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Methods, Systems, and Devices for Surgical Visualization and

Device Manipulation

Field of the Invention

[001] The present invention relates to a console for use in surgical procedures. More
specifically, the console includes external manipulation components and a visual display that can
be used in conjunction with an internal robotic device to minimize trauma to a patient during

surgery.

Background of the Invention

[002] Open surgeries often require a surgeon to make sizable incisions to a patient’s body in
order to have adequate visual and physical access to the site requiring treatment. The application
of laparoscopy for performing procedures, such as abdominal procedures, marks a paradigm shift
in general surgery. Laparoscopic surgeries are performed using small incisions in the abdominal
wall and inserting a small endoscope into the abdominal cavity and transmitting the images
captured by the endoscope onto a visual display. The surgeon can thus see the abdominal cavity
without making a sizable incision in the patient's body, reducing invasiveness and providing
patients with the benefits of reduced trauma, shortened recovery times, and improved cosmetic
results. In addition to the endoscope, laparoscopic surgeries are performed using long, rigid tools
inserted through incisions in the abdominal wall. However, conventional techniques and tools for
performing laparoscopic procedures can limit the dexterity and vision of the surgeon. Given the
size of the incisions, the maneuverability of the tools is limited and additional incisions may be
required if an auxiliary view of the surgical site is needed. In addition, the typical location of the
visual display necessitates the surgeon gazing in an upward and frontal direction. The visual
acuity of the surgeon may also be limited by the two-dimensional video display. These constraints
in both dexterous ability and vision limit the application of laparoscopic techniques to less
complicated procedures.

[003] Anocther method currently used in minimally invasive surgeries relates to translumenal
procedures. Traditional translumenal procedures utilize modified conventional endoscopic tools.
However, these modified endoscopic tools present constraints similar to laparoscopic tools,
including a diminished visual field and the use of a two-dimensional visual display. Also, because
the endoscopic tools must be flexibie along their length in order to access the body cavity through
a natural orifice, they present the additional challenges of determining and maintaining spatial
orientation. In addition, tissue manipulations are limited due to the necessity of applying force
along the axis of the endoscope.

[004] Thus, there is a need in the art for improved, minimally invasive surgical devices.
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Brief Summary

[005] In a first aspect, a surgical device includes a console having a visual display and a device
manipulation component, a robotic device having a camera and a connection component. The
robotic device is configured to be positioned completely within a body cavity. The camera is
configured to transmit visual images to the visual display. The connection component operably
couples the console component and the robotic device. The device manipulation component is
positioned relative to the visual display so as to appear to be penetrating the visual display.

[006] In another aspect, a surgical system includes a console component having a visual
component and a manipulator, a robotic device having a camera for providing visual images to the
visual component and a connection component. The robotic device is position-able entirely within
a body cavity. The connection component is operably coupled to the console component and
configured to be coupleable to the robotic device when the robotic device is disposed within the
body cavity. The manipulator is positioned relative to the visual component so as to appear to be
penetrating the visual component.

[007] Yet another aspect is a method of performing a minimally invasive surgery. The method
includes positioning a console component at a location relative to a body cavity, inserting a robotic
device through a natural orifice of a patient and into a passage connected to the natural orifice,
passing the robotic device through the passage and into the body cavity such that the robotic
device is located substantially completely within the body cavity, transmitting visual images
captured by the robotic device to the console component, displaying the visual images on a visual
display, providing inputs based on movements of manipulation components operatively connected
to the console component and the robotic device based on the visual images on the visual display,
and correspondingly moving the robotic device based on the inputs and the movements of the
manipulation components. The visual display is positioned relative to the body cavity such that the
body cavity appears visually to a user to be viewable directly through the visual display.

Brief Description of the Figures

[008] FIG. 1A is a perspective view of a surgical visualization and device manipulation system,
according to one embodiment.

[009] FIG. 1B is a perspective view of the surgical visualization and device manipulation system,
according to the embodiment of FIG. 1A.

[010] FIG. 2A is a diagram of a control scheme of the surgical visualization and device
manipulation system, according to one embodiment.

[011] FIG. 2B is a diagram of an alternative control scheme of the surgical visualization and
device manipulation system, according to one embodiment.

[012] FIG. 3Ais a top view of a surgical visualization and device manipulation system positioned
relative to a body cavity of a patient, according to another embodiment.

[013] FIG. 3B is a front view of the surgical visualization and device manipulation system
positioned reiative to a body cavity of the patient, according to the embodiment of FIG. 3A.
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[014] FIG. 3C is a side view of the surgical visualization and device manipulation system
positioned relative to a body cavity of the patient, according to the embodiment of FIG. 3A.

[015] FIG. 4A is a perspective view of a surgical visualization and device manipulation system,
according to a further embodiment.

[016] FIG. 4B is a front view of the surgical visualization and device manipulation system,
according to the embodiment of FIG. 4A.

[017] FIG. 5A is a perspective view of a surgical visualization and device manipulation system,
according to another embodiment.

[018] FIG. 5B is a front view of the surgical visualization and device manipulation system,
according to the embodiment of FIG. 5A.

[019] FIG. 6A is a front view of a console and manipulator arms of a surgical visualization and
device manipulation system, according to one embodiment.

[020] FIG. 6B is a perspective view of the console and manipulator arms of the surgical
visualization and device manipulation system, according to the embodiment of FIG. 6A.

[021] FIG. 6C is a perspective view of the console and manipulator arms of the surgical
visualization and device manipulation system, according to the embodiment of FIG. 6A.

[022] FIG. 6D is an enlarged perspective view of the console and manipulator arms of the
surgical visualization and device manipulation system, according to the embodiment of FIG. 6A.
[023] FIG. 7A is a front view of a set of offset planar hinge joint manipulators of a surgical
visualization and device manipulation system, according to one embodiment.

[024] FIG. 7B is a perspective view of the set of the offset planar hinge joint manipulators of the
surgical visualization and device manipulation system, according to the embodiment of FIG. 7A.
[025] FIG. 7C is a schematic view of the set of the offset planar hinge joint manipulators of the
surgical visualization and device manipulation system positioned relative to a body cavity of a
patient, according to the embodiment of FIG. 7A.

[026] FIG. 8A is a rear perspective view of a console of the surgical visualization and device
manipulation system, according to one embodiment.

[027] FIG. 8B is a front perspective view of the console of the surgical visualization and device
manipulation system, according to the embodiment of FIG. 8A.

[028] FIG. 9 is a side perspective view of a surgical visualization and device manipulation
system positioned relative to a body cavity of the patient, according to an alternative embodiment.
[029] FIG. 10A is a perspective view of a surgical visualization and device manipulation system
positioned relative to a body cavity of the patient, according to an alternative embodiment.

[030] FIG. 10B is a perspective view of a surgical visualization and device manipulation system
positioned relative to a body cavity of the patient, according to an alternative embodiment.

[031] FIG. 11 is a schematic representation of a surgical visualization and device manipulation
system, according to another embodiment.

[032] FIG. 12A is a schematic representation of an instructor console of the surgical
visualization and device manipulation system, according to a further embodiment.
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[033] FIG. 12B is a schematic representation of a student console of the surgical visualization
and device manipulation system, according to the embodiment of FIG. 12A.

[034] FIG. 13 is a perspective view of a surgical visualization and device manipulation system
having a stabilization system, according to another embodiment.

[035] FIG. 14A is a perspective view of a robotic device of the surgical visualization and device
manipulation system in an unfolded position, according to one embodiment.

[036] FIG. 14B is a diagram of the rotational axes of the robotic device of the surgical
visualization and device manipulation system in a folded position, according to the embodiment of
FIG. 14A.

[037] FIG. 15A is a diagram of a kinematic model of a robotic device of the surgical visualization
and device manipulation system, according to one embodiment.

[038] FIG. 15B is a close-up diagram of the shoulder joint of a kinematic model of a robotic
device of the surgical visualization and device manipulation system, according to the embodiment
of FIG. 15A.

[039] FIG. 15C is a diagram of an actuation path of a robotic device of the surgical visualization
and device manipulation system, according to the embodiment of FIG. 15A.

[040] FIG. 15D is a graph of the planned and actual path of a NOTES robotic device traced in a
workspace, according to one embodiment.

[041] FIG. 16 is a kinematic model of a shoulder joint of a robotic device of the surgical
visualization and device manipulation system, according to one embodiment.

[042] FIG. 17 is a schematic diagram of an offset planar hinge joint of the surgical visualization
and device manipulation system, according to one embodiment.

[043] FIG. 18A is a kinematic model of an offset planar hinge joint of the surgical visualization
and device manipulation system in a nominal state, according to one embodiment.

[044] FIG. 18B is a kinematic model of an offset planar hinge joint of the surgical visualization
and device manipulation system rotated by an amount alpha, according to the embodiment of FIG.
15A.

Detailed Description

[045] FIGS. 1A and 1B are perspective views of one embodiment of a surgical visualization and
device manipulation system 10. System 10 includes a control console 12 that operates in
conjunction with robotic surgical device 14 positioned inside body cavity 16, such as an abdomen,
of a patient. That is, the control console 12 can be used to operate the device 14 inside the body
cavity 16. System 10 addresses the visual and dexterous manipulation constraints associated with
standard surgical procedures, such as laparoscopic and natural orifice translumenal endoscopic
surgical (“NOTES") procedures, while building upon the established skill set of laparoscopic
surgeons. Robotic device 14 is located entirely within body cavity 16 and (in contrast to traditional
laparoscopic and endoscopic tools) is not constrained by an entry incision.

[046] In accordance with the implementation depicted in FIGS. 1A and 1B, console 12 is
configured to be positioned outside body cavity 16 of the patient and includes console magnet 22,

-4-
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a visual display 24 (best depicted in FIG. 1B), and first manipulator 26A and second manipulator
26B (collectively referred to as “manipulators 26”). As used herein, “console” is intended to mean
a controller or operational hub. Console magnet 22 draws robotic device 14 toward internal cavity
wall 20 of body cavity 16 and adjacent console 12, thereby positioning robotic device 14 against
internal cavity wall 20. Visual display 24 is coupled to robotic device 14 and displays visual
feedback of body cavity 16 captured by robotic device 14. In this embodiment, manipulators 26
are connected to console 12, and in conjunction with console 12, communicate with and control
robotic device 14. In the implementation as depicted, console 12 and manipulators 26 operate
robotic device 14 via wireless communication. Alternatively, as explained in further detail below,
the console 12 can be coupled to the robotic device 14 via a physical connection.

[047] In one implementation, by positioning robotic device 14 within body cavity 16 relative to
console 12, system 10 allows the surgeon to determine and maintain spatial orientation of robotic
device 14 with respect to console 12. Other benefits of system 10 can include, but are not limited
to: providing a training tool for surgeons, reducing or eliminating the need for a surgeon to be on-
site, and reducing the cost of robotic surgical systems.

[048] FIG. 1B shows a perspective view of console 12 with manipulators 26 according to one
embodiment. As used herein, “manipulator” is intended to mean any input device associated with
a console for operating a robotic device via a wired or wireless connection component. A
manipulator can also be referred to herein as a "manipulator arm” or “manipulator handle.” In this
embodiment, each manipulator 26A and 26B is configured to provide for three rotations (one
axially, two cross-axially) and one translation (up and down) as well as a binary trigger for
controlling such operational components as graspers, cauterization components, and/or
suction/irrigation components. These capabilities will be explained in further detail in additional
embodiments herein. The positions of manipulators 26 are measured and the information is
transferred to a system processor (not shown) disposed within the console 12 which processes the
position information and transmits resulting commands to robotic device 14 to position the device
14 or any device connected to the robotic device 14 in the appropriate position or location. The
positions of manipulators 26 are continuously updated to the processor such that the commands
and the resulting corresponding movements of manipulators 26 and robotic device 14 and/or any
device connected to robotic device 14 are substantially in real-time.

[049] In an exemplary embodiment as shown, manipulators 26 substantially replicate standard
laparoscopic tool handles. That is, manipulators 26 have generally the same shape and
movement as standard laparoscopic tools. Alternatively, manipulators 26 can take various forms,
including, but not limited to: computer controls known in the art such as 2-dimensional and 3-
dimensional mice and keyboards; heavy equipment and airline controls known in the art such as
sticks, wheels, and triggers; and various techniques used in virtual reality involving smart gloves or
other similar devices made to fit the human body and model human motion. In one embodiment,
for example, virtual reality control is used and robotic device 14 is modified to look more human. In

another embodiment, robotic device 14 is configured to look like a surgeon’s hands.
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[050] According to one implementation, visual display 24 is positioned on a front face 25 of
console 12 opposite rear face 23. In practice, console 12 is positioned on external surface 18 of
body cavity 16 such that front face 25 and visual display 24 of console 12 are visible to a surgeon
standing over body cavity 16. In one aspect, visual display 24 is operably coupled to an image
capturing component on robotic device 14. Signals from robotic device 14 may be transmitted in
any format (e.g., NTSC, digital, PAL, etc.) to visual display 24 of console 12. For example, the
signal may be a video signal and/or a still image signal. Visual display 24 may also be any known
image display component capable of displaying the images collected by an image capturing
component that can be used with robotic device 14. In one embodiment, visual display 24 is a
standard video monitor. In an alternative embodiment, the visual display 24 can display two
dimensional visual feedback, three dimensional visual feedback or stereoscopic imaging to a
surgeon via imaging component on robotic device 14. Those of ordinary skill in the art will
recognize that a signal from a camera can be processed to produce a display signal for many
different types of display devices, including, but not fimited to: televisions configured to display an
NTSC signal, televisions configured to display a PAL signal, cathode ray tube based computer
monitors, LCD monitors, and plasma displays. In an exemplary embodiment, console 12 is a da
Vinci® console, available from Intuitive Surgical, Inc., located in Sunnyvale, CA.

[051] In practice, as shown in FIGS. 1A and 1B, console 12 is located according to one
embodiment on external surface 18 of body cavity 16, while robotic device 14 is positioned such
that the device 14 can be positioned or controlled by console 12. In the embodiment of FIG. 1A,
robotic device 14 is positioned against internal cavity wall 20 of body cavity 16. This configuration
allows console 12 and robotic device 14 to be unconstrained by the entry incision while providing
the surgeon with a view of the surgical area. Console 12 can be used to control the robotic device
14 and further can move along the external surface 18 while robotic device remains substantially
fixed with respect to the console 12 such that robotic device 14 moves within the patient (such as
along internal cavity wall 20) and can be positioned at a desired location within body cavity 16 and
provide the user with alternative views and workspaces.

[052] FIG. 2A depicts a schematic diagram of the internal components of a further embodiment
of a surgical visualization and device manipulation system 29. Robotic device 32 is connected to
manipulators 34 via connection component 37, which connects robotic device 32 to console 38.
As used herein, “connection component” is intended to mean a wired or wireless connection
between at least two components of a surgical visualization and device manipulation system that
provides for the transmission and/or exchange of information and/or power between components.
Connection component 37 operably couples console 38 and robotic device 32 to allow for
communication between (1) imaging component (not shown) of robotic device 32 and visual
display 40 on console 38, such that images collected by imaging component {(not shown) can be
transmitted to console 38 and displayed on visual display 40, and/or (2) manipulators 34 and
robotic device 32, such that manipulation of manipulators 34 by the user results in operation or

control of robotic device 32.
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[053] According to one embodiment, connection component 37 is a wired connection such as a
wire, cord, or other physical flexible coupling. The wired connection is coupled at one end to
robotic device 32 and at a second end to console 38 (and particularly, to manipulators 34). For
purposes of this application, the physical or wired connection can also be referred to as “tethered”
or “a tether.” The wired connection can be any physical component that is flexible, pliable, or
otherwise capable of being easily formed or manipulated into different shapes or configurations.
According to one embodiment, the wired connection includes one or more wires or cords or any
other type of physical component operably coupled to the device 32 and console 38. The wired
connection is configured to transmit or convey power and/or data 36A, video 36B, or anything else
necessary or useful for operation of robotic device 32. In a further alternative, the wired
connection comprises at least two wires or cords or other such components, each of which are
connected to a separate external unit (which, in one example, are a power source and a data
transmission and receiver unit as described below).

[054] FIG. 2B depicts a schematic diagram of an alternative embodiment of a surgical
visualization and device manipulation system 30 in which connection component 37 is a wireless
connection. That is, in this embodiment, the robotic device 32 communicates wirelessly with
console 38 (and thus visual display 40 and manipulators 34). The wireless connection can also be

referred to herein as “untethered.” An “untethered device,” “wireless device,” or “wireless
connection” is intended for purposes of this application to mean any robotic device 32 that is fully
enclosed within the patient's body such that no portion of robotic device 32 is external to the
patient's body for at least a portion of the surgical procedure or, alternatively, any robotic device 32
that operates within the patient’'s body while not being physically connected to any external object
for at least a portion of the surgical procedure. In one embodiment, an untethered robotic device
32 transmits and receives data wirelessly, including data required for controlling robotic device 32.
In the wireless embodiment shown in FIG. 2B, robotic device 32 has an internal power supply,
along with a receiver 33A and transmitter 33B for wireless connection. In this embodiment the
console 38 has an internal power supply, along with a receiver 35A and transmitter 35B for
wireless connection. Alternatively, the console 38 can be powered using an external power supply
such as a walil outlet. The console 38, receiver 35A, and transmitter 35B form a communication
component 31 that is linked to the processor 48 and display 40. The receivers 33A and 35A and
transmitters 33B and 35B used with a wireless robotic device 32 as described herein can be any
known receiver and/or transmitter. For example, any known receiver and/or transmitter used in
remote vehicle locking devices, remote controls and mobile phones. In an exemplary
embodiment, robot commands are transmitted/received using a 900 MHz wireless transceiver chip
(NRF905-REEL), available from Nordic Semiconductor, located in Sunnyvale, CA, and video is
transmitted using a 2.4 GHz transmitter (LUV200M), available from Spyville.com, located in
Monterey, TN.

[065] FIGS. 3A, 3B, and 3C show a top view, a front view and a side view, respectively, of a
further embodiment of a system 50 positioned with respect to body cavity 52 of a patient. System

50 includes console 54 and robotic device 56 and creates a “virtual hole” or “virtual incision” effect
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when console 54 is positioned on external surface 58 of body cavity 52 and robotic device 56 is
held against internal surface 60 within body cavity 52 by console magnet 62. That is, visual
display 64 shows the visual image being collected by imaging component 66 of robotic device 56
within the patient’s body cavity 52 on console 54 and manipulators 68 are positioned relative to
visual display 64 such that first manipulator 68A and second manipulator 68B (collectively referred
to as “manipulators 68”) appear from the user’s perspective to be penetrating visua! display 64 and
body cavity 52 of a patient as best shown in FIG. 3A. The resulting effect for the user or surgeon
is that the user has the impression that he is looking directly into body cavity 52 and that he can
operate manipulators 68 to directly control first arm 70A and second arm 70B (collectively referred
to as "arms 70") and first end effector 72A and second end effector 72B (collectively referred to as
“end effectors 72") of robotic device 56 disposed within body cavity 52. Console 54 is thus able to
replicate open surgery by locating visual display 64 in front of the user and over body cavity 52
while manipulators 68 are at the hands of the user. The location of visual display 64 is similar to
the standard practice in non-robotic laparoscopic surgery, thereby adding to the realistic aspect of
the “virtual hole.” In addition, this positioning of console 54, visual display 64, manipulators 68,
arms 70 and end effectors 72 provides a more comfortable, ergonomically correct relationship
between the gaze direction of the user and the surgical site or task location. Using system 50,
manipulators 68 positioned on or near the patient's body seem to mirror or substantially duplicate
the look and feel of standard laparoscopic tool handles for the user, thereby building upon the
existing experience of laparoscopic surgeons and making the use of system 50 more intuitive. As
a result, a surgeon or other user experienced with standard procedures can easily begin using
system 50 without much acclimation or training required, if any at all.

[056] In one embodiment the robot is controlled in an open-loop system in which the surgeon
uses the console to command the robot movement without any arm or end-effector position
feedback except for video feedback from the imaging system. One example of an open-loop
control scheme relates to using the manipulators 68 to simply toggle between moving and
stationary positions. In this scheme, the robotic arms can only move at one speed and are either
commanded to move or not move. Therefore, the manipulators 68 can be moved in a direction to
engage the robotic arms to begin moving. The manipulators 68 can then be moved back to the
original position to stop the robotic arms from moving.

[057] The system depicted in FIG. 2A utilizes another open-loop control scheme. The positions
of manipulators 34 in this embodiment are measured using potentiometers 42. A “potentiometer”
can also be referred to as an “encoder.” Other methods for measuring the manipulator position
include optical encoders that use infrared light or other wavelengths in the spectrum or acoustical
encoders that measure sound. As used herein, “encoder” is intended to mean any device that is
capable of converting rotary or translational position to electronic pulses. Position data from the
encoder measurements allows for determining the position of each manipulator relative to the
console and velocities of the manipulators. This information can then be used to determine

commands for the robotic arms.
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[058] In FIG. 2A, each manipulator 34A and 34B in this embodiment includes three rotations
(one axially, two cross-axially) and one translation (up and down). Each of these motions are
measured. In this embodiment, the encoder position is transmitted as a digital signal to a
processor. Alternatively, the encoder position is transmitted as an analog voltage. In this
alternative embodiment, the encoder voltages outputted by the encoders 42 are then transmitted
to an analog-to-digital converter 44 before being sent to the processor 48. In one example shown
in FIG. 2A, the analog signals are digitized at 1000 Hz. These digitized signals are then
transferred, via a universal serial bus (USB) hub 46, to a processor 48. The software in processor
48 reads the positions of manipulators 34 (as a digital signal) from the USB hub 46 and determines
the motor commands to be sent to robotic device 32. In this embodiment, the encoder position
indicates if the robot arm should move and in what direction. This results in a binary control system
in which the actuation motors in the robot are commanded as “full on” forward, “full on” backwards,
or off. For example, arms on the robot (not shown) can be either commanded to move in a
specified direction, or not to move. There is no direct feedback from the actuators to the control
program in computer 48. Commands from computer 48 are sent to the actuators of robotic device
32 via a cable that tethers robotic device 32 to computer 48. In another embodiment, the
converter/lUSB hub/computer are all integrated into the console so that the robot has a single
tether from the console. In a further alternative embodiment, the tether is removed and replace by
a wireless system that transmits commands to the robot and video from the robot to the console
wirelessly as depicted in Figure 2B. In this wireless embodiment, the robot includes an onboard
power source such as a battery. In either the wired (FIG. 2A) or wireless (FIG. 2B) embodiment,
the commands received by the controller 45 are sent to an H-bridge 43 to provide a pulse width
modulated (PWM) signal to the actuators 41. The PWM signal represents the percentage of full
operating power at which the motor is instructed to operate. In this embodiment, the only feedback
from the robot to the console is the video image from the imager system (including the imager 47
and lens 49) onboard the robot 32. The NTSC video signal from imaging component 47 of robotic
device 32 is sent back through the cable to visual display 40 on console 38. In this open-loop
configuration, no robot position data is returned to the computer control program. The surgeon
observes what is happening to the robotic device by observing the display and this observation
allows the surgeon to command the robot to move in the direction desired.

[059] In a further alternative, the controller is a “closed-loop” controller system commonly used
in robotic technologies. As is understood, a closed-loop controller system is a system with a
controller that allows the user to provide specific instructions regarding a specific movement or
action and further provides for a feedback sensor that senses when the device completes the
specific movement or action. This system allows for very specific instructions or commands and
very precise actions. For example, in the embodiment in FIG. 3, the user may input instructions
into the controller that the device 56 should position the right arm 70B at a 30° angle with respect
to the body 66, and the right arm 70B then moves until the sensor senses that the arm 70B is
positioned at the desired angle. The feedback sensor can be a joint sensor, a visual sensor, or
any other known feedback sensor. A closed-loop controller system thus allows for utilizing very
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specific and precise control of a device, including very precise device positioning, trajectory
control, and force control. In one embodiment, the device could then be precisely operated in joint
space or Cartesian space. In this embodiment, the position of the manipulator and the robot arm
can be scaled so that the surgeon has finer control at the robot end effector.

[060] In addition, various control schemes are contemplated with respect to the end effectors as
well. For example, according to one embodiment, each manipulator 68A and 68B includes a
trigger for grasping, cauterization, suction/irrigation, or some other action at a device operational
component. In one embodiment, the trigger is binary and is used to turn cauterization, grasping,
suction, or irrigation on or off in an open-loop manner. Alternatively, the positional feedback from
the operational component and/or trigger is used to control the operational component in a closed-
loop manner so that the operational component closely matches input from the surgeon.

[061] Alternatively, the robotic device 56 may be controlled by any one of a number of control
schemes in addition to those described above, and the various types of manipulators 68 that are
available further broaden the options available for the interaction between the manipulators 68 and
the robotic device 56. In one embodiment, manipulators 68 are used like typical joystick
controllers such that repositioning (including rotation or translation) of either controller from a
nominal position causes an arm or component of the robotic device 56 to move in the
corresponding direction. In this embodiment, the velocity of motion of robotic device 56 or at least
one of its components {such as an arm) is controlled by the magnitude of the input applied to
manipulators 68, whereby increased rotation or movement of manipulators 68 causes robotic
device 56 or its components to move more rapidly.

[062] It is understood that any of the above control schemes and any other known robotic
controller technologies can be incorporated into any of the robotic devices disclosed herein.

[063]‘ According to another implementation, any robotic device described herein is connected via
a connection component not only to a console, but also to an external unit (i.e. a power source and
a data transmission and receiver unit) or one or more other robotic devices, such robotic devices
being either as described herein or otherwise known in the art. That is, according to one
embodiment, two or more robotic devices can be operably coupled to each other as well as to an
external unit. According to one embodiment in which there are two robotic devices, the two robotic
devices are operably coupled to each other and an external unit by a flexible wired connection or a
wireless connection. That is, the two robotic devices are operably coupled to each other by a
flexible wired connection that is coupled to each robotic device and each robotic device is also
operably coupled to an external unit by a flexible wired connection. In one embodiment, there are
three separate flexible wired connections: (1) a wired connection connecting the two robotic
devices, (2) a wired connection connecting one of the robotic devices to an external unit, and (3) a
wired connection connecting the other of the robotic devices to the external unit. Alternatively, one
wired connection is operably coupled to both robotic devices and an external unit. In a further
alternative, any number of wired connection may be used in any configuration to provide for

connection of two robotic devices to each other and an external unit.
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[064] Alternatively, the two or more robotic devices are operably coupled to each other as well
as an external unit in an untethered fashion. That is, the robotic devices are operably coupled to
each other and an external unit in a fashion such that they are not physically connected. In one
embodiment, the robotic devices and the external unit are operably coupled wirelessly.

[065] Alternatively, the visual display and manipulators need not be in physical contact or
physically adjacent to each other. That is, in one embodiment, the visual display and the
manipulators may be in completely different locations. In an exemplary embodiment, the visual
display may be positioned at eye level of the user such that the user need only look straight ahead,
while the manipulators are positioned adjacent to the patient’s body or elsewhere. Those skilled in
the art will appreciate that the location of the visual display may be anywhere within the view of the
surgeon.

[066] In a further embodiment, the console also does not need to be disposed in proximity with
the patient, or the robotic device. That is, a console as described herein may be at a completely
different geographical location and still be capable of operating in conjunction with a robotic device
via a connection component to perform a procedure on a patient. In an extreme example, a
surgeon could perform a surgery using a visualization and control system on a patient in a space
station orbiting the earth in which the surgeon on earth operates on the patient by controlling
manipulators while looking at visual display, thereby operating a robotic device disposed within the
patient in the space station. In such an embodiment, the robotic device can be positioned in the
patient using a magnetic component or some other type of attachment component that is
positioned in an appropriate location outside the patient's body. Further, it is understood that the
surgeon or user, despite being a different geographical location in relation to the patient, can utilize
the console in a fashion that substantially replicates or recreates the general “look and feel” of a
standard laparoscopic procedure. That is, the user can position the console with the manipulators
in front of the user on a table or other object such that the user is positioned in generally the same
fashion and utilizes the manipulators in generally the same fashion as if the user were in the same
room as the patient and performing a standard iaparoscopic procedure on that patient.

[067] A further embodiment of a visualization and device manipulation system 80 is depicted in
FIGS. 4A and 4B having a console 92 that can be used to operate a robotic device 80. The robotic
device 80 has two arms 82A, 82B (also referred to jointly as “82"). The use of two arms 82 allows
the device 80 to perform various procedures and tasks such as stretching and/or dissection tasks.
[068] [n accordance with one implementation, each arm 82 can have an operational component
(also referred to as an “end effector”) such as the operational component 88 coupled to arm 82A .
In the embodiment as shown in FIGS. 4A and 4B, the end effector 88 is a grasper 88. Further, the
robotic device 80 also has a camera 90. As such, the robotic device 80 of this embodiment can
provide for surgical vision and tissue manipulation.

[069] The console 92 is coupled with the robotic device 80 by a connection component 100 that,
according to one embodiment, provides one or more of power, command signals, and video. The
console 92 includes a display component 98 and two manipulators 96A and 96B (also referred to

herein as “joysticks”) that can be used to control the movement of the robotic arms 82 via
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operational coupling between each handle 96 and the corresponding arm 82. Various controls in
the form of switches, knobs, or any other type of input components (not shown) on the console 92
can be provided to allow the surgeon to control such things as camera focusing/zoom, illumination
levels, panning position of the camera 50, and/or any other components or controllable variables
relating to the robotic device 80.

[070] In one exemplary embodiment, the joysticks 96 are configured to operate or “feel” to the
surgeon like a standard laparoscopic tool. That is, the surgeon can move the joystick 96 in 4
degrees of freedom (“DOF”), just as standard laparoscopic tools inserted through trocar ports can
typically move in four DOF (3 rotations and 1 translation). As shown in FIG. 4B, three of the DOF
displayed by the manipulators 96 are rotations that include two off-axis rotations as depicted by
arrows E and F and one axial rotation identified by arrow G. The fourth DOF as depicted by arrow
H is a translation that allows the surgeon to extend the joystick. In this embodiment, the position of
joystick 96 is constrained to move only in these 4 orientations, and the position of the joystick 96
can be measured using a series of encoders coupled to the joystick 96 and the console 92. Using
these positions, the control algorithms in the computer system (not shown) in the console 92
determine the actuator commands and transmit those commands to the robotic device 90. Each of
the arms 82 in this embodiment as shown in FIG. 4B also allow the surgeon 4 DOF. That is, each
arm 82 has a rotational shoulder joint 84 that provides two degrees of freedom as shown by
arrows A and B, and a prismatic and rotational elbow joint 86 that provides arm extension and
rotation as shown by arrows C and D, respectively. Thus, the robotic device 80 receives the
command signals from the console 92 and actuates the appropriate arm 82 to move in the 4 DOF
in response to the similar movement caused by the user in the corresponding manipulator 96.
[071] FIGS. 5A and 5B depict another embodiment of a visualization and device manipulation
system 110 in which the console 112 has a single manipulator arm 114 that controls a single
robotic arm 116. According to one implementation, the one-armed robotic device 110 can be used
for a variety of surgical procedures and tasks including, but not limited to, tissue biopsy and tissue
retraction. For example, the grasper 118 can be used to retract the gall bladder during a
cholecystectomy procedure.

[072] FIGS. 6A, 6B, 6C, and 6D depict an alternative implementation of a visualization and
device manipulation system 120. FIG. 6A shows a front view of console 122 having manipulators
124A, 1248 (collectively referred to as “manipulators 124"). In this embodiment, each manipulator
124A, 124B is coupled to the console 122 with a carriage system 126A, 126B respectively
(collectively referred to as “carriage systems 126”). FIGS. 6B and 6C show two different
perspective views of manipulators 124 attached to console 122 by carriage system 126 and FIG.
6D shows an enlarged perspective view of carriage system 126B. As best shown in FIGS. 6A and
6D, each carriage system 126 includes two tracks 127, 128 and three carriage wheels 130, 131,
133. As shown in FIGS. 6A-6D, tracks 127, 128 are fixed to console 122 and connect
manipulators 124 to console 122. Each manipulator 124 has three carriage wheels 130, 131, 133
that are in contact with the tracks 127, 128 — two upper wheels 130, 131 in contact with the upper

track 127 and one lower wheel 133 in contact with the lower track 128. The upper and lower tracks
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127, 128 as shown in FIGS. 6A through 6D are positioned at a predetermined angle with respect
to the console 122 such that the movement of the wheels 130, 131, 133 along the tracks 127, 128
causes each of the manipulators 124 to rotate about an approximated axis 132 if the arms of the
manipulators 124 were extended through and beyond the console (which according to certain
embodiments would mean extending into the patient). In one embodiment, the approximated axis
132A, 132B of each manipulator 124A, 124B is coincident with or otherwise in generally the same
location as the actual shoulder joints 136A, 136B of robotic device 134 such that the manipulators
124 “seem” to the user to be directly connected to the robotic arms 138A, 138B.

[073] In an alternative implementation, the components of the carriage systems can be reversed
such that the tracks are coupled to the manipulators and the wheels are coupled to the console. In
this embodiment, the carriage wheels 130 rotate while track 128 moves about an approximated
axis 132 as shown in FIG. 1.

[074] Although FIGS. 6A-6D depict carriage system 126 as including one set of tracks 128 and
carriage wheels 130 in one plane, in alternative embodiments the carriage system may include any
number of sets of tracks and carriage wheels in any number of planes. In one embodiment, the
track is not held rigidly to the console, but is instead attached to a second set of carriage wheels.
This second set of carriage wheels is then affixed to a second track that is attached to the console.
In this embodiment, the first track/carriage wheel assembly allows for one rotation, while the
second track/carriage wheel assembly allows for a second rotation. This combination provides
both off-axis rotations that are common for laparoscopic surgical instruments during surgery.

[075] In another alternative embodiment, manipulators 140A, 140B (collectively referred to as
“manipulators 140”") may be connected to console 142 by offset planar hinge joints 144A, 144B as
shown in FIGS. 7A, 7B, and 7C. It is understood that offset planar hinge joints have been used in
the field of micro manipulation and further in the field of parallel robotics where multiple hinges are
joined together to form concentric multilink spherical joints. According to one implementation,
natural and realistic control of robotic device 146 is achieved by configuring each manipulator 140
to rotate about an approximated axis that is located generally at around the same location as the
respective shoulder joints 148A, 148B of robotic device 146. Thus, the use of the offset planar
hinge joints 144 allows for two off-axis rotations that generally replicate the rotations common for
laparoscopic surgical instruments.

[076] In one embodiment, offset planar hinge joints 144 are six-bar linkages including first bent
bracket 150A, 150B and second bent bracket 152A, 152B (collectively referred to as “bent
brackets 150, 152"), first straight bracket 154A, 154B and second straight bracket 156A, 156B
(collectively referred to as “straight brackets 154, 156”) and horizontal leaf 168A, 158B and base
leaf 160A, 160B (collectively referred to as “leaves 158, 160"). Leaves 158, 160 are similar to door
hinges because they allow for rotation about a single axis. Horizontal leaves 158A, 158B allow the
manipulators 140 to rotate axially as indicated by arrow C and translate up and down as indicated
by arrow D. Base leaves 160A, 160B are also free to rotate as indicated by arrow B about fixed
pins 162A, 162B. The six-bar linkage allows manipulators 140 to rotate along arrow A about the

approximated remote axis located generally in the same area as the device shoulder joints 148.
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These combined three rotations allow for the look and feel of traditional laparoscopy while the
console 142 and robot 146 are not physically connected.

[077] The offset planar hinge joint configuration as depicted in FIGS. 7A, 7B, and 7C allows for
rotation of the manipulators 140 about an approximated axis of rotation located generally in about
the same location as the robotic device shoulder joints 148. This kinematic configuration has been
implemented in other machine designs much like common levers. In this embodiment, the
approximated axis of rotation of each manipulator 140 being located generally at shoulder joints
148 causes the motion of manipulators 140 to generally mimic the motion of standard laparoscopic
surgical tools. In addition to allowing rotation about the approximated axes located generally at
about the same location as the shoulder joints 148, offset planar hinge joints 144 also allow for
each manipulator 140A, 140B to rotate about its respective axis and translate through horizontal
leaves 158.

[078] In some alternative embodiments, the approximated axis of rotation of the manipulators
140 with respect to console 142 is adjustable to account for variable skin thicknesses. This is
accomplished by moving the offset planar hinge joints 144 vertically or translationally away from
console 142 or adjusting the angle of the fixed pins 162. Those skilled in the art will recognize and
appreciate that this adjustment can also be in the form of an electronic setting which can be
calibrated for various thicknesses of the abdominal wall depending on the individual patient.

[079] Although many of the figures in this application depict the console as having two
manipulators, it is understood that the console may include any number of manipulators. For
example, the console may include two or more sets of manipulators with each set dedicated to a
different robotic device being used cooperatively within a body cavity of the patient. Alternatively,
the console or the manipulators may be capable of operating more than one robotic device. For
example, in one embodiment, the manipulators or the console is provided with a switch or any
other type of known input that allows the user to switch communications from one robotic device to
another, thereby switching operating control from one robotic device to another. This switch may
be a mechanical toggle-type switch on the console, or a footpedal on the floor. The switch could
also be integrated into a touchscreen on the console with the switching capability implemented in
software and activated by pressing a graphic on the console touchscreen interface. Thus, the
console and the manipulators may be used with one robotic device, two robotic devices, or any
number or combination of robotic devices that might be used together for a surgical procedure. In
addition, the console and the manipulators may be used to control not only the robotic devices
within the patient’'s body cavity, but also the robotic devices that are not disposed entirely within
the body cavity.

[080] In an alternative embodiment, the console may not include any manipulators. In
embodiments in which the console does not include any manipulators, a console magnet may be
used to move the robotic device around within the body cavity. In a further embodiment, the
manipulators and the console may be physically separate components.

[081] FIGS. 8A and 8B show an embodiment of a console 180 without manipulators. In this

embodiment, console magnet 182 is attached to a rear face 184 of console 186. Alternatively, as
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with any console disclosed herein, console magnet 182 may be two or more magnets positioned in
any configuration or location on console 186 so as to be able to be magnetically coupled with a
robotic device. In practice, console 186 is positioned on or adjacent to an external surface of body
cavity such that rear face 184 and console magnet 182 of console 186 are adjacent to the external
surface. In this position, console magnet 182 can interact with any robotic device disposed within
the patient's body and in certain embodiments can maintain the device in a position against
internal cavity wall of the body cavity.

[082] In one embodiment, the console 186 of FIGS. 8A and 8B is used to operate a robotic
device that has no arms. That is, the console 186 can be used to move a robotic device from one
point to another within the patient's body by moving the console 186 outside the body, and further
can have actuation components other than arms to operate the various kinds of robotic devices
that may be positioned inside the patient. Without being limiting, examples of the types of robotic
devices that could be operated with the console 186 include robotic camera devices such as those
disclosed in 11/766,683. In this embodiment, visual feedback from a robotic camera can be
displayed on the video screen 188. In further embodiments, the console 186 has non-arm controls
such as buttons or other types of actuators that allow the console 186 to be used with any robotic
device.

[083] Two further embodiments of consoles without manipulator arms are provided in FIGS. 9,
10A, and 10B. FIG. 9 shows a surgical visualization and device manipulation system 200 having
console 202, console magnets 204A and 204B (collectively referred to as “console magnets 204")
and magnetically-controlled robotic device 206. FIGS. 10A and 10B shows a surgical visualization
and device manipulation system 210 having console 212, first console magnet 214A and second
console magnet 214B (collectively referred to as “console magnets 214”) and magnetically-
controlled robotic device 216. Given that the consoles 202, 212 have no manipulators, the robotic
devices 206 and 216 are thus controlled by movement of consoles 202 and 212 and console
magnets 204 and 214, respectively, over body cavity 218.

[084] It is understood that any console embodiment disclosed herein can be used to position
and/or control any known robotic device that can be used for medical procedures.

[085] FIG. 11 depicts a surgical system 220 according to one embodiment in which the system
includes two consoles: one for the instructor 222 and another for the student 224. The two
consoles 226A, 226B are connected or otherwise coupled to a robotic device (not shown)
positioned within the patient's body. Each console 226A, 226B has a right manipulator arm 228A,
228B and a left manipulator arm 230A, 230B. Alternatively, each console 226A, 226B can have
one manipulator arm, no manipulator arms, or any other configuration as described herein with
respect to the various console embodiments. In this embodiment, the commands provided at the
student console 226B can be bypassed for various purposes such as preventing the end effectors
from damaging tissues.

[086] As shown in FIG. 11, the two consoles 226A, 226B are connected to the in vivo surgical
robot used inside the patient. The connection between each of the consoles 226 and the robotic

device (not shown) can be any connection as described herein. It is understood that the consoles
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226 can be positioned anywhere. In one embodiment, the consoles 226 are positioned directly on
the patient 232. Alternatively, they can be positioned beside the patient 232. For example, in one
embodiment in which they are positioned beside the patient 232, both consoles 226A, 226B are
placed on stands similar to music stands. It is further understood that when the consoles 226 are
positioned beside or in the same room with the patient 232, the consoles 226A, 226B can be
positioned such that the users 222, 224 at the consoles 226A, 226B are facing the patient 232. In
one embodiment, the consoles 226A, 226B can be positioned side by side. Alternatively, the
consoles 226A, 226B can be positioned in any orientation in the room with the patient 232.

[087] In accordance with one implementation as discussed above, both consoles 226 are
positioned in the same room as the patient. Alternatively, one console is positioned in the same
room as the patient and the other console is positioned somewhere else such as another room in
the same building or elsewhere in the same country or elsewhere in the world. In a further
alternative, both consoles 226A, 226B are positioned elsewhere outside the room containing the
patient 232. As a result, the surgeon 222 and/or the student 224 can operate a console remotely,
including from a different location in the world.

[088] One embodiment of the system depicted in FIG. 11 enhances patient safety. That is, the
system makes it possible for multiple hands or multiple operators to have access to the
instruments at the same time while also allowing the instructor 222 to disconnect (or “freeze”) the
student’'s console 226B from the robotic device (that is, disconnect the communication between
the student’'s console 226B and the robotic device such that commands cannot be sent from the
student's console 226B) by the touch of a pedal 234 or button (not shown). In this way, the
instructor 222 can take over control of the robotic device during surgery if/when necessary.

[089] In accordance with another implementation, the console manipulators 228, 230 (also
referred to as “manipulator handles,” “handles,” or “joysticks”) not only have position encoders
(used to determine the joystick positions) connected to them as described with other console
embodiments discussed above, but the consoles 226A, 226B can also have actuators {not shown)
configured to drive the handles 230, 228. That is, the actuators are coupled to the handles 230A,
228A such that the actuators can be actuated to move the handles 2308, 228B. According to one
embodiment, the actuators on the second console 226B can be coupled with the first console
226A such that manipulation of the handles at the first console 226A can cause the actuators at
the second console 226B to actuate the handles 228B, 230B. Thus, one implementation provides
for a master-slave relationship between the two consoles 226A, 226B. It is understood that this
master-slave relationship could operate in either direction, so that either the manipulators 230A,
228A at the first console 226A are controlling the manipulators 230B, 228B at the second console
226B or vice versa.

[090] According to one embodiment, the master-slave connection implementation described
above with respect to the consoles 226 can allow the student to observe the instructor's motions
during surgery. That is, the movement of the handles 230A, 228A at the instructor’'s console 226A
causes the handles 230B, 228B at the student's console 226B to move in the same way, thereby
allowing the student 224 to observe the movements of the handles 230B, 228B. Similarly, when
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the student 224 takes control, the instructor's console 226A can become the slave console. That
is, the handles 230B, 228B of the student’'s console 226B can be coupled to the handles 230A,
228A of the instructor's console 226A such that movement of the student console handles 230B,
228B actuates similar movement of the instructor's console handles 230A, 228A so that the
instructor 222 can observe or maintain a “feel” for what the student 224 is doing. In accordance
with one alternative embodiment, the instructor's console 226A can also have a pedal 234, button,
or any other kind of component (not shown) as also discussed above for disconnecting the student
console 226B from the end effectors 184, 186 or otherwise disruption communications between
the student console 226B and the in vivo device (not shown). Thus, the instructor 222 can
observe the student’s 224 actions via the master-slave connection between the consoles 226A,
226B and, if necessary, actuate the disconnection pedal 234 to easily take over the surgery.

[091] It is understood that the linked consoles as described above could include any number of
consoles with a central command for controlling which console has control over the in vivo surgical
robotic device. In accordance with another implementation, commands from multiple consoles can
be used together to command the robotic device. In this embodiment, the multiple commands can
be scaled to allow the instructor to slowly allow more control for the student.

[092] FIGS. 12A and 12B depict a surgical system 240 according to another embodiment in
which the instructor console depicted in FIG. 12A is configured to allow the user to touch a pen
242 (or any pen-like instrument or even the user’s finger) on the screen 244 to provide information
and/or instructions that appear on the student console 258, shown in FIG. 12B. The instructor
console 246 can also be referred to as the “first console” or “primary console,”, while the student
console 258 can also be referred to as the “second console” or “secondary console.” In this
implementation, the system 240 is configured such that the instructions drawn on the screen 244
in FIG. 12A appear on the student’s screen 260 in FIG. 12B. In one embodiment, the instructor
248 can use this system 240 to easily communicate with the student 262. For example, the
instructor 248 could easily illustrate important surgical features and point to sites of interest.

[093] It is understood that that the user 206 of the primary console 246 need not be an
instructor, but rather can be any user who can or wants to enter information at the primary console
246 such that it appears on the secondary console 258. It is also understood that, according to
one alternative implementation, the entry of information on one screen and appearance on the
other screen can operate in either direction, so that information entered on either screen appears
on the other.

[094] It is also understood that the technology discussed above with respect to FIGS. 12A and
12B can be used with standard laparoscopic surgery using standard tools or it can be combined
with the use of in vivo robotic devices as shown in FIG. 12B.

[095] When used with standard laparoscopic technology, according to one embodiment, the
surgeon 206 provides the information using the pen-like instrument 242 on a touch screen monitor
244 that may or may not include the video feed from the laparoscope. This input is then overlaid
onto or otherwise appears on the monitor or screen 260 the surgical team is using. In this

embodiment, the input touch screen 244 further allows the instructor 206 to erase any markings or
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clear the screen 244. Furthermore, the system 240 also allows segments of the procedure (or the
entire procedure) to be saved. These segments could include video, audio, and instructions drawn
on the screen 244. This allows the instructor 206 or student 262 to review the surgery or even
replay the surgery using either console 246, 258 in slave mode.

[096] In one embodiment, the touch screen 244 used in the above systems is a Touchscreen
tablet notebook such as the Pavilion TX1000Z by Hewlett Packard located in Palo Alto, CA. In an
alternative embodiment, the touchscreen is a Touchscreen overlay such as the MagicTouch
touchscreen by Mass Multimedia, Inc., located in Colorado Springs, CO. In one embodiment, the
communication between screens is transferred via USB technology, while in another embodiment
the student screen 260 is a second screen operating from the instructor tablet notebook using a
standard 9-pin monitor output. In a further alternative, the touch screens utilized in the various
embodiments of the above system can be any known touch screen known in the art.

[097] FIG. 13 depicts a further embodiment of a surgical system 280 having a stabilization
system 282. The stabilization system 282, according to one embodiment, allows the console 288
to be stabilized and/or fixed in place. Such a stabilization system 282 can reduce instability of the
surgical environment caused by the weight of the console 288 and manipulators 294 and/or the
force applied by the surgeon during use that can result in rocking and movement of the console
288 and handles 294 in relation to the patient's body and/or the device 298 disposed within the
patient’s body.

[098] As shown in FIG. 13, the system has two linkages 284. One end of each linkage 284 is
attached to the console 288, and the other end of each linkage 284 is attached to a base 290.
Alternatively, the linkages 284 can be attached to the manipulator arms 294 or any other portion of
the visualization and control system 280.

[099] The base 290, according to one embodiment, is a platform, table (including, for example,
an operating table), gurney, stand, or a cart. Alternatively, the base 290 is a translating
component that is coupled to and configured to translate along the operating table or other similar
object in a treatment area, such that the stabilization system 282 can move back and forth next to
or along the side of the patient. In a further alternative, the base 290 is the floor or any other
stable object. The attachment via the linkages 284 of the conscle 288 to the base 290 provides
stability to the component 288. In yet another alternative, there is no base and the linkages 284
are attached or coupled to the patient in some fashion. For example, in one embodiment, the
linkages 284 can be attached to a strap or other object around the patient's leg or waist or any
other type of object that is attached or coupled to the patient.

[0100] In one aspect, the linkages 284 further provide the surgeon with the ability to grossly
position the robot 298 inside the patient’'s body and then lock the system 282 into an appropriate or
desired position for the procedure. In one implementation, the base 290 provides absolute rigidity,
or alternatively it provides various amounts of damping to the movement of the system 282.
Further, the system 282 can be subsequently unlocked to allow the surgeon to reposition during
the procedure or remove the system 282.
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[0101] The linkages 284 can be any structures capable of attaching and stabilizing the system
280 and the base 290. In one alternative embodiment, the linkages 284 have clamps (shown
schematically as 292) that assist with attachment to the base 290.

[0102] In another embodiment, the linkages 284 further have one or more joints (shown
schematically as 286) that allow the linkages 284 to be reconfigured or repositioned as needed.
Such joints 286 can be lockable such that they can be positioned and then fixed into place.
Further, the joints 286 can also provide for variable amounts of damping.

[0103] According to one embodiment as shown in FIG. 13, the stabilization system 282 has two
linkages 284. Alternatively, the system can have one linkage or more than two linkages. The
number of linkages can vary depending on the patient's size, the procedure being performed,
and/or the specific procedural equipment (including the specific robotic devices) being used.

[0104] The mechanical joints, linkages, and attachment clamps of system 282 can be
manufactured from metal or polymers or any other known material used in medical devices.
Further, the linkages 284 can be rigid or deformable. In embodiments in which the linkages 284
are deformable, the joints 286 can be adjusted for gross positioning while fine positioning is
attained by deforming or bending the linkages to allow for precise position of the visualization and
control system.

[0105] Any robotic device configured for use within a patient’'s body cavity may be used with one
or more of the various surgical visualization and device manipulation systems described herein.
As used herein, “robotic devices” is intended to mean any device that may be used
laparoscopically or endoscopically during a surgical procedure. Some of the various robotic
devices that may be used with the systems disclosed herein include, but are not limited to, any one
or more of the devices disclosed in copending U.S. Patent Applications 11/932,441 (filed on
October 31, 2007 and entitled “Robot for Surgical Applications”), 11/695,944 (filed on April 3, 2007
and entitled “Robot for Surgical Applications”), 11/947,097 (filed on November 27, 2007 and
entitled “Robotic Devices with Agent Delivery Components and Related Methods), 11/932,516
(filed on October 31, 2007 and entitled “Robot for Surgical Applications”), 11/766,683 (filed on
June 21, 2007 and entitled “Magnetically Coupleable Robotic Devices and Related Methods”) and
11/766,720 (filed on June 21, 2007 and entitled “Magnetically Coupleable Surgical Robotic
Devices and Related Methods”), 60/890,691 (filed on February 20, 2007), 60/949,391 (filed July
12, 2007), 60/949,390 (filed July 12, 2007), 60/956,032 (filed August 15, 2007), 60/983,445 (filed
October 29, 2007), 60/990,062 (filed November 26, 2007), 60/990,076 (filed November 26, 2007),
60/990,086 (filed November 26, 2007), 60/990,106 (filed November 26, 2007), and 60/990,470
(filed November 27, 2007), all of which are hereby incorporated herein by reference in their
entireties.

[0106] In an exemplary embodiment, the robotic device can be a natural orifice translumenal
endoscopic surgical device, such as a NOTES device. Those skilled in the art will appreciate and
understand that various combinations of features are available including the features disclosed

herein together with features known in the art.
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[0107] FIGS. 14A and 14B show one embodiment of robotic device 300 for use with one or more
of the systems disclosed herein, in an unfolded position and a folded position, respectively. FIGS.
14A and 14B will be discussed in conjunction with one another. Robotic device 300 includes
device magnet (not shown), body 302, first arm 304A and second arm 304B (collectively referred
to as “arms 304"), first shoulder joint 306A and second shoulder joint 306B (collectively referred to
as “shoulder joints 306), first elbow joint 308A and second elbow joint 308B (collectively referred
to as “elbow joints 308"), first end effector 310A and second end effector 310B (collectively
referred to as “end effectors 310") and imaging component 312. Here the shoulder joints 306 are
rotatable in two directions, the elbow joints 308 are translational in one direction, and the end
effectors 310 are rotational in one direction. In one embodiment, device magnet (not shown) can
interact with an external magnet such as a console magnet to position the robotic device 300
within a patient and in spatial relation to the console in similar fashion to the implementations
discussed above.

[0108] The upper (or “first”) portion of first arm 304A is pivotally connected to body 302 by first
shoulder joint 306A. Further, the lower (or “second”) portion 314A of the first arm is translationally
coupled to the upper portion 304A at the first elbow joint 308A. First end effector (or “operational
component”) 310A is rotationally attached to the lower portion 314A. Likewise, the upper portion
of second arm 304B is pivotally connected to body 302 by second shoulder joint 306B, while the
lower portion 314B is translationally coupled to the upper portion 304B at the second elbow joint
308B. Second end effector 310B is rotationally attached to the lower portion 314B. The
connections of arms 304 to body 302 allow arms 304 to rotate about an axis perpendicular to the
length of body 302 and further about an axis parallel to the length of the body 302.

[0109] In accordance with one embodiment as best shown in FIG. 14B, each arm 304 has 4
degrees of freedom (DOF) so that the motion of end-effectors 310 is similar to the motion of
standard laparoscopic tools (three rotations and one translation). Each arm 304 can rotate around
an axis perpendicular to the length of the body 302 as shown by arrow A (wherein the rotation is
also referred to as “yaw"), and further can rotate around an axis paralle! to the body 302 as shown
by arrow B (wherein the rotation is also referred to as “pitch”). In addition, each arm 304 can rotate
at the end effectors 310 around an axis parallel to the arm 304 as shown by arrow C (wherein the
rotation is also referred to as “roll’). Finally, each arm 304 can also be extended translationally by
the extension of the lower portions 314 as shown by arrow D to lengthen the reach of the end
effectors. In this embodiment, the lengthening or translation D is accomplished using a prismatic
joint which is referred to here as the elbow joint. Using robotic device 300 with arms 304 having
the same degrees of freedom as standard laparoscopic tools in conjunction with a console having
manipulators according to various embodiments disclosed herein allows the user to operate the
manipulators in a manner that substantially replicates the movement of standard, non-robotic
laparoscopic tools. While various specific robotic devices may be shown herein, it is to be
appreciated that numerous robotic devices with arms or end effectors having various degrees of
freedom are available. In a further embodiment, it is understood that the consoles disclosed

herein can also be used with various robotic devices having no arms or end effectors.
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[0110] Lower portions 314 of arms 304 are fitted with end effectors 310 that are extendable and
retractable from upper arm portions 304. The design of end effectors 310 are based on existing
standard hand-held laparoscopic tools. As used herein, “end effector” is intended to mean any
component that performs some action or procedure related to a surgical or exploratory procedure,
and in particular any device that can perform, or assist in the performance of, any known surgical
or exploratory laparoscopic procedure. An end effector can also be referred to as an “operational
component”. In one aspect, the one or more end effectors 310 assist with procedures requiring
high dexterity. In currently known standard techniques, movement is restricted because passing
the rigid laparoscopic tool through a small incision restricts movement and positioning of the tool
tip. In contrast, a robotic device having an operational component inside a body cavity is not
subject to the same constraints. Examples of end effectors 310 include, but are not limited to:
clamps, scalpels, any type of biopsy tool, graspers, forceps, staplers, cutting devices, cauterizing
devices, suction/irrigation devices, ultrasonic burning devices or other similar component. It is
understood that the end effector can be any end effector, including interchangeable end effectors,
as disclosed in any of the patents or applications disclosed herein or any other known end effector
used in robotic devices for medical procedures. In addition, it is understood that these devices can
also include any additional components useful in operating the end effectors, such as actuators, as
known in the art and/or described in the incorporated patents or applications.

[0111] Robotic device 300 can provide two dimensional visual feedback, three dimensional visual
feedback or stereoscopic imaging to a surgeon via imaging component 312. According to one
embodiment, imaging component 312 (also referred to herein as a “camera”) is disposed on a
center portion of body 302 of robotic device 300. It is understood that imaging component 312 as
used herein is intended to mean any device for capturing an image. Imaging component 312
provides visual feedback of body cavity to a visual display on a console (such as, for example, the
console 12 of FIG. 1). Various embodiments of imaging component 312 include, but are not
limited to: a camera providing real-time video to the user through visual display, a stereo camera
that creates a three-dimensional image, a complementary metal oxide semiconductor (*CMOS")
digital image sensor, a square 7 mm camera, any small camera similar to those currently used in
cellular or mobile phones, any imaging device currently used in or with endoscopic devices, a pan-
and-tilt camera, and any device that provides a sufficient depth of field to observe the entire
abdominal cavity. An exemplary embodiment of a complementary metal oxide semiconductor
("CMOS") digital image sensor is Model No. MT9V125 from Micron Technology, Inc., located in
Boise, ID. Further, any imaging component disclosed in any of the patents or applications
incorporated herein can be incorporated into any device used with systems and devices discussed
herein. Although FIGS. 14A and 14B depict imaging component 312 disposed on the center
portion of body 302 of robotic device 300, imaging component 312 may be disposed on any
portion of body 302 or robotic device 300.

[0112] Imaging component 312, in one implementation, can also include a light component (not
shown) configured to light the area to be viewed, also referred to as the “field of view.” Light

component can be positioned proximate to any imaging component and end effectors to provide
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constant or variable illumination for the imaging component so that the view of the area of interest
{such as, for example, the surgical site) is improved or the viewing area is increased. Light
component illuminates the field of view of the surgical site, thereby facilitating operation of any
robotic device and/or any other devices being used in conjunction with such robotic device. In one
example, lighting component is a light emitting diode (LED) light. in another example the lighting
component can be a fiber optic filament or cable with light source outside of the patient and
transmitted to the robot via a fiber optic cable. in a further alternative, lighting component can be
any suitable illumination source, including any such source as disclosed in any of the patents or
applications incorporated herein. Although imaging component 312 is discussed as including only
one light component, imaging component 312 may include any number of light components. In an
exemplary embodiment, the light component may include two 5§ mm LEDs.

[0113] Robotic device 300 can be inserted into or positioned in a body cavity in many ways,
including the use of a standard laparoscopic port or a natural orifice approach or any other method
known in the art or disclosed in any of the patents or applications incorporated herein. In one
embodiment, arms 304 of robotic device 300 are partially disconnected by disconnecting magnets
326A and 326B from magnets 328A and 328B, respectively, at each of shoulder joints 306A and
306B. This increases the level of rotation of arms 304 and allows robotic device 300 to take a
linear but flexible structure so that it can be more easily inserted into body cavity. Robotic device
300 can then be assembled once inside the body cavity. This assembly involves attaching magnet
328A to 326A and magnet 328B to 326B.. In one example the surgeon can actively perform this
assembly using other tools. In another example the arms are spring loaded to move to this
position after insertion.

[0114] It is understood that the robotic device 260 depicted in FIGS. 14A and 14B contains
various motors and other internal components for operation of the device similar to those disclosed
in U.S. Application 11/766,683, entitled “Magnetically Coupleable Robotic Devices and Related
Methods,” filed on June 21, 2007, which is incorporated by reference above. It is also understood
that this device is merely exemplary of the many robotic devices that can be used with the
visualization and control systems disclosed herein.

[0115] While multiple embodiments are disclosed, still other embodiments will become apparent
to those skilled in the art from the following detailed description, which shows and describes
illustrative embodiments. As will be realized, the embodiments are capable of modifications in
various obvious aspects, all without departing from the spirit and scope of the invention.
Accordingly, the drawings and detailed description are to be regarded as illustrative in nature and

not restrictive.

Example 1
[0116] The following is an exemplary kinematic design of the motion of one embodiment of a
NOTES robotic device that can be used with any console as disclosed herein. The design is
merely exemplary of one particular embodiment of a robotic device and is not intended to be
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limiting in any fashion, as any number of robotic devices can be used in conjunction with a
console, as discussed above.

[0117] This particular design begins with a kinematic model of the robotic device, as shown in
FIG. 15A. Here the kinematic model of the NOTES robot is shown overlaid on the robot schematic
in FIG. 15A. The robot is a 2-DOF planar manipulator with a rotational shoulder joint A and
prismatic arm B denoted by joint variables 8,and a;, respectively.

[0118] The Denavit-Hartenberg parameters for the robot are shown in Table 1. The parameter aq,
defines the angle of rotation of the robot with respect to a universal frame {0} that is used to
introduce gravity. Parameters a, and a; are constants defining the body width and offset of the

end-effector with respect to the axis of rotation of the shoulder joint, respectively.

TABLE 1
DENAVIT-HARTENBERG PARAMETERS
i a. a_ o di
1 a 0 0 0
2 0 a 02 0
3 0 a -90 0
4 0 a 90 0

[0119] Using the general kinematic model and the Denavit-Hartenberg parameters, the equations
that describe the location [x, y] of the end-effector 332 with respect to frame {1} are defined in
Equation 1 and used to derive the Jacobian of the robot as given in Equations 2 and 3. The
position of the end effectors 332 with respect to frame {1} is denoted as ’Po,g4.

. csl a, + SH, a, +aq, X S, = Sln(l)
[0120] Equation 1: P, ,= = .
’ S8, 4, =€, 4, y ¢ = COS(I)
0
[0121) Equation 2: J(q,,9,)=J(0,,a,)= g_. 'pwa
d,
-s, 4,tc, a ¢,
IJ — 2 £ '
[0122] Equation 3. Co ¥ Sy &5,

[0123] Inverse kinematic equations for joint variables a, and 6, are obtained by solving (1).

Equation 4 lists the inverse kinematic equation that describes variable a,, while Equation 5 lists 6,.
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_ [.2 2 22
[0124] Equation 4. @ =\ +y ~2xa, +a’ ~a,

2

xa, +ya, —a,a a,\x-a,)-ya
0, = arctan?2 3 2)’2 1 32’ 22(2 1) ysz
x“+y"=2xa, +a; x"+y°-2xa, +a

[0125] Equation 5:

[0126] The geometry of the shoulder joint is given by the kinematic model of an offset slider crank
mechanism, shown in FIG. 15B. Distance, e, is the offset distance from the line of action of the
slider 334 to the axis of rotation A of the arm 340 with respect to the main body 338, and distance,
S, is the location of the slider 334 with respect to the axis of rotation A. The distance L1 is the
length of the linkage 336 between pins 344 and 346.The distance L2 is the length between the
axis of rotation A and the pin 344. Position and velocity equations derived from the above
configuration can be solved for slider position and velocity as functions of crank position, ¢, and

angular velocity ¢ . Equation 6 describes the slider position s, while Equation 7 describes the

slider velocity s .

. \/ ( e+ L, cosep jz
s=Lsing+L |l-| ———
[0127] Equation 6: L

L,sing (e+L,cosp)

s=¢| L, cosp+

L, \/1_[51chos¢jz
[0128] Equation 7: L

[0129] Open-loop control tests were performed with the NOTES robot for a Cartesian straight line

path. Using a linear function with parabolic blends and assuming a maximum allowable velocity, a
path was planned in Cartesian space. The Cartesian path was converted to joint space using the
inverse kinematic relationships, and the inverse of the Jacobian, all described above in Equations
1 through 7.

[0130] A path from P1=(0,60) to P2=(40,85) (mm) in Cartesian space was generated, as shown in
FIG. 15C. Joint variable 6, was then converted to actuator space, where velocity was linearly
related to motor speed, using the equations derived for the offset slider-crank mechanism
(Equations 6 and 7).

[0131] Using the generated actuator space velocity traces, six open-loop tests were performed. A
comparison of the planned path and the actual paths is shown in FIG. 15D. The mean of the
actual paths is given as a dotted line with an envelope containing all paths. While the open-loop

tests closely follow the desired path, feedback control will improve system performance.

Example 2
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[0132] The following is an exemplary design of the motion of one embodiment of the shoulder
joint of a NOTES robotic device. Here, a departure from typical joint designs was required
because of a desire to keep the arm in plane with the body of the robotic device. One example of
a kinematic model of the shoulder joint of the NOTES robotic device is shown in FIG. 16. In the
present mechanism a powerscrew applies a force (F;) to a slider constrained to move only in the y-
direction. The slider mechanism is coupled to the robotic arm (ac) by a link (bd) with rotational
degrees of freedom at each end. Length (ab) is constant and defines the length of the arm from
the rotation point (a) to the linkage pin (b). Length (ad) represents the distance between the the
rotation point (a) and the slider (d) Angle 8, is the angle between (ab) and (ad).For this particular
example, link lengths of the model are shown in Equations 8-11.

[0133] Equation 8: ab =1

[0134] Equation 9 : ac = a, ..
[0135] Equation 10: ad =r

[0136] Equation 11: bd =d

[0137] Using these lengths, equations for the amount of force from the slider (Fs) that can be
translated through the mechanism to the end-effector in the x or y-directions can be derived and
are given by Equations 12 and 13 where F, is the amount of force in the x-direction and F, is the

amount of force in the y-direction.

2F1 2
[0138] Equarion 12: F, = =~ tan (g, )~

a3 max

[0139] Equation13: F 2K -
uation N =
1 S . (a’z—lz)w2

[0140] In the present kinematic configuration, a very large mechanical advantage is achieved

when link bd nears perpendicular to link ad, which is only possible when the ratio of d to | is less
than one. Mathematically, at this point the applicable forces (Fx) are infinite. However, when the
ratio of d to | is less than one, the range of motion of the shoulder joint becomes limited, with a
ratio of d/l of 0.9, yielding a maximum angle of rotation of 65 degrees. In this example, in order to
achieve both a large range of motion and the mechanical advantage of the linkage configuration, a
d/l ratio of 1 was used. With this ratio, Equations 12 and 13 simplify to Equations 14 and 15

respectively, which were used to determine link length.

2F1
[0141) Equation 14: F = s tan(el)
a3 max
. 2F1
[0142]) Equation 15: Fy = s
a3max

Example 3
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[0143] The following is an exemplary design of the motion of one embodiment of the manipulators
of the console. In this example, laparoscopic tool handles are used to control the movement of the
NOTES robotic device. Natural and realistic control of the robotic device was achieved by
requiring the laparoscopic tool to rotate about the same point as the robotic arm. This point is
shown to be physically the same point; however, this point could be a virtual point. Relative
motion with respect to the virtual point when the virtual point is not physically in the same location
for both the console and the robotic device would create the same effect.

[0144] In the present example, an “offset planar hinge” similar to that shown in U.S. Patent No.
5,657,584 was used. The linkage allows the manipulators to rotate about a remote point. An
example of an offset planar hinge joint is shown in FIG. 17. The offset planar hinge joint shown in
FIG. 17 is similar to offset planar hinge joint shown and described in the discussion of FIGS. 7A
and 7B. A kinematic representation of the offset planar hinge joint in the present example is
shown in FIGS. 18A and 18B. Equations 16-22 describe the geometry of the linkage. The lengths

of the links between pins are listed as the two pin labels (ie. ab is the distance between pin a and
pin b). Many of the links are of the same length and are grouped as either members of links L4, L,

or Ly The angle ¢ is the angle between links /2 and /4.

L
[0145] Equation 16: ¢ = tan “1(23—)
1

[0146] Equation 17: 55:25:J=ﬁ:§=}%=g
L,

[0147] Equation 18 ce=df= fg=hi=—2—

sinlg)

[0148] Equation 19: ac=bd =gk =ij = L,
[0149] Equation 20:  ac || cd || ef || ce || df
[0150] Equation 21:  fh|| gi || jk

[0151]) Equation 22:  fg || hi

[0152] Equations 20-22 list which links are parallel. With these relationships, the distance from
point d to g can be found. This distance is used to determine the maximum rotation of the linkage
in the present example. The distance is given in Equation 23 and simplified to Equation 26.

— L, {cos& + cos q

0153] Equation 23: dg = .
fo1s3l £q & sing| sind —sing

L,

\/le + L32

L’ + L}

[0154] Equation 24:  sing =

[0155] Equation 25: cos¢ =
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L

cosl + ——>t

2 2

[0156] Equation 26: dg = le + L} \/Z;Ta
sin@ - 3

VL + L]

[0157] Using the kinematic model, the maximum relative rotation of the leaves in the present
example will occur when the distance from point d to g is equal to zero, and a maximum bracket

rotation (Bmax), for the present example, can be found.

[0158] Equation 27: ]d_él =0

[0159] Equation 28:  cosd_, + —L‘—z =0
L'+
. L
[0160] Equation 29:  sinf,, - & =0
L’ +L]
1 3
. L
[0161] Equation 30: tanf = I
!

[0162] Equation 31: O, . =7—¢

[0163] The relationship between bracket rotation and leaf rotation for the present example is
given by Equation 32. Substituting for maximum bracket rotation above will yield maximum leaf
rotation, as shown in Equation 33.

[0164] Equation 32: a=0-¢—x
r
[0165] Equation33: «,, = 3 2¢

[0166] In the present example, the design and positioning of the offset planar hinge joints are
based on several factors. In order to keep the offset planar hinge joints reasonably sized, the
offset angle of the base leaf was set on the order of 30°. In this example, the maximum rotation of
the manipulators is limited by the offset angle, however designing for larger maximum leaf rotation
will allow for sufficient rotation of the manipulators. Measurement of the position of the
manipulators allows for use as controllers for the robotic device. As previously shown, rotation of
the manipulators is directly related to bracket rotation (Equation 32). In the present example, this
rotation can be measured using potentiometers. Further, rotation of the offset planar hinge joints
about the connecting pin to the console is also done using potentiometers. These two
measurements allow for the position of the manipulators to be determined. Translation of each of
the manipulators about its axis can be determined using mechanical switches or linear
potentiometers. Furthermore, the squeezing and releasing of the handles of the manipulators is
monitored. Those skilled in the art will recognize and understand that various sensors are

available in the art for monitoring and measuring rotation, transiation, pressure, and force.
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[0167] The surgical visualization and device manipulation system generally inciudes a console
having a visual display and a set of manipulators, a robotic device positioned within a body cavity
and a connection component operably connecting the console and the robotic device. The system
provides a “virtual hole” effect by displaying images captured by the robotic device on the visual
display. The console may be positioned directly over the body cavity such that as the images of
the body cavity are being fed to the visual display, the surgeon feels as if he is looking directly into
the body cavity of the patient. The surgeon can then operate and control the manipulators as if the
manipulators were connected to the robotic device positioned within the body cavity at the surgical
site. In addition to providing a “virtual hole” effect, the system also allows a surgeon to perform a
procedure on a patient located at another location. As the surgeon views visual display and
operates manipulators, the robotic device responds to the movements of the manipulators and
performs the movements dictated by the surgeon through the manipulators.

[0168] Although the surgical visualization and device manipulation system has been described
with reference to preferred embodiments, persons skilled in the art will recognize that changes
may be made in form and detail without departing from the spirit and scope of the invention.
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Claims

What is claimed is:

1. A surgical system comprising:

a console comprising a visual display and at least one manipulator arm;

a robotic device comprising a camera configured to transmit visual images to the visual
display, wherein the robotic device is configured to be positioned completely
within a body cavity of a patient; and

a connection component operably coupling the console and the robotic device.

2. The system of claim 1, wherein the console further comprises a console magnet
and the robotic device further comprises a device magnet capable of magnetic communication with
the console magnet.

3. The system of claim 1, wherein the manipulator arm is operably coupled to the

robotic device via the connection component.

4, The system of claim 1, wherein the connection component is a wireless

connection component.

5. The system of claim 1, wherein the manipulator arm is positioned relative to the
visual display so as to appear to be penetrating the visual display.

6. The system of claim 1, further comprising a stabilization component coupled to the

console.

7. A surgical system comprising:

a first console comprising a first visual display;

a second console comprising a second visual display and two second console
manipulator arms;

a robotic device comprising a camera configured to transmit visual images to the first and
second visual displays, wherein the robotic device is configured to be positioned
completely within a body cavity of a patient; and

a connection component operably coupling the first console, the second console and the

robotic device.
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8. The system of claim 7, wherein the first console further comprises two first
console manipulator arms and a manipulator control switch, wherein the two first console
manipulator arms are operably coupled to the robotic device, wherein the manipulator control
switch is configured to disconnect communication between the two second console manipulator
arms and the robotic device.

9. The system of claim 7, wherein the first visual display comprises a touch screen
configured to record information based on contact with the touch screen, wherein the system
further comprises a pen configured to be contactable with the touch screen to record information.

10. The system of claim 9, wherein the second visual display is configured to display
the information recorded at the first visual display.

11. The system of claim 7, wherein the first console further comprises two first
console manipulator arms, wherein the two first console manipulator arms are operably coupled to
the two second console manipulator arms, whereby the two first console manipulator arms are
configured to control the first and second manipulator arms.

12. A robotic system for medical procedures, the system comprising:
(a) a robotic device configured to be positioned completely within a patient,

wherein the robotic device comprises:

(i a body;
(i) a camera associated with the body;
(ii) first and second robotic arms operably coupled with the body; and
(iv) a device magnet associated with the body; and
(b) a user console comprising:
Q] first and second manipulator arms operably coupled with the

console, wherein the first and second manipulator arms are
configured to be in communication with the first and second
robotic arms;

(ii) a visual display disposed on the console, the visual display
configured to receive images from the camera whereby the first
and second manipulator arms appear visually to be physically
connected to the first and second robotic arms; and

iit) a console magnet associated with the console, wherein the
console magnet is configured to be in magnetic communication
with the device magnet.

13. The system of claim 12, wherein the user console is configured to be disposed

substantially adjacent to the patient.
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14. The system of claim 12, wherein the user console is configured to be disposed at
a location remote from the patient.

15. The system of claim 12, wherein the first and second manipulator arms are
operably coupled with the console via hinge joints.

16. The system of claim 12, wherein the first and second manipulator arms are
operably coupled with the console via carriage assemblies.

17. The system of claim 12, further comprising a stabilization component coupled to

the user console.

18. A surgical device comprising:

a console having a visual component and at least one manipulator;

a robotic device having a camera for providing visual images to the visual component,
wherein the robotic device is positionable entirely within a body cavity; and

a connection component operably coupled to the console and configured to be coupleable
to the robotic device when the robotic device is disposed within the body cavity;

wherein the manipulator is positioned relative to the visual component so as to appear to
be penetrating the visual component.

19. The device of claim 18, wherein the console further comprises a console magnet
and the robotic device further comprises a device magnet capable of magnetic communication with

the console magnet.

20. The device of claim 18, wherein the manipulator is configured to remotely control
the robotic device.

21. The device of claim 18, wherein the manipulator is selected from the group

consisting of: a manipulator arm operably connected to the console and the console.

22. The device of claim 18, wherein the manipulator is positioned relative to the visual
component such that the manipulator appears visually to a user to be penetrating into the body

cavity.

23. A method of performing a minimally invasive surgery comprising:
positioning a console at a location relative to a body cavity;
inserting a robotic device through a natural orifice of a patient and into a passage

connected to the natural orifice;
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passing the robotic device through the passage and into the body cavity such that the
robotic device is located substantially completely within the body cavity;

transmitting visual images captured by the robotic device to the console;

displaying the visual images on a visual display, wherein the visual display is positioned
relative to the body cavity such that the body cavity appears visually to a user to
be viewable directly through the visual display:;

providing inputs based on movements of manipulation components operatively connected
to the console and the robotic device based on the visual images on the visual
display; and

correspondingly moving the robotic device based on the inputs and the movements of the
manipulation components.

24, The method of claim 23, further comprising positioning the manipulation
components relative to the visual display such that the manipulation components appear visually to
a user to be penetrating the visual display.

25. The method of claim 23, further comprising positioning the manipulation
components and the visual display relative to the body cavity such that the manipulation
components appear visually to a user to be penetrating into the body cavity.

26. The method of claim 23, further comprising maintaining the robotic device within

the body cavity adjacent the console external to the body cavity by magnetic communication of a
console magnet of the console and a device magnet of the robotic device.
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