
with a common set of wires 202. The data communicated
from these data acquisition devices may also include a
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data string, such as a header, or some other means that
associates the data with the particular type of capturing
device. For example, image data may be preceded with
a data string that identifies the data that follows as image
data. Where a plurality of camera elements communicate
over the data bus, the data string or header may also
associate the image data that follows with a particular
camera element.

[0064] Referring to FIG. 7, a minimal access system,
according to one embodiment, includes at least one in-
sertable device 100 or a plurality of insertable devices
100 communicatively coupled to a driving device 220.
The driving device 220 is generally a device, which pro-
vides the driving signal or signals to produce the desired
functionality with the insertable device 100, such as
movement in the relevant degrees of freedom of motion,
imaging, provide power or energy for cauterizing, coag-
ulation, ablation, for actuating graspers, scissors, etc.
The driving device 220 as well as the other components
discussed herein may be implemented in hardware, soft-
ware, or a combination thereof. Although the driving de-
vice 220 may be discussed by way of example in relation
to certain modules or components, it is understood that
the functionality of the driving device 220 may be accom-
plished with a variety of hardware and software compo-
nents and is thus not limited thereto.

[0065] In one embodiment, the driving device 220 in-
cludes at least one controller 200 to drive at least one
motor associated with the device 100 and to reproduce
the images of the site of interest. The controller 200 may
consist of a plurality of controllers, such as a motor con-
troller for each of the actuating devices incorporated into
the device 100, a camera controller for each of the cam-
era elements, and specific controllers for each of the oth-
er types of functional elements. The motor controllers
generally provide the drive signal to control the operation
ofthe actuating elements and the camera controllers pro-
vide the signal to control the functions of the camera
based on signals from, e.g., an input device, a voice rec-
ognition module 224, an image tracking module 226, etc.
The driving device 220 may also include a power supply
that provides the power for the actuating elements elec-
trically connected to the driving device 220 and the func-
tional elements communicatively connected to the driv-
ing device 220, as well as the components of the driving
device 220. The controller or controllers may operate the
elements of the device 100 based at least initially on a
signal from an input device, such as a joystick and/or
from a component that provides a signal for automatically
controlling the elements of the device 100. In one em-
bodiment, the system includes a plurality of insertable
devices 100 with each of the devices 100 providing a
different functionality, such as one of imaging, light, co-
agulation, and ablation.

[0066] The driving device 220 may also include an im-
age processor/display adaptor 222, which receives im-
age data or other types of acquired data from at least
one insertable device 100 and converts image data re-
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ceived from the camera elements or sensors into a signal
suitable for displaying the image on a monitor, such as
a CRT display, an LCD display, stereoscopic goggles,
etc. The image processor generally receives image data
from the camera elements and produces a video image
of the site of interest for continuous video display. With
other types of data acquisition elements, the system may
convert the signal received from these elements into a
numerical or graphical representation of the signal for
display. For instance, the system may convert a signal
from a pressure sensor into a numerical value. The image
processor may also process the image data for other
purposes, such as to extract data from the image data.
The extracted data, may represent an object or a portion
of the object in the field of view, which may be used to
track the object as discussed below.

[0067] Inone embodiment, the system provides hybrid
control, which allows the user to control movement with
regard to some of the degrees of freedom of the device
100 while the system autonomously controls movement
with regard to the remaining degrees of freedom. For
example, the system may be adapted to autonomously
control camera movementin the firstand second degrees
of freedom 130, 140 in order to keep a user-identified
object in view, while the user controls camera movement
along the third degree of freedom to provide images from
different orientations/perspectives. In one embodiment,
the autonomous system maintains the user identified ob-
ject, such as an organ, in view while the user orients at
least one camera element. This may be accomplished
with a constraint-based sensor planning system that can
associate viewpoints of modeled objects. The planning
system generally incorporates constraints on viewpoint
visibility, depth-of-field, and image resolution to plan cor-
rectviewing parameters and positions. This aspectis par-
ticularly beneficial when multiple camera insertable de-
vices are in use to provide surgeons with a choice of
potential viewpoints and to provide stereoscopic imag-
ing.

[0068] The system may alsoindependently track user-
identified objects to maintain such objects in view when
the objects move in the site of interest or more particularly
in the image field. For example, the system may track
the movement of organs or instruments in a subject’s
abdominal cavity and control the camera element to
maintain the organ or instrumentin view during a minimal
access procedure or a portion thereof. This may be ac-
complished with a tracking module 226, which receives
a first set of image data of the site of interest and instruc-
tion regarding an object or objects to be tracked, which
object or objects are represented in the first set of image
data. A set of image data generally includes data suffi-
cient to identify an object in the field of view. The set of
image data may include sufficient data to produce an
image or frame of a video or a subset of such data. The
user defined targeting instructions may be received with
a pointing device that allows the user to select an object
or point on a graphic display of the site of interest. The
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pointing device may be a mouse, a joystick, a stylus, a
touch screen display, etc. The tracking module 226 re-
ceives a subsequent set of image data and tracks move-
ment therein of the user-identified object based on dif-
ferences between the first set of image data and the sub-
sequent set of data. Accordingly, movement may be
tracked in real-time based on a comparison of contiguous
and/or sequential image data sets or frames obtained at
different times. The image data sets may be stored in a
data store 230 associated with the tracking module for
tracking or for reproduction at a later time.

[0069] The tracking module 226 may operate on many
different imaging cues, such as gray-level regions, geo-
metric features, motion, fiducial markers, etc. In one em-
bodiment, image processing is used to identify a target
based on its RGB color components. In this respect, any
movement of the target may be tracked by following the
target’s RGB color components. The tracking algorithms
discussed herein have been applied to track protein crys-
tals and a grasping loop in real time as shown in FIGs.
13-14. FIG. 13 shows the beginning sequence and FIG.
14 shows the tracking convergence as the grasping loop
is placed under the crystal to pick it up.

[0070] As noted above, the tracking module may track
one or more features, instruments, or organs and provide
information to the controller 200 in order to maintain the
targeted object in view. This may be accomplished in a
variety of ways. In one embodiment, once the targeted
object is identified, the camera element may be moved
in a first, second, or third degree of freedom, or a com-
bination thereof, to pan and tilt the camera as needed to
keep the target centered in the image or at any other
point in the image. Computer control algorithms may be
used to pan and tilt the camera elements. For example,
a vertical or horizontal error measured in image pixels
from the image center may be used to control tilt and
pan, respectively, where the velocity is proportional to
the rate of the vertical/horizontal pixel errors. The control
signals may generally be updated periodically, such as
30 times per second for real-time control. The tracking
module 226 may also provide a signal to the controller
200 to automatically and independently verge a plurality
of camera elements on tracked objects to allow stereo-
scopic imaging of the object in 3D. A plurality of objects
may also be tracked independently and a plurality of cam-
era element may each be controlled separately to provide
arange of viewpoints to a surgeon while maintaining each
of the tracked objects in the field of view. This is partic-
ularly useful with minimal access procedures thatinvolve
multiple organs/instruments.

[0071] Although the present invention has been de-
scribed in particular detail with regard to imaging plat-
forms, which include one or more camera elements, the
presentinvention may generally serve as a basis for other
data acquisition platforms or effector platforms. To facil-
itate remote, open or closed loop, or hybrid control with
regard to effector platforms, the functional elements may
include sensors, such as stress/strain, ultrasound, hap-
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tic, RF, etc., that provide feedback for use in tracking and
actuating the effector type of functional elements. Addi-
tional data input with the addition of various sensors on
the effectors may further guide decision making by the
surgeon with input from the computer. For example, sen-
sors that may be used include ultrasound probes, oxime-
ters, or haptic feedback devices to measure the pressure
required to affect a task (conceptually, the equivalent of
tactile sensation).

[0072] The system may further be adapted to perform
open loop position control of the one or two functional
elements in the relevant degrees of freedom, interface
the open loop control to the surgeon through either voice
activation or an input device, such as a joystick, an al-
phanumeric keypad, etc., produce a video image of the
site, track moving structures within the body, and/or cre-
ate stereo images in real-time based on automatic ver-
gence algorithms. Stereo images may be displayed on
head-mounted stereoscopic goggles for immersive 3D
stereo imaging.

[0073] The driving device 220 generally provides con-
trol remote from the insertable device 100, e.g., the driv-
ing device 220 is located exterior to the body whereas
the insertable device 100 may be implanted to provide
the relevant functionality with respect to minimal access
procedures. The driving device 220 may interface with
the device 100 with cables, such as a cable 2 m long and
1-12 mm in diameter. The cable generally includes a plu-
rality of wires that carry power, energy, video, and/or the
drive signal to control the elements of the device 100.
Alternatively, the video and/or the drive signal may be
wirelessly transmitted to the device to reduce the number
of wires necessary to operate the device 100. In this in-
stance, the driving device 220 includes a communication
module 214 that allows devices 100 with corresponding
communication modules to communicate with each oth-
er. Power may also be provided with a battery within the
driving device 100 to eliminate cabling altogether. For
extended use the battery may be charged or maintained
with wireless energy transducers.

[0074] While the foregoing invention has been de-
scribed in some detail for purposes of clarity and under-
standing, it will be appreciated by one skilled in the art,
from a reading of the disclosure, that various changes in
form and detail can be made without departing from the
true scope of the invention in the appended claims.

Claims

1. A device (100) insertable into a structure having a
lumen, comprising:

a first housing (102);

at least one functional element (106) movably
connected to the first housing (102), allowing
the functional element (106) to move in a third
degree of translational freedom essentially in
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line with an elongated (120) of the device;

at least one actuating element (108, 190) con-
nected to the first housing (102) and the func-
tional element (106) for moving the functional
element (106) in relation to the first housing
(102) in a first degree of rotational freedom es-
sentially orthogonal to the elongated axis (120)
of the device for retracting and extracting the
functional element (106) from the first housing
(102), and for moving the functional element
(106) along the third degree of freedom.

a shuttle (135) capable of moving in relation to
the first housing (102) along the elongated axis
(120) of the device, wherein the functional ele-
ment (106) is movably connected to the shuttle
(135) for moving the shuttle along the elongated
axis (120);

a driving device (220) and at least one electrical
circuit disposed within the first housing (102) for
coupling at least one of the functional element
(106), the shuttle (135), and the at least one ac-
tuating element (108, 190) to the driving device
(220); and characterised in that

the electrical circuit comprises at least one wire
(202) disposed within at least a portion of a
length of the first housing (102), and at least one
contact (204) associated with the shuttle (135),
wherein the contact is adapted to remain in con-
tact with the wire as the shuttle moves within the
first housing.

The insertable device of claim 1, wherein the func-
tional element (106) comprises a data acquisition
device.

The insertable device of claim 2, wherein the data
acquisition device is selected from the group com-
prising a camera element, a sensor, an ultrasound
probe, and a haptic feedback device; or

wherein the sensor is selected from the group com-
prising an oxygen sensor, a stress or strain sensor,
a temperature sensor, and a pressure sensor.

The insertable device of claim 1, wherein the func-
tional element (106) comprises an effector, and
wherein the effector is possibly (optionally) selected
from the group comprising a light, a laser, a dissect-
ing instrument, a needle, a grasper, a scalpel, a dia-
thermy instrument, a cautery instrument, a suturing
instrument, and a stapling instrument.

The insertable device of claim 1, wherein the func-
tional element (106) comprises:

(i) a camera element comprising one ofa CMOS
imaging sensor and a CCD image sensor; or

(i) a camera element that comprises a lens
housing having a lens therein, and an imaging
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sensor mounted in the lens housing for making
focal adjustments.

The insertable device of claim 1, wherein the func-
tional element (106) is movably connected to the first
housing (102), allowing the functional element (106)
to be moved in at least one of a second degree of
rotational freedom essentially inline with an elongat-
ed axis (120) of the device and a third degree of
translation freedom essentially inline with the elon-
gated axis (120), and wherein the at least one actu-
ating element (108, 190) is for moving the functional
element (106) in relation to the first housing (102) in
at least one of the second degree and the third de-
gree of freedom, and optionally wherein the at least
one actuating element (108) comprises a plurality of
actuating elements, wherein each of the plurality of
actuating elements is for moving the functional ele-
ment (106) in relation to the first housing (102) in one
of the degrees of freedom.

The insertable device of claim 1, wherein the device
is a probe-like instrument for minimal access proce-
dures and the first housing (102) has a tubular body,
and optionally wherein the probe-like instrument in-
cludes at least one selected from the group compris-
ing an endoscope, a grasper, and a dissector.

The insertable device of claim 1, comprising a sec-
ond housing (112) rotatably attached to the first
housing (102) and wherein the at least one actuating
element (108) is further connected to the second
housing (112), the actuating element (108) capable
of moving the functional element (106) in relation to
the first housing (102) in a second degree of rota-
tional freedom essentially inline with an elongated
axis (120) of the device by rotating the first housing
(102) in relation to the second housing (112).

The insertable device of claim 1, wherein the contact
(204) comprises a ball bearing disposed in a recess
in the shuttle (135).

The insertable device of claim 1, wherein the contact
(204) is biased toward the wire (202) to maintain con-
tinuous contact with the wire (202) as the shuttle
(135) moves within the first housing (102).

The insertable device of claim 1, comprising at least
one electrical circuit (5) for conducting energy and
at least one electrical circuit for communicating data;
or

wherein at least one of the functional element (106),
the shuttle (135), and the actuating element (108,
190) share at least a portion of the electrical circuit.
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Patentanspriiche

Eine Vorrichtung (100), die in eine Struktur, welche
Uber ein Lumen verfigt, einsetzbar ist, bestehend
aus:

einem ersten Gehause (102);

mindestens einem Funktionselement (106), das
mit dem ersten Gehause (102) beweglich ver-
bunden ist, was es dem Funktionselement (106)
ermdglicht, sich in einem dritten Translations-
freiheitsgrad im Wesentlichen in Ubereinstim-
mung mit einer l&nglichen Achse (120) der Vor-
richtung zu bewegen;

mindestens einem Betatigungselement (108,
190), das mit dem ersten Gehause (102) und
dem Funktionselement (106) verbunden ist, um
das Funktionselement (106) im Verhaltnis zum
ersten Gehause (102) in einem ersten Rotati-
onsfreiheitsgrad im Wesentlichen orthogonal
zur langlichen Achse (120) der Vorrichtung zu
bewegen, sodass das Funktionselement (106)
aus dem ersten Gehause (102) eingefahren und
herausgezogen wird und das Funktionselement
(106) entlang dem dritten Freiheitsgrad bewegt
wird;

einem Schiffchen (135), das in der Lage ist, sich
im Verhaltnis zum ersten Gehaduse (102) ent-
lang der langlichen Achse (120) des Gehauses
zu bewegen, wobei das Funktionselement (106)
beweglich mit dem Schiffchen (135) verbunden
ist, um das Schiffchen entlang der langlichen
Achse (120) zu bewegen;

einer Antriebsvorrichtung (220) und mindestens
einem Schaltkreis, der innerhalb des ersten Ge-
hauses (102) angeordnet ist, um zumindest ei-
nes von dem Funktionselement (106), dem
Schiffchen (135), und dem mindestens einen
Betatigungselement (108, 190) an die Antriebs-
vorrichtung (220) zu koppeln; und dadurch ge-
kennzeichnet, dass

der Schaltkreis mindestens einen Draht (202)
umfasst, der in zumindest einem Teil einer Lan-
ge des ersten Gehauses (102) angeordnet ist,
sowie mindestens einen Kontakt (204), der mit
Schiffchen (135) verbunden ist, worin der Kon-
takt adaptiert wurde, um in Verbindung mit dem
Draht zu stehen, wenn sich das Schiffchen in-
nerhalb des ersten Gehauses bewegt.

Die einsetzbare Vorrichtung aus Anspruch 1, worin
das Funktionselement (106) eine Datenerfassungs-
vorrichtung beinhaltet.

Die einsetzbare Vorrichtung aus Anspruch 2, worin
die Datenerfassungsvorrichtung aus der Gruppe be-
stehend aus einem Kameraelement, einem Sensor,
einer Ultraschallsonde und einer haptischen Feed-
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backvorrichtung ausgewahlt wird; oder

worin der Sensor aus der Gruppe bestehend aus
einem Sauerstoffsensor, einem Spannungs- oder
Belastungssensor, einem Temperatursensor und ei-
nem Drucksensor ausgewahlt wird.

Die einsetzbare Vorrichtung aus Anspruch 1, worin
das Funktionselement (106) einen Effektor umfasst
und worin der Effektor moglicherweise (wahlweise)
aus der Gruppe bestehend aus einer Lichtquelle, ei-
nem Laser, einem Sezierbesteck, einer Nadel, einer
Greifzange, einem Skalpell, einem Diathermiegerét,
einem Kauterisierungsgerat, einem Nahtinstrument
und einem Klammerinstrument ausgewahlt wird.

Die einsetzbare Vorrichtung aus Anspruch 1, worin
das Funktionselement (106) Folgendes umfasst:

(i) ein Kameraelement, bestehend aus einem
CMOS-Bildsensor und einem CCD-Bildsensor;
oder

(i) einem Kameraelement, bestehend aus ei-
nem Linsengehause, die eine Linse enthalt, und
einem Bildsensor, der zur Fokuseinstellung im
Linsengehause angebracht ist.

Die einsetzbare Vorrichtung aus Anspruch 1, worin
das Funktionselement (106) beweglich mit dem er-
sten Gehduse (102) verbunden ist, wodurch das
Funktionselement (106) in zumindest einem von ei-
nem zweiten Rotationsfreiheitsgrad im Wesentli-
chenin Ubereinstimmung mit einer langlichen Achse
(120) der Vorrichtung sowie einem dritten Translati-
onsfreiheitsgrad im Wesentlichen in Ubereinstim-
mung mit der der langlichen Achse (120) bewegt
werden kann, und worin das mindestens eine Beta-
tigungselement (108, 190) dazu dient, das Funkti-
onselement (106) im Verhaltnis zum ersten Gehdu-
se (102) in mindestens einem des zweiten und des
dritten Freiheitsgrads zu bewegen, und worin wahl-
weise das mindestens eine Betatigungselement
(108) eine Vielfalt von Betatigungselementen um-
fasst, wobei jedes der Vielzahl von Betatigungsele-
menten dazu dient, das Funktionselement (106) im
Verhaltnis zum ersten Gehause (102) in einem der
Freiheitsgrade zu bewegen.

Die einsetzbare Vorrichtung aus Anspruch 1, worin
die Vorrichtung ein sondenartiges Instrument fir mi-
nimalinvasive Verfahren ist und das erste Gehause
(102) einen réhrenférmigen Hauptteil aufweist, und
worin das sondenartige Instrument wahlweise min-
destens eines ausgewahlt aus der Gruppe beste-
hend aus einem Endoskop, einer Greifzange und
einem Dissektor beinhaltet.

Die einsetzbare Vorrichtung aus Anspruch 1, beste-
hend aus einem zweiten Gehause (112), das dreh-
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bar am ersten Gehause (102) befestigt ist, und worin
mindestens ein Betatigungselement (108) Uiberdies
mit dem zweiten Gehause (112) verbunden ist, wo-
bei das Betatigungselement (108) in der Lage ist,
das Funktionselement (106) im Verhaltnis zum er-
sten Gehause (102) in einem zweiten Rotationsfrei-
heitsgrad im Wesentlichen in Ubereinstimmung mit
einer langlichen Achse (120) der Vorrichtung zu dre-
hen, indem das erste Gehause (102) im Verhaltnis
zum zweiten Gehause (112) gedreht wird.

Die einsetzbare Vorrichtung aus Anspruch 1, worin
der Kontakt (204) ein Kugellager beinhaltet, das in
einer Vertiefung im Schiffchen (135) angeordnet ist.

Die einsetzbare Vorrichtung aus Anspruch 1, worin
der Kontakt (204) zum Draht (202) hin vorgespannt
ist, um in einer kontinuierlichen Verbindung mit dem
Draht (202) zu stehen, wenn das Schiffchen (135)
sich innerhalb des ersten Gehauses (102) bewegt.

Die einsetzbare Vorrichtung aus Anspruch 1, beste-
hend aus mindestens einem Schaltkreis (5) zum Lei-
ten von Energie und mindestens einen Schaltkreis
zur Ubertragung von Daten; oder

worin mindestens eines von dem Funktionselement
(106), dem Schiffchen (135) und dem Betatigungs-
element (108, 190) zumindest einen Teil des Schalt-
kreises teilt.

Revendications

1.

Un dispositif (100) insérable dans une structure pos-
sédant un lumen, comprenant:

un premier boitier (102),

au moins un élément fonctionnel (106) raccordé
de maniére mobile au premier boitier (102), per-
mettant a I'élément fonctionnel (106) de se dé-
placer dans un troisieme degré de liberté de
translation essentiellement aligné avec un axe
allongé (120) du dispositif,

au moins un élément d’actionnement (108, 190)
raccordé au premier boitier (102) et a I'élément
fonctionnel (106) de fagon a déplacer I'élément
fonctionnel (106) en relation avec le premier boi-
tier (102) dans un premier degré de liberté de
rotation essentiellement orthogonal a 'axe al-
longé (120) du dispositif de fagon a rétracter et
extraire I'élément fonctionnel (106) du premier
boitier (102), et de fagon a déplacer I'élément
fonctionnel (106) le long du troisieme degré de
liberté,

une navette (135) capable de se déplacer en
relation avec le premier boitier (102) le long de
l'axe allongé (120) du dispositif, ou I'élément
fonctionnel (106) est raccordé de maniére mo-
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bile a la navette (135) de fagon a déplacer la
navette le long de I'axe allongé (120),

un dispositif d’entrainement (220) et au moins
un circuit électrique disposé a l'intérieur du pre-
mier boitier (102) de fagon a coupler au moins
un élément parmi I'élément fonctionnel (106), la
navette (135), et le au moins un élément d’ac-
tionnement (108, 190) au dispositif d’entraine-
ment (220), et caractérisé en ce que

le circuit électrique comprend au moins un fil
(202) disposé a l'intérieur d’au moins une partie
d’une longueur du premier boitier (102) et au
moins un contact (204) associé a la navette
(135), ou le contact est adapté de fagon a rester
en contact avec le fil lorsque la navette se dé-
place a l'intérieur du premier boitier.

Le dispositif insérable selon la Revendication 1, ou
I'élément fonctionnel (106) comprend un dispositif
d’acquisition de données.

Le dispositif insérable selon la Revendication 2, ou
le dispositif d’acquisition de données est sélectionné
dans le groupe comprenant un élément a caméra,
un capteur, une sonde a ultrasons et un dispositif a
rétroaction haptique, ou

ou le capteur est sélectionné dans le groupe com-
prenant un capteur d’oxygene, un capteur de stress
ou de contrainte, un capteur de température et un
capteur de pression.

Le dispositif insérable selon la Revendication 1, ou
I’élément fonctionnel (106) comprend un effecteur,
et ou I'effecteur est possiblement (éventuellement)
sélectionné dans le groupe comprenant une lumiére,
un laser, un instrument de dissection, une aiguille,
un dispositif de préhension, un scalpel, un instru-
ment de diathermie, un instrument de cautérisation,
uninstrument de suture et uninstrument d’agrafage.

Le dispositif insérable selon la Revendication 1, ou
I’élément fonctionnel (106) comprend :

(i) un élément a caméra comprenant un capteur
parmi un capteur d'imagerie CMOS et un cap-
teur d'images CCD, ou

(i) un élément a caméra qui comprend un boitier
de lentille possédant une lentille dans celui-ci,
et un capteur d’'imagerie monté dans le boitier
de lentille destiné a effectuer des réglages de
focale.

Le dispositif insérable selon la Revendication 1, ou
I’élément fonctionnel (106) est raccordé de maniére
mobile au premier boitier (102), permettant a I'élé-
ment fonctionnel (106) d’étre déplacé dans au moins
un degré de liberté parmi un deuxiéme degré de li-
berté de rotation essentiellement aligné avec un axe
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allongé (120) du dispositif et un troisieme degré de
liberté de translation essentiellement aligné avec
'axe allongé (120), et ou le au moins un élément
d’actionnement (108, 190) est destiné a déplacer
I'élément fonctionnel (106) en relation avec le pre-
mier boitier (102) dans au moins un degré de liberté
parmi le deuxiéme degré et le troisieme degré de
liberté, et éventuellement, ol le au moins un élément
d’actionnement (108) comprend une pluralité d’élé-
ments d’actionnement, ou chaque élément de la plu-
ralité d’éléments d’actionnement est destiné a dé-
placer I'élément fonctionnel (106) en relation avec
le premier boitier (102) dans I'un des degrés de li-
berté.

Le dispositif insérable selon la Revendication 1, ou
le dispositif un instrument de type sonde destiné a
des procédures d’accées minimal et le premier boitier
(102) posséde un corps tubulaire, et éventuellement,
ou linstrument de type sonde comprend au moins
un appareil sélectionné dans le groupe comprenant
un endoscope, un dispositif de préhension et un dis-
secteur.

Le dispositif insérable selon la Revendication 1,
comprenant un deuxieme boitier (112) fixé de ma-
niére pivotante au premier boitier (102) et ou le au
moins un élémentd’actionnement (108) estraccordé
en outre au deuxiéme boitier (112), I'élément d’ac-
tionnement (108) étant capable de déplacer I'élé-
ment fonctionnel (106) en relation avec le premier
boitier (102) dans un deuxiéme degré de liberté de
rotation essentiellement aligné avec un axe allongé
(120) du dispositif en faisant pivoter le premier boitier
(102) en relation avec le deuxiéme boitier (112).

Le dispositif insérable selon la Revendication 1, ou
le contact (204) comprend un roulement a billes dis-
posé dans un renfoncement dans la navette (135).

Le dispositif insérable selon la Revendication 1, ou
le contact (204) est sollicité vers le fil (202) de fagon
a maintenir un contact continu avec le fil (202) lors-
que la navette (135) se déplace a I'intérieur du pre-
mier boitier (102).

Le dispositif insérable selon la Revendication 1,
comprenantau moins un circuit électrique (5) destiné
a conduire de I'’énergie et au moins un circuit élec-
trique destiné a communiquer des données, ou

ou au moins un élément parmi I'’élément fonctionnel
(106), la navette (135) et I'élément d’actionnement
(108, 190) partage au moins une partie du circuit
électrique.
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