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(57) ABSTRACT

The present invention provides a system and single or
multi-functional element device that can be inserted and
temporarily placed or implanted into a structure having a
lumen or hollow space, such as a subject’s abdominal cavity
to provide therewith access to the site of interest in connec-
tion with minimally 1invasive surgical procedures. The
insertable device may be configured such that the functional
clements have various degrees of freedom of movement
with respect to orienting the functional elements or elements
to provide access to the site from multiple and different
orientations/perspectives as the procedure dictates, e.g., to
provide multiple selectable views of the site, and may
provide a stereoscopic view ol the site of interest.
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INSERTABLE DEVICE AND SYSTEM FOR
MINIMAL ACCESS PROCEDURE

[0001] The present application 1s a continuation-in-part of
U.S. patent application Ser. No. 10/620,298 filed Jul. 15,

2003.

BACKGROUND OF THE INVENTION

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

[0003] Minimally invasive surgical procedures, e.g.,
laparascopic procedures, have dramatically reduced patient
recovery times. However, the reduced recovery times have
correspondingly resulted 1n an increase, from a surgeon’s
perspective, 1n the complexity of the surgical procedures.
This 1s 1 part due to the characteristic relatively small
incisions, €.g., approximately 10 mm 1n diameter, through
which a surgeon accesses a surgical site to perform the
mimmally mvasive surgery. The limited access adds to the
complexity of the surgical procedures since surgeons must
remotely manipulate suthciently small istruments though
the mcisions and must also view the surgical site through the
small 1ncisions.

[0004] Imaging systems that provide a view of the surgical
site for a mimimal access surgical procedure typically
include an endoscope, €.g., a tubular instrument containing
optical lenses and light guides that feed images to an
external video camera and a monitor, such as the endoscope
discussed in U.S. Pat. No. 4,651,201. Endoscopes, however,
have drawbacks. For instance, since the surgeon 1s generally
using both hands to manipulate other instruments used in the
procedure, e.g., forceps, scissors, coagulators/cauterizer
probes, etc., an assistant 1s required to hold and orient the
endoscope to adjust the view during the procedure. Robotics
have recently been introduced to automate the task of
orienting the endoscope during minimally 1nvasive surgical
procedures, such as the Automated Endoscopic System for
Optimal Positioning (“AESOP”). The AESOP uses a robot
arm that 1s directed by spoken commands to orient the
endoscope. While the AESOP takes the burden off the
assistant and provides a much more stable view of the field,
the equipment necessary for the AESOP 1s complex and
occupies a large part of the operating room floor.

[0005] A smaller and simpler robotic endoscope manipu-
lator that can be placed directly over the msertion point was
developed at the Institut National de Recherche en Infor-
matique et en Automatiqueinria (“INRIA”). However, the
INRIA system as well as other robotic systems 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 instru-
ments may be oriented toward the surgical 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 endo-
scope discussed 1n Japanese Patent 2000173865, which 1s
hereby incorporated herein by reference, which provide
additional freedom with respect to orienting the endoscope
camera. However, these systems require a dedicated incision
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for the endoscope to access the surgical site and typically
require relatively high voltage to operate the actuators
necessary to manipulate the hyper endoscope which from a
safety perspective may be problematic when used 1n surgical
procedures. Pill cameras have also been adapted for imaging
sections of the small intestine that are out of the reach of a
colonoscope, such as the pill camera described 1n U.S. Pat.
No. 5,604,531 and U.S. Pat. No. 6,428,469. However, pill
cameras do not generally include means for orienting the
camera; rather, pill cameras merely rely on peristalsis to
orient the camera.

[0007] There is therefore a need for systems and devices
for mimimal access procedures that do not require an assis-
tant to hold and orient an instrument and that provide
additional or greater freedom than 1s provided with an
endoscope or other mstrument with regard to orienting the
instrument toward the site of interest. There 1s also a need for
systems and devices for mimimal access procedures that
provide additional or greater freedom with regard to orient-
ing the instrument toward a site of 1nterest than 1s provided

with an active or hyper endoscope that do not require a
dedicated access incision into the site for the mstrument.

SUMMARY OF THE INVENTION

[0008] The present invention generally provides a single
or multi-functional element insertable device that can be
inserted and temporarily placed or implanted into a structure
having a lumen or hollow space. Once inserted into the
lumen of the structure, the device 1s removably attached or
secured to the interior of the structure, such as to the interior
ol 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 invention obviates the
limited motion about an 1nsertion 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. Moreover, the insertable aspect allows a
surgeon to insert a plurality of devices into the structure’s
lumen through a single 1ncision thereby increasing access to
the site with minimal 1incisions. Although the present inven-
tion may be described by way of example in relation to
minimal 1nvasive surgical procedures, it 1s understood that
the invention 1s equally applicable to provide images, as well
as various other functionality, of numerous structures with a
lumen, and 1s therefore not limited thereto. Imaging 1s used
herein to generally denote pertaining to producing an image
of a site, such as producing a video 1image of a surgical site.

[0009] The present invention further provides an insert-
able device that has one or more functional elements con-
figured to have or exhibit various degrees of freedom of
movement with respect to orienting the functional elements.
Where the functional element or element 1s a camera ele-
ment, the device provides a wider field of view of the
surgical site than that provided by standard endoscopic
cameras. Additionally, the insertable device so configured
provides access to a site of interest from multiple and
different orientations or perspectives within the lumen, as
the procedure dictates, further obviating limited mobility
about the point of msertion drawback associated with endo-
scopes. In a multi-camera element embodiment of the mnven-
tion, the imaging device provides multiple selectable views
of the site and may be used 1n connection with a stereoscopic
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imaging system to provide a stereo view of the surgical site
to recreate the sense of depth that 1s lost with a traditional
video monitor.

[0010] Accordingly, in one aspect of the present invention,
a device 1insertable mto a structure having a lumen 1is
provided that includes a first housing, at least one functional
clement connected to the first housing, the functional ele-
ment for use during a minimal access procedure, 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 i1s
movably connected to the first housing, and the device
includes at least one actuating element connected to the first
housing and the functional element. The actuating element 1s
generally capable of moving the functional element 1n
relation to the first housing in at least one degree of freedom.
The securing element may be a needle protruding from the
imaging device essentially inline with the elongated axis of
the device, a magnet, a clamp, an adhesive, etc. In one
embodiment, the 1sertable device 1s adapted or otherwise
configured for use in connection with minimal access sur-
gical procedures. In this instance, the securing element
includes a needle protruding from the insertable device
essentially mline with the elongated axis of the device. The
insertable device 1s capable therewith of being removably
secured against a subject’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 elements, a
light elements, a laser elements, etc. In one embodiment, the
functional element includes a camera element, such as a
CMOS mmaging sensor or a CCD 1mage sensor. In another
embodiment, the functional element 1s a camera element that
includes a lens and a CCD 1mage sensor mounted 1n a lens
housing having threads therein to accept the lens and to
accommodate focal adjustments.

[0012] Inone embodiment, at least one functional element
1s 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 1s 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: a first degree
ol rotational freedom essentially orthogonal 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 functional
clement 1s a plurality of camera elements movably con-
nected to the first housing and the device includes a plurality
of actuating element connected to the first housing and the
camera elements. In this instance, the actuating elements are
capable of moving each of the camera elements 1n 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 functional
clement 1s 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 1s capable of moving the camera
clement in relation to the first housing in a first degree of
rotational freedom essentially orthogonal to the elongated
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axis allowing the functional element to be retracted into and
extracted from the first housing. The actuating elements may
be a motor producing rotational movement that interfaces
with the functional element to translate or redirect the
rotational movement produced by the motor 1n a direction
essentially orthogonal to the elongated axis, such as with a
bevel screw, a worm gear, or an assembly linking the
clement 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
clement 1s capable of moving the functional element 1n
relation to the first housing 1n 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 functional
clement 1s 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 1s capable of moving the functional
clement 1n relation to the first housing 1n a third degree of
longitudinal freedom essentially iline to the elongated axis
allowing the functional element to translate along the third
degree of freedom.

[0017] Movement in a third degree of longitudinal free-
dom may be accomplished with a functional element that 1s
mounted to a shuttle capable of moving along the elongated
axis. The actuating element may be a motor producing
rotational movement connected to a lead screw that inter-
faces with a threaded portion of the shuttle to translate the
rotational movement of the motor into longitudinal move-
ment 1n the shuttle along the elongated axis. Such movement
may also be accomplished for a plurality of functional
clements with a corresponding number of motors producing
rotational movement, and a corresponding number of
shuttles each functional element 1s mounted to a shuttle
capable ol moving along the elongated axis. In this instance,
cach shuttle includes a threaded 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 1nto longitudinal movement 1n 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
clements 1n relation to the first housing 1n a first degree 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 independently of each other. The
translational movement may also be accomplished with a
linear rail/actuator system.

[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
clement 1s capable of rotating the first housing 1n relation to
the second housing and each housing has an access opening
therein capable of aligning with each other so that the first
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housing may be rotated to cover the functional elements and
rotated to align the access openings to expose the functional
clement.

[0019] In another aspect of the present invention, an
insertable device having an elongated axis associated there-
with 1s provided that includes a first housing, a second
housing rotatably connected to the first housing, at least one
camera element comprising an 1image sensor movably con-
nected to the first housing, at least one actuating 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 1is
capable of moving the camera element 1n relation to the first
housing 1n at least one degree of freedom selected from a
group consisting of: a first degree of rotational freedom
essentially orthogonal to the elongated axis, a second degree
ol rotational freedom essentially inline with the elongated
axis, and a third degree of longitudinal freedom essentially
inline with the elongated axis.

[0020] In another aspect of the invention, an insertable
device having an elongated axis 1s provided that includes a
first housing, a second housing rotatably connected to the
first housing, a plurality of camera elements each compris-
Ing 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 1n relation to the first housing in a first
degree of rotational freedom essentially orthogonal to the
clongated 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 1s provided that includes a driving device
communicatively connected to at least one device insertable
into a structure having a lumen, the device including at least
one functional element associated therewith for use during a
mimmal 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 element 1n at least one degree of
freedom and the driving device provides a drive signal to
remotely control the movement of the functional element.

10022] The driving device may be adapted to provide
hybrid control of the insertable device such that the driving,
device may autonomously control functional element move-
ment 1n at least one degree of freedom. For instance, 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 1n view while
the user controls camera element movement 1n at least one
degree of freedom to obtain an 1mage of the site of 1nterest
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 move-
ment of the camera elements to produce a stereoscopic
image of the site of interest or to create stereo 1mages of a
site of interest in real-time based on automatic vergence
algorithms.
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[0023] In another aspect of the invention, an insertable
device 1s 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
clement connected to the first housing and the functional
clement. The actuating element 1s generally capable of
moving the functional element 1n relation to the first housing,
in a first degree of rotational freedom essentially orthogonal
to an elongated axis of the device for retracting and extract-
ing the functional element from the first housing.

[0024] In another aspect of the invention, an insertable
device 1s provided that includes a first housing, a second
housing rotatably connected to the first housing, at least one
camera element that includes an 1mage sensor movably
connected to the first housing, and at least one actuating

clement connected to the first housing and the camera
clement. The actuating element i1s generally capable of
moving the camera element in relation to the first housing in
at least one degree of freedom, such as a first degree of
rotational freedom essentially orthogonal to an elongated
axis ol the device, a second degree of rotational freedom
essentially mline with the elongated axis, and a third degree
of longitudinal freedom essentially inline with the elongated
axis.

[0025] In another aspect of the invention, a minimal
access system 1s provided that includes a driving device
communicatively connected to at least one device insertable
into a structure having a lumen. The insertable device
includes a first housing, at least one functional element for
use during a minimal access procedure movably connected
to the first housing allowing the functional element to move
in at least one degree of freedom, and at least one actuating
clement connected to the first housing and the functional
clement. The actuating element i1s generally capable of
moving the functional element 1n 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 functional element in the at least

one degree of freedom.

[0026] In another aspect of the invention, a minimal
access system 1s provided that includes a driving device
communicatively connected to at least one device insertable
into a structure having a lumen. The insertable device
includes a first housing, at least one camera element move-
ably connected to the first housing allowing the camera
clement to move 1n at least one degree of freedom, and at
least one actuating element connected to the first housing
and the camera element. The actuating element 1s generally
capable ol moving the camera element 1n relation to the first
housing 1n 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 1n the at
least one degree of freedom, and an 1image tracking module
that tracks movement of at least one object 1n 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 1mage tracking module to maintain the object 1n the
field of view of the camera element.

[10027] Additional aspects of the present invention will be
apparent in view of the description that follows.
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BRIEF DESCRIPTION OF THE FIGURES

10028] FIG. 1 1s a perspective view of an insertable device
for minimal access procedures according to one embodiment
of the present imnvention functional elements 1n a retracted
position;

[10029] FIG. 2 1s a perspective view of an insertable device
for minimal access procedures according to one embodiment
of the present invention with functional elements in an
extracted position;

[0030] FIG. 3 is a sectional view of an insertable device
for minimal access procedures according to one embodiment
of the present invention showing a functional element 1n an
extracted position and showing the range of motion of the
functional element 1n a direction orthogonal to the elongated
axis of the device;

[0031] FIG. 4 1s a sectional view of an insertable device
for minimal access procedures according to one embodiment
of the present invention showing functional elements each
rotatably mounted onto a shuttle and a shuttle interfacing
with a motor and lead screw assembly;

10032] FIG. 5 i1s a sectional view of an insertable device
for minimal access procedures according to one embodiment
of the present invention showing shuttles each interfacing
with a motor and lead screw assembly;

[0033] FIG. 6 1s a perspective view of a shuttle with a
functional element rotatably mounted thereon and the func-
tional element interfacing with a motor with a worm gear
assembly;

10034] FIG. 7 is a diagram of a minimal access system
according to one embodiment of the present invention;

[0035] FIG. 8 1s a side view of an insertable device for
mimmal access procedures according to one embodiment of
the present invention with functional elements 1n a retracted
position; and

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

10037] FIG. 10 is a sectional view of an insertable device
for minimal access procedures according to one embodiment
of the present mvention showing an electrical circuit for
communicating with the functional element and/or the
shuttle;

10038] FIG. 11 1s a sectional view of an insertable device
for minimal access procedures according to one embodiment
of the present invention showing an electrical system with a
plurality of circuits for communicating with the functional
element and/or the shuttle;

10039] FIG. 12 is a sectional view of an insertable device
for minimal access procedures according to one embodiment
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 1n a beginning sequence of a video 1image used
to track the movement of the grasping loop in the video
image; and
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[0041] FIG. 14 i1s an image of a protein crystal and
grasping loop in a subsequent sequence of a video 1mage
used to track the movement of the grasping loop 1n the video
image.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

[0042] In one aspect of the present invention, a single or
multi-functional element, 1nsertable device 1s provided that
can be inserted and temporarily placed or implanted mto a
structure having a lumen or hollow space. The structure
having a lumen may be the anatomical structure of a subject,
such as the subject’s heart, lungs, esophagus, stomach,
intestines, thoracic cavity, abdominal cavity, blood vessels,
ctc., and non-anatomical structure, such as tanks, pipes,
coniined spaces, rooms, etc. In one embodiment, the present
invention 1s adapted to be iserted and temporarily
implanted into a subject’s abdominal cavity to provide
therewith images of a surgical site for use 1n connection with
minimally 1nvasive surgical procedures, such as laparas-
copic procedures. The subject may be any animal, including
amphibians, birds, fish, mammals, and marsupials.

[0043] Referring to FIGS. 1 and 2, the insertable device
100 of the present mmvention 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 connected to the first
housing for moving or causing the functional element to
move 1n relation to the housing. A functional element 1s
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 eflector, such as a light element,
a laser element, a grasper, a dissecting instrument, a needle,
a scalpel, a grasper, dithermy/cautery instruments, a suturing
instrument, a stapling mstrument, etc. An eflector 1s gener-
ally 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 1s
explained 1n more detail below.

[0044] In one embodiment, the insertable device 1is
adapted or otherwise configured for surgical applications. In
this 1nstance, 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 essen-
tially parallel to or inline with the elongated 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 1s understood 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 1s 1nserted into the tissue and correspond-
ingly to allow the penetration or 1ncision to heal relatively
quickly after the operation. In one embodiment, the needle
110 has a rectangular cross section and 1s limited to dimen-
sions 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 corresponding
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magnets placed outside the body to hold the device against
the abdominal wall, a clamp, an adhesive substance, a tab or
hole that facilitates, e.g., suturing or stapling 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 1s adapted.

[0045] Where the functional element 106 is a camera
clement, the type of camera system adapted for the insert-
able device 100 may vary as well, however, to facilitate use
of the device for minimal access procedures, e.g., minimal
access 1maging, the camera system selected for the device
100 must accommodate the compact dimensions of the
device 100 as dictated by the dimensions of the opening
though which access mto the structure with a lumen 1s
provided. Where the device 100 1s adapted for use in
connection with minimally 1nvasive 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 1n diameter. A compact
s1ze with respect to the camera portion of the device 100
may be achieved, for example, with CMOS or CCD sensor
chip based cameras that consist of relatively compact ele-
ments that may be located remote from each other. In one
embodiment, the camera 1s a chip based camera with remote
camera elements, such as a remote CCD 1mage or CMOS
image sensor assemblies, which allow the image sensing
portion of the camera that 1s introduced 1nto the surgical site
to be movable 1n relation to the rest of camera circuitry. In
another embodiment, the camera includes a 8 mm round
CCD color 1image sensor mounted essentially perpendicular
to a 17 mm long driver board, and the driver board 1s
clectrically connected to a camera control unmit (“CCU”)
remote from the insertable device 100.

[0046] Various types and numbers of actuating elements
108 or actuators for moving the functional element 1n
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 actuators,
pneumatic actuators, solenoids, shape memory alloy actua-
tors, linear motors, motors producing rotational movement,
motors producing rotational movement adapted to provide
linear movement, etc. The type of actuating element 108 and
the number of actuating elements 108 will vary depending
on the design constraints of the insertable device 100, e.g.,
the dimensions as dictated by the size of the access port or
opening, the degrees 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 actu-
ating clements 108 comprises a brushless DC motor pro-
ducing suflicient torque to produce the desired movement 1n
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 1n 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 embodiment, the
motor runs on 6 volts, 1s about 27 mm long, and has a
diameter of about 5 mm.

[0047] In at least one embodiment, the device 100 is
designed to provide various degrees of freedom with regard
to the movement of the one or more functional elements 106.
The degrees of freedom will generally be described herein 1in

relation to the elongated axis 120 of the device 100. The
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various degrees of freedom may also be described 1n relation
to the image plane, where, for istance, panmng may be
viewed as a rotation, generally about a vertical axis through
the 1mage plane, tilting about a horizontal axis through the
image plane, and rolling would be about the optical axis. For
instance, a first degree 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 element
or elements 106, e.g., the camera or cameras, to pan along
the first degree of freedom 130, as shown between FIG. 8
and FIG. 9. A second degree of rotational freedom 140
essentially parallel or inline with the elongated 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 elements 106 to translate
along the third degree of freedom 130. In the case of a
multiple functional element device, the multiple elements
106 may be independently or simultaneously rotated and/or
moved in the first and third degrees of freedom 130, 150, and
in tandem 1n a second degree of freedom 140. This particular
feature 1s suited, for instance, where the multiple elements
106 are camera elements for use 1n stereoscopic 1imaging. In
other istances, the multiple functional elements 106 may be
independent from each other and thus may be independently

or stimulatingly rotated and/or moved 1n a first, second, 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 difierent
orientations/viewpoints. Additionally, the various degrees of
freedom of movement in addition to independent control
may, 1n a stereoscopic 1maging system, provide flexibility
with regard to controlling the vergence angle of the stereo
pair of camera clements and establishing a baseline for
stereo 1maging, and, in an autonomous tracking system,
maintaining moving objects in the field of view. In one
embodiment, the insertable device 100 includes five actuat-
ing 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 functional elements 106 are camera
clements and the zoom and certain rotations may be accom-
plished 1n software with 1imaging 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 limait at least one
of the overall dimensions of the device 100 to facilitate
insertion mto the structure with the lumen through a rela-
tively small access opening. For example, for minimally
invasive surgical procedures, an elongated tubular and/or
cylindrical insertable device 100 may be configured 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 1s 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 {it within the dimensions of the
device 100. If motors producing rotational movement, 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
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likely need to be aligned lengthwise essentially 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 combined with a lead screw and
shuttle arrangement to provide longitudinal movement along
the third degree of freedom 150, and may be combined with
a worm gear or bevel screw arrangement to provide rota-
tional movement along the first degree of freedom 130.

[0051] In one embodiment the device 100 includes a
second elongated housing 112 that is rotatably connected to
the first elongated housing 102, with or without bearings,
such that the first and second housings 102, 112 may be
rotated 1n relation to each other in at least one degree of
freedom. In this 1nstance, the device 100 may be removably
secured to the wall of the structure having a lumen, e.g., the
abdominal wall, with the securing element that 1s 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, 1n relation to the second housing
112. The first and second housings 102, 112 may be rotated
with respect to each other with a motor that produces
rotational movement 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 1n
relation to the elongated axis 120 to provide a suflicient
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 freedom in the
direction of the second degree of freedom 140 may be
achieved 1n this mstance if the second housing 112 does not
interfere with the movement of the functional elements 106
while the elements 106 are 1n an extracted position. The
second housing 112 may occupy a greater 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
clements 106 to retract into and extract from the first housing
102. In one embodiment, the access opemings 114, 118 of the
first and second housings 102, 112 are sized to allow the
maximum amount of rotational movement along the second
degree of freedom 140, e.g., the access opening 114 of the
second housing 112 1s dimensionally equal to or greater
circumierentially than the access opening 118 of the first
housing 102, as shown in FIG. 3. In one embodiment, the
first and second housing are capable of being rotated at least
270 degrees with respect to each other when the functional
clements 106 are 1n a retracted position and/or at least 180
degrees with the functional elements 106 extracted.

[0053] In one embodiment, the longitudinal movement in
the direction of the third degree of freedom 150 1s produced
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by mounting at least one functional element 106 onto a
shuttle 135 that 1s capable of moving along the elongated
axis 120 within the lumen of the first housing 102. Each
shuttle 135 further includes an actuating element 108 asso-
ciated therewith for producing the longitudinal movement
within the first housing 102. Referring to FIGS. 4 and 5, n
one embodiment, the shuttle 1335 1s moved along the elon-
gated axis 120 within the first housing 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 1s
screwed and unscrewed in relation to the shuttle 135. A track
or guide may be provided within the first housing 102 and
a corresponding key 1n the shuttle 135 to restrict undesirable
rotation of the shuttle 135. A second shuttle 135 with a
threaded portion 122 having threads 1n a reverse direction
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 directions to and
from each other. In one embodiment, independent longitu-
dinal movement for each of the shuttles 135 1s 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, alternatively, with each other’s lead screw. In this
instance, each shuttle 135 includes a threaded portion 122
that interfaces 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 1s achieved with an actuation element
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 element 108 1s a
motor 190 that interfaces with functional element 106 with
a worm gear assembly to redirect the rotation produced by
the motor 190 1 a direction essentially orthogonal or
essentially perpendicular to the axis of the motor 190 or the
clongated axis 120, as shown 1n FIG. 6. In one embodiment,
the functional elements 106 are mounted to the shuttles 135
so that maximum freedom 1n the direction of the third degree
of freedom 130 1s 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 1s up to 10 mm.

[0055] In one embodiment, at least one of the functional
clements 106 1s a camera element and the shuttle 135
includes a camera element rotatably attached thereto which
includes an 1mage sensor, such as a CCD or CMOS image
sensor, mounted 1n a lens housing that has threads therein to
accept a lens with matching threads which accommodates
focal adjustments. In one embodiment, a CCD sensor and
lens are mounted on a pedestal, which 1s rotatably connected
to the shuttle 135 so that the pedestal may tilt about an axis
that 1s orthogonal to the shuttle motor. The driver board
mounted on the shuttle 135 may be connected to the CCD
image sensor with or without a flexible ribbon cable.

[0056] It is understood that the various components of the
device 100 may be manufactured from a variety and/or a
combination of biocompatible and non-biocompatible mate-
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rials, such as polyester, Gortex, polytetrafluoroethyline
(PTFE), polyethelene, polypropylene, polyurethane, silicon,
steel, stainless steel, titamium, Nitinol, or other shape
memory alloys, copper, silver, gold, platinum, Kevlar fiber,
carbon fiber, etc. Where non-biocompatible materials may
come 1nto contact with anatomic structure, the components
made from the non-biocompatible materials may be covered
or coated with a biocompatible material. In one embodi-
ment, the housings 102, 112 of the device 100 are manu-
factured from stainless steel. The housings may be stainless
steel tubes of various diameters. In one embodiment, the
second housing 112 has a diameter of about 5 mm (0.197")
to about 25 mm (0.984"), and 1s about 127 mm (3") to about
228 mm (9") long. In one embodiment the second housing
has a diameter or of %1s" and 1s 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 1nsertion
into the structure. An about 50 mm (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 func-
tional elements 106 to tilt when extracted. In on embodi-
ment, the access opening 1s about 2.6" long. In one embodi-
ment, the first housing 102 has a 0.028" thickness. In another
embodiment, the first housing has a smaller diameter than
the second housing which 1s 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 4" diameter and 1s 6"
long. A portion of the first housing 102 1s 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 suflicient space to house cable to
provide suflicient slack to accommodate the movement of
the functional elements 106 as described herein.

[0057] Itis understood that the device 100 may be adapted
to provide additional functionality. For instance, the func-
tional element 106 may be an eflector type instrument, such
as a light for illuminating the site of interest, 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
istrument, a stapling instrument, or any other type of
surgical instrument. The mstrument may be fixed in relation
to the device or may be moveabe 1n relation to the device in
one of the various degrees of freedom, as noted above.
Moreover, the device may include multiple functional ele-
ments 106, such as at least two of a light, laser, and a camera
clement, 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 imcorporated into the camera
clement. In one embodiment, the multiple instruments may
be controlled consistently with each other. For example, a
light may be controlled in the various degrees of freedom to
illuminate the site consistent with the movement of the
camera element. In one embodiment, the 1nsertable device
100 includes a plurality of shuttles 135, one shuttle 135
including a camera element and at least one shuttle 135
which includes a functional element, such as a light, a laser,
etc., thereon.

[0058] As noted above, the present invention may be
temporarily placed mto a luminal structure for minimal
access procedures to obviate some or all of the drawbacks of
probe-like instruments, such as endoscopes, graspers, dis-
sectors, etc., that pivot at the access opening of the luminal
structure. Probe-like istruments are generally slender
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instruments intended to be inserted 1nto the luminal structure
for use 1n minimal access procedures. The present invention
may also be used in connection 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 c¢lement, moveably connected thereto, to similarly
retract mto and out of from the probe. In this instance, the
body or a tubular section of the probe-like instrument forms
the first housing from which the camera element may be
retracted, for 1insertion into the luminal structure and
extracted therefrom to provide an 1mage 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 functional elements discussed above may be com-
bined with any type of slender mstrument to provide instru-
ments with multiple functions thereby limiting the number
ol access openmings 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 elec-
trically and/or communicatively couples the functional ele-
ment 106, the shuttle 1335, an actuating device 108, 190, or
a combination thereol, with a driving device 220. The
clectrical 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, energy, 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 commu-
nicates wirelessly with a corresponding 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 1s generally 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 1n contact the
wire 202 as the shuttle 135 translates within the first housing
102. A wire 202 1s generally any electrically conductive
structure that may be so disposed, such as a wire having a
circular, square, or a rectangular cross section, such as 1n 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 actuating
device 108, 190 or a functional element 106 associated with
the shuttle 135 with the wire 202, e.g., using wire 208, while
the shuttle 133 translates along within the first housing 102,
preferably for the full range of motion 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 con-
tacts wire 202 and wire 208 thereby establishing continuity
between the cable 210 and the actuating device 108, 190 or
functional element 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
bearing toward the wire 202. The spring i1s preferably
clectrically conductive to maintain the desired continuity 1n
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
clectrical 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 element, to
conduct energy or communicate 1image 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. Similarly, the elec-
trical circuit may conduct energy for an ultrasonic dissector
or any other type of eflector and recerve data therefrom. In
instances where functional elements may interfere with each
other, such as a camera element and an ultrasound probe, the
functional elements preferably operate at different frequen-
cies or iclude 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 temperature
sensor, a pressure sensor, haptic feedback devices, etc.,
disposed on the functional element 106 or elsewhere 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 feedback devices generally pro-
vide the user with feedback regarding feel, usually by
generating resistive forces in mput device. When the driving
device includes 1maging, sensor, and eflector elements or

subsystems, the device integrates control of all of these
systems.

[0062] The electrical circuits may be disposed longitudi-
nally at various locations 1n the first housing 102 as dictated
by the size of the device 100. That 1s, for relatively large
devices 100, all of the electrical circuits may be disposed 1n
a localized area or areas of the first housing 100 without
limitation. In contrast, for smaller devices 100 the electrical
circuits may be spaced sufliciently apart around the perim-
cter of the first housing 102 to accommodate as many
circuits as desired. The contacts 204 may also be longitu-
dinally spaced on the shuttle 135 as shown 1n 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 otherwise be available with all of the
contacts 204 on the same plane.

[0063] The actuating elements 108, 190 or the functional
clements 106 may also share electrical circuits or portions
thereol. For example, the actuating elements disposed on the
shuttles 135 as well as those producing translational move-
ment 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 communication bus for the functional ele-
ments 106. For example, a plurality of camera elements,
oxXygen sensors, stress/strain sensors, pressure sensors, tems-
perature sensors, etc., or a combination thereof, may com-
municate data with a common set of wires 202. The data
communicated from these data acquisition devices may also
include a 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 1image 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.
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[0064] Referring to FIG. 7, a minimal access system,
according to one embodiment, includes at least one 1nsert-
able device 100 or a plurality of insertable devices commu-
nicatively coupled to a driving device 220. The driving
device 220 1s generally a device, which provides the driving
signal or signals to produce the desired functionality with
the insertable device 100, such as movement 1n the relevant
degrees of freedom of motion, 1maging, provide power or
energy for cauterizing, coagulation, ablation, for actuating
graspers, scissors, etc. The driving device 220 as well as the
other components discussed herein may be implemented 1n
hardware, software, or a combination thereof. Although the
driving device 220 may be discussed by way of example 1n
relation to certain modules or components, 1t 1s understood
that the functionality of the driving device 220 may be
accomplished with a variety of hardware and software
components and 1s thus not limited thereto.

[0065] In one embodiment, the driving device 220
includes 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 controller for
cach of the actuating devices incorporated 1nto the device
100, a camera controller for each of the camera elements,
and specific controllers for each of the other types of
functional elements. The motor controllers generally pro-
vide the drive signal to control the operation of the actuating
clements and the camera controllers provide the signal to
control the functions of the camera based on signals from,
¢.g., an 1put device, a voice recognition module 224, an
image tracking module 226, etc. The driving device 220 may
also 1include a power supply that provides the power for the
actuating elements electrically connected to the driving
device 220 and the functional elements communicatively
connected to the driving device 220, as well as the compo-
nents 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 auto-
matically controlling the elements of the device 100. In one
embodiment, the system includes a plurality of insertable
devices 100 with each of the devices 100 providing a
different functionality, such as one of 1imaging, light, coagu-
lation, and ablation.

[0066] The driving device 220 may also include an image
processor/display adaptor 222, which receives image data or
other types of acquired data from at least one insertable
device 100 and converts image data received from the
camera elements or sensors mnto a signal suitable for dis-
playing the 1mage 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 1image 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
clements 1to 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 1n the field of view, which may be used to track the
object as discussed below.
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[0067] In one 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
movement 1n the first and second degrees of freedom 130,
140 1n order to keep a user-identified object 1n view, while
the user controls camera movement along the third degree of
freedom to provide images from different orientations/per-
spectives. In one embodiment, the autonomous system
maintains the user identified object, such as an organ, in
view while the user orients at least one camera element. This
may be accomplished with a constraint-based sensor plan-
ning system that can associate viewpoints of modeled
objects. The planning system generally incorporates con-
straints on viewpoint visibility, depth-of-field, and 1mage
resolution to plan correct viewing parameters and positions.
This aspect 1s particularly beneficial when multiple camera
insertable devices are 1n use to provide surgeons with a
choice of potential viewpoints and to provide stereoscopic
imaging.

[0068] The system may also independently track user-
identified objects to maintain such objects 1n view when the
objects move 1n the site of interest or more particularly 1n the
image field. For example, the system may track the move-
ment of organs or instruments 1 a subject’s abdominal
cavity and control the camera element to maintain the organ
or istrument 1n view during a minimal access procedure or
a portion thereof. This may be accomplished with a tracking
module 226, which receives a first set of 1image data of the
site of interest and 1nstruction regarding an object or objects
to be tracked, which object or objects are represented 1n the
first set of image data. A set of image data generally includes
data suflicient to 1dentify an object 1n the field of view. The
set of 1image data may include suflicient 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 point-
ing device that allows the user to select an object or point on
a graphic display of the site of interest. The pointing device
may be a mouse, a joystick, a stylus, a touch screen display,
etc. The tracking module 226 receives a subsequent set of
image data and tracks movement therein of the user-identi-
fied object based on differences between the first set of
image data and the subsequent set of data. Accordingly,
movement may be tracked 1n real-time based on a compari-
son of contiguous and/or sequential 1mage data sets or
frames obtained at different times. The 1image data sets may
be stored 1n 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, geometric
features, motion, fiducial markers, etc. In one embodiment,
image processing 1s used to i1dentify a target based on 1ts
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 crystals and a grasping,
loop 1n 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 1s placed under the crystal
to pick it up.
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[0070] As noted above, the tracking module may track one
or more features, mstruments, or organs and provide infor-
mation to the controller 200 in order to maintain the targeted
object 1n view. This may be accomplished 1n a variety of
ways. In one embodiment, once the targeted object 1s
identified, the camera element may be moved in a first,
second, or third degree of freedom, or a combination thereof,
to pan and tilt the camera as needed to keep the target
centered 1n the image or at any other point in the 1mage.
Computer control algorithms may be used to pan and tilt the
camera elements. For example, a vertical or horizontal error
measured 1n 1mage pixels from the image center may be used
to control tilt and pan, respectively, where the velocity 1s
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
stereoscopic 1maging of the object 1n 3D. A plurality of
objects may also be tracked independently and a plurality of
camera element may each be controlled separately to pro-
vide a range of viewpoints to a surgeon while maintaining
cach of the tracked objects in the field of view. This 1is
particularly useful with minmimal access procedures that
involve multiple organs/instruments.

[0071] Although the present invention has been described
in particular detail with regard to imaging platforms, which
include one or more camera elements, the present invention
may generally serve as a basis for other data acquisition
platiorms or eflector platforms. To facilitate remote, open or
closed loop, or hybrid control with regard to effector plat-
forms, the functional elements may include sensors, such as
stress/strain, ultrasound, haptic, RF, etc., that provide feed-
back for use 1n tracking and actuating the eflector type of
functional elements. Additional data input with the addition
of various sensors on the eflectors may further guide deci-
sion making by the surgeon with input from the computer.
For example, sensors that may be used include ultrasound
probes, oximeters, or haptic feedback devices to measure the
pressure required to affect a task (conceptually, the equiva-

lent of tactile sensation).

[0072] The system may further be adapted to perform
open loop position control of the one or two functional
clements 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 alpha-
numeric keypad, etc., produce a video image of the site,
track moving structures within the body, and/or create stereo
images in real-time based on automatic vergence algorithms.
Stereo 1mages may be displayed on head-mounted stereo-
scopic goggles for immersive 3D stereo 1maging.

[0073] The driving device 220 generally provides control
remote from the insertable device 100, e.g., the dniving
device 220 1s located exterior to the body whereas the
insertable device 100 may be implanted to provide the
relevant functionality with respect to minimal access pro-
cedures. The driving device 220 may interface with the
device 100 with cables, such as a cable 2 m long and 1-12
mm 1n diameter. The cable generally includes a plurality 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
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to the device to reduce the number of wires necessary to
operate the device 100. In this mstance, the driving device
220 1includes a communication module 214 that allows
devices 100 with corresponding communication modules to
communicate with each other. 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 described
in some detail for purposes of clarity and understanding, 1t
will be appreciated by one skilled 1n the art, from a reading,
of the disclosure, that various changes 1n form and detail can
be made without departing from the true scope of the
invention in the appended claims.

What 1s claimed 1s:

1. A device insertable ito a structure having a lumen,
comprising;

a first housing;

at least one functional element movably connected to the
first housing; and

at least one actuating clement connected to the first
housing and the functional element for moving the
functional element 1n relation to the first housing in a
first degree of rotational freedom essentially orthogonal
to an elongated axis of the device for retracting and
extracting the functional element from the first housing.

2. The insertable device of claim 1, wherein the functional
clement comprises a data acquisition device.

3. The insertable device of claim 2, wherein the data
acquisition device 1s selected from the group comprising a
camera element, a sensor, an ultrasound probe, and a haptic
teedback device.

4. The 1nsertable device of claim 2, wherein the sensor 1s
selected from the group comprising an oxygen sensor, a
stress or strain sensor, a temperature sensor, and a pressure
SEensor.

5. The insertable device of claim 1, wherein the functional
clement comprises an eflector.

6. The insertable device of claim 5, wherein the eflector
1s selected from the group comprising a light, a laser, a
dissecting instrument, a needle, a grasper, a scalpel, a
diathermy 1nstrument, a cautery instrument, a suturing
instrument, and a stapling instrument.

7. The 1insertable device of claim 1, wherein the functional
clement comprises a camera element comprising one of a
CMOS mmaging sensor and a CCD 1mage sensor.

8. The 1nsertable device of claim 1, wherein the functional
clement 1s a camera element that comprises a lens housing
having a lens therein, and an imaging sensor mounted 1n the
lens housing for making focal adjustments.

9. The 1nsertable device of claim 1, wherein the functional
clement 1s movably connected to the first housing, allowing
the functional element to be moved in at least one of a
second degree of rotational freedom essentially inline with
an elongated axis of the device and a third a third degree of
translation freedom essentially inline with the elongated
axis, and wherein the at least one actuating element 1s for
moving the functional element 1n relation to the first housing,
in at least one of the second degree and the third degree of
freedom.

10. The insertable device of claim 9, wherein the at least
one actuating element comprises a plurality of actuating
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clements, wherein each of the plurality of actuating elements
1s for moving the functional element in relation to the first
housing in one of the degrees of freedom.

11. The insertable device of claim 1, wherein the device
1s a probe-like mstrument for minimal access procedures and
the first housing has a tubular body.

12. The sertable device of claim 11, wherein the probe-
like mstrument includes at least one selected from the group
comprising an endoscope, a grasper, and a dissector.

13. The nsertable device of claim 1, comprising a second
housing rotatably attached to the first housing and wherein
the at least one actuating element 1s further connected to the
second housing, the actuating element capable of moving
the functional element 1n relation to the first housing 1n a
second degree of rotational freedom essentially inline with
an elongated axis of the device by rotating the first housing
in relation to the second housing.

14. The 1nsertable device of claim 1, wherein the at least
one functional element 1s movably connected to the first
housing allowing the functional element to move 1n a third
degree of translational freedom essentially inline with an
clongated axis of the device, and wherein the at least one
actuating element 1s for moving the functional element along
the third degree of freedom.

15. The 1nsertable device of claim 14, further comprising
a shuttle capable of moving 1n relation to the first housing
along the elongated axis of the device, wherein the func-
tional element 1s movably connected to the shuttle for
moving the shuttle along the elongated axis.

16. The 1nsertable device of claim 135, further comprising
a driving device and at least one electrical circuit disposed
within the first housing for coupling at least one of the
functional element, the shuttle, and the at least one actuating
device to a driving device.

17. The 1nsertable device of claim 16, wherein the elec-
trical circuit comprises at least one wire disposed within at
least a portion of a length of the first housing and at least one
contact associated with the shuttle, wherein the contact
remains in contact with the wire as the shuttle moves within
the first housing.

18. The insertable device of claim 17, wherein the contact
comprises a ball bearing disposed 1n a recess 1n the shuttle.

19. The insertable device of claim 17, wherein the contact
1s biased toward the wire to maintain continuous contact
with the wire as the shuttle moves within the first housing.

20. The insertable device of claim 16, comprising at least
one electrical circuit for conducting energy and at least one
clectrical circuit for communicating data.

21. The 1nsertable device of claim 16, wherein at least one
of the functional element, the shuttle, and the actuating
device share at least a portion of the electrical circuit.

22. A device msertable mto a structure having a lumen,
comprising;

a first housing;
a second housing rotatably connected to the first housing;

at least one camera element comprising an 1mage sensor
movably connected to the first housing; and

at least one actuating element connected to the first
housing and the camera element, for moving the cam-
cra element 1n relation to the first housing in at least one
degree of freedom selected from the group consisting

of:
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a first degree of rotational freedom essentially orthogo-
nal 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 essentially inline
with the elongated axis.

23. A mimimal access system comprising a driving device
communicatively connected to at least one device insertable
into a structure having a lumen, wherein the insertable
device comprises:

a first housing;

at least one functional element movably connected to the
first housing; and

at least one actuating element connected to the first
housing and the functional element for moving the
functional element 1n relation to the first housing in at
least one degree of freedom, and wherein the driving
device comprises at least one controller that provides a
driving signal to control movement of the functional
clement 1n the at least one degree of freedom.

24. The system of claim 23, wherein the controller pro-
duces a signal for controlling the functional element.

25. The system of claim 24, wherein the functional
clement comprises a camera element and wherein the con-
troller provides a signal for controlling the camera element.

26. The system of claim 24, further comprising an input
device, wherein the controller controls the functional ele-
ment based on signals from an 1nput device.

27. The system of claam 24, wherein the functional
clement comprises an elflector and wherein the controller
provides a signal for operating the eflector.

28. The system of claam 27, wherein the effector i1s
selected from the group comprising a laser element, a
dissecting instrument, a diathermy instrument, and a cautery
instrument, and wherein the controller provides an energy
signal for at least one of cutting, cauterizing, coagulating,
and ablating.

29. The system of claiam 27, wherein the effector i1s
selected from the group comprising a needle, scissors, a
stapling 1nstrument, a suturing instrument, a scalpel, and a
grasper and wherein the controller provides a signal for
actuating the functional element.

30. The system of claim 23, wherein the controller con-
trols movement of the functional element at least initially
based on signals from an mmput device.

31. The system of claim 23, further comprising an image
tracking module for tracking movement of at least one
object 1n a field of view of the camera element and wherein
the functional element comprises a camera element and
wherein controller controls movement of the camera ele-
ment based on signals from the image tracking module.

32. The system of claim 31, wherein the controller con-
trols movement of the camera element for maintaining the
object 1n the field of view of the camera element.

33. The system of claim 31, wherein the image tracking
module tracks movement of a user-identified object.
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34. The system of claim 31, wherein the tracking module:
recetves a first set of 1mage data of a site of interest;

recerves nstruction regarding the at least one object
represented 1n the first set of 1mage data to be tracked;

recerves a subsequent set of 1image data; and

tracks movement of the at least one object based on
differences between the first set of 1mage data and the
subsequent set of data.

35. The system of claim 34, wherein the tracking module
tracks the at least one object based on the object’s RGB
color components.

36. The system of claim 31, further comprising an 1mage
tracking module for tracking a plurality of objects 1n the field
of view of the camera elements wherein the functional
clement comprises a plurality of camera elements, and
wherein the controller controls movement of the camera
clements independently based on signals from the image
tracking module.

377. The system of claim 23, wherein the device comprises
a plurality of camera elements, and wherein the controller
controls movement of the camera elements based on signals
from an 1mage tracking module that tracks movement of at
least one object 1n a field of view of the camera element for
guiding the angle of the plurality of camera elements toward
the object.

38. The system of claim 27, further comprising sensor
clements.

39. The system of claim 37, wherein the driving device
integrates control of the camera elements, the sensor ele-
ments, and the effectors.

40. A mimimal access system comprising a driving device
communicatively connected to at least one device insertable
into a structure having a lumen, wherein the insertable
device comprises:

a first housing;

at least one camera element moveably connected to the
first housing for allowing the camera element to move
in at least one degree of freedom; and

at least one actuating element connected to the first
housing and the camera element, for moving the cam-
era element 1n relation to the first housing 1n the at least
one degree of freedom, and wherein the driving device
COMPrises:

at least one controller for providing a driving signal for
controlling movement of the camera element 1n the at
least one degree of freedom; and

an 1mage tracking module for tracking movement of at
least one object 1n a field of view of the camera
element, wherein the controller controls movement of
the camera element based on a signal from the 1mage
tracking module for maintaining the object 1n the field
of view of the camera element.
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