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ROBOTIC SYSTEMS, ROBOTIC SYSTEM USER INTERFACES, HUMAN INTERFACE

DEVICES FOR CONTROLLING ROBOTIC SYSTEMS AND METHODS OF

CONTROLLING ROBOTIC SYSTEMS

RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application No. 61/492,578, 

filed June 2, 2011, the content of which is incorporated herein by reference in its entirety.

This application is related to PCT Application No PCT/US2012/032279, filed April 5, 

2012, the content of which is incorporated herein by reference in its entirety.

This application is related to United States Provisional Application No. 61/472,344, 

filed April 6, 2011, the content of which is incorporated herein by reference in its entirety.

This application is related to PCT Application No PCT/US2011/060214, filed 

November 10, 2011, the content of which is incorporated herein by reference in its entirety.

This application is related to U.S. Provisional Application No. 61/412,733, filed 

November 11, 2010, the content of which is incorporated herein by reference in its entirety.

This application claims the benefit of, and is related to, U.S. Provisional Application 

No. 61/534,032, filed September 13, 2011, the content of which is incorporated herein by 

reference in its entirety.

This application is related to U.S. Provisional Application No. 61/406,032, filed 

October 22, 2010, the content of which is incorporated herein by reference in its entirety.

This application is related to PCT Application No PCT/US2011/057282, filed 

October 21, 2011, the content of which is incorporated herein by reference in its entirety.

This application is related to U.S. Provisional Application No. 61/368,257, filed July 

28, 2010, the content of which is incorporated herein by reference in its entirety.

This application is related to PCT Application No PCT/US2011/044811, filed July 21, 

2011, the content of which is incorporated herein by reference in its entirety.

This application claims the benefit of, and is related to, U.S. Provisional Application 

No. 61/578,582, filed December 21, 2011, the content of which is incorporated herein by 

reference in its entirety.

This application is related to U.S. Patent Application No. 11/630,279, filed December 

20, 2006, published as U.S. Patent Application Publication No. 2009/0171151, the content of 

which is incorporated herein by reference in its entirety.
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TECHNICAL FIELD

The present inventive concepts generally relate to the field of robotic systems, and 

more particularly, to articulating robotic systems, robotic system user interfaces, human 

interface devices for controlling robotic systems and methods of controlling robotic systems. 

BACKGROUND

As less invasive medical techniques and procedures become more widespread, 

medical professionals, such as surgeons, may employ snake-like robotic systems having 

highly articulated multi-link probes to access parts of the human anatomy that were otherwise 

difficult to reach. With the use of such robotic systems, medical professionals may be able to 

replace open-cavity surgical procedures with less invasive procedures.

Robotic systems of the type described above may have multiple device channels for 

guiding a variety of surgical and/or interventional tools during surgical procedures; however, 

these tools generally comprise hand operated levers and handles, which are separate from the 

control device of the robotic system. Thus, medical professionals must physically move 

between the hand operated levers and handles of the surgical tools and the control device of 

the robotic system during medical procedures.

SUMMARY

Embodiments of the present inventive concepts may be directed to articulating robotic 

systems, robotic system user interfaces, human interface devices for controlling robotic 

systems and methods of controlling robotic systems.

In one aspect, a system, comprises: an articulating probe; a surgical tool; a controller 

constructed and arranged to manipulate at least one of the articulating probe and the surgical 

tool; and a human interface device (HID) configured to generate a first control signal and a 

second control signal, wherein the articulating probe is manipulated in response to the first 

control signal and the surgical tool is manipulated in response to the second control signal.

In some embodiments, the articulating probe includes an inner core having a plurality 

of inner links and an outer sleeve having a plurality of outer links.

In some embodiments, the inner core is at least partially positioned within the outer 

sleeve.

In some embodiments, the electromechanical feeder system is constructed and 

arranged to alternately advance or retract the inner core and the outer sleeve.
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In some embodiments, the controller is constructed and arranged to advance and

retract the articulating probe in response to the first control signal.

In some embodiments, the controller is constructed and arranged to steer the

articulating probe in response to the first control signal.

In some embodiments, the articulating probe includes a light source at a distal end of 

the articulating probe.

In some embodiments, the light source is activated in response to a third control 

signal generated by the HID.

In some embodiments, the third control signal is an electrical signal.

In some embodiments, the third control signal is transmitted from the HfD to the 

electromechanical feeder system via a conductive wire.

In some embodiments, the articulating probe includes an image capture device at a 

distal end of the articulating probe.

In some embodiments, the image capture device is activated in response to a third 

control signal generated by the HID.

In some embodiments, the third control signal is transmitted from the HID to the 

electromechanical feeder system via a conductive wire.

In some embodiments, the image capture device transmits an image signal to the HID.

In some embodiments, the controller is constructed and arranged to advance or retract 

the surgical tool in response to the second control signal.

In some embodiments, the controller is constructed and arranged to steer the 

articulating probe in response to the first control signal.

In some embodiments, the surgical tool includes a tool shaft having an articulation 

region.

In some embodiments, the articulation region of the tool shaft includes at least two 

segment links.

In some embodiments, the surgical tool includes a functional element coupled to a 

distal end of the tool shaft.

In some embodiments, the controller is constructed and arranged to advance or retract 

the distal end of the tool shaft with respect to a distal end of the articulating probe.

In some embodiments, the functional element includes one selected from the group 

consisting of: a grasper, a claw, a cutter, a knife, an ablator, a cauterizer, a drug delivery 

apparatus, a radiation source, an EKG electrode, a pressure sensor, a blood sensor, a camera,
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a light source, a snare, a basket, a balloon, a clamp, a magnet, a heating element and a

cryogenic element.

In some embodiments, the surgical tool includes an actuator, the actuator coupled to

the functional element via mechanical linkage.

In some embodiments, the functional element is activated in response to a third 

control signal generated by the HID.

In some embodiments, the actuator applies a force to the mechanical linkage in 

response to the third control signal.

In some embodiments, the functional element is activated in response to a third 

control signal generated by the HID.

In some embodiments, the third control signal is an electrical signal.

In some embodiments, the third control signal is transmitted from the HID to at least 

one of the controller or the surgical tool via a conductive wire.

In some embodiments, the third control signal is a mechanical signal.

In some embodiments, the third control signal is transferred from the HID to at least 

one of the controller or the surgical tool via an actuating cable.

In some embodiments, the actuating cable is coupled to the functional element.

In some embodiments, the actuating cable is coupled to mechanical linkage of the 

functional element.

In some embodiments, the actuating cable is coupled to a lever of the HID.

In some embodiments, a resistance applied to the functional element in response to 

the third control signal is transferred from the functional element to the lever.

In some embodiments, the third control signal includes a mechanical force that is 

transferred from the HID to the functional element via an actuating cable.

In some embodiments, the controller advances or retracts the articulating probe in 

response to the first control signal, and wherein the controller advances or retracts the 

surgical tool in response to the second control signal.

In some embodiments, the controller steers the articulating probe in response to the 

first control signal, and wherein the controller steers the surgical tool in response to the 

second control signal.

In some embodiments, the controller simultaneously manipulates the articulating 

probe and the surgical tool.

In some embodiments, the controller sequentially manipulates the articulating probe 

and the surgical tool.
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In some embodiments, the controller includes an electromechanical feeder system.

In some embodiments, the electromechanical feeder system advances or retracts the

articulating probe in response to the first control signal, and wherein the electromechanical

feeder system advances or retracts the surgical tool in response to the second control signal.

In some embodiments, the electromechanical feeder system steers the articulating 

probe in response to the first control signal, and wherein the electromechanical feeder system 

steers the surgical tool in response to the second control signal.

In some embodiments, the electromechanical feeder system simultaneously 

manipulates the articulating probe and the surgical tool.

In some embodiments, the electromechanical feeder system sequentially manipulates 

the articulating probe and the surgical tool.

In some embodiments, the controller includes a first feeding device constructed and 

arranged to control the manipulation of the articulating probe.

In some embodiments, the controller includes a first feeding device constructed and 

arranged to control advancement and retraction of the articulating probe.

In some embodiments, the first feeding device includes at least one actuator 

constructed and arranged to advance or retract an inner core and an outer sleeve of the 

articulating probe.

In some embodiments, the first feeding device includes at least one actuator 

constructed and arranged to configure an inner core of the articulating probe in one of a limp 

or rigid mode.

In some embodiments, the at least one actuator is constructed and arranged to 

configure an outer sleeve of the articulating probe in one of the limp or rigid mode,

In some embodiments, the first feeding device includes at least one actuator 

constructed and arranged to steer at least one of an inner core and an outer sleeve of the 

articulating probe.

In some embodiments, the first feeding device includes a plurality of actuators.

In some embodiments, the at least one actuator includes an actuator selected from the 

group consisting of: a linear actuator, a rotary actuator and a solenoid.

In some embodiments, the controller includes a second feeding device constructed 

and arranged to control the manipulation of the surgical tool.

In some embodiments, the controller includes a second feeding device constructed 

and arranged to control the advancement and retraction of the surgical tool.
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In some embodiments, the second feeding device includes at least one actuator

constructed and arranged to advance or retract a shaft of the surgical tool.

In some embodiments, the second feeding device includes at least one actuator

constructed and arranged to articulate an articulation region of the surgical tool.

In some embodiments, the second feeding device includes at least one actuator 

constructed and arranged to actuate a functional element of the surgical tool.

In some embodiments, the second feeding device includes a plurality of actuators.

In some embodiments, the at least one actuator includes an actuator selected from the 

group consisting of: a linear actuator, a rotary actuator and a solenoid.

In some embodiments, the HID includes at least 4-axes of movement.

In some embodiments, the HID includes a hand-operated control device coupled to a 

control stick and wherein the control stick is movably coupled to a base.

In some embodiments, the hand-operated control device is coupled to a proximal end 

of the control stick and wherein a distal end of the control stick is movably coupled to the 

base.

In some embodiments, the hand-operated control device is moveable with respect to 

the base in a first-axis of movement.

In some embodiments, the hand-operated control device is moveable with respect to 

the base in a second axis of movement.

In some embodiments, the first-axis of movement is different from the second axis of 

movement.

In some embodiments, a joystick of the hand-operated control device is moveable 

with respect to the hand-operated control device in a third axis of movement.

In some embodiments, the joystick of the hand-operated control device is moveable 

with respect to the hand-operated control device in a fourth axis of movement.

In some embodiments, the third axis of movement is different from the second axis of 

movement.

In some embodiments, the joystick of the hand-operated control device is moveable

with respect to the hand-operated control device in a fifth axis of movement.

In some embodiments, the fifth axis of movement is different from the third axis of

movement and the fourth axis of movement.

In some embodiments, the hand-operated control device is moveable with respect to

the base in a sixth axis of movement.
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In some embodiments, the sixth axis of movement is different from the first axis of

movement and the second axis of movement.

In some embodiments, the HID includes a hand-operated control device.

In some embodiments, the HID further includes a control stick and a base.

In some embodiments, the base of the HID is coupled to the system console.

In some embodiments, the base of the HID is directly coupled to the system console.

In some embodiments, the base of the HID is fixedly attached to the system console.

In some embodiments, the base of the HID is coupled to a table.

In some embodiments, the base of the HID is directly coupled to the table.

In some embodiments, the base of the HID is fixedly attached to the table.

In some embodiments, the table is an operating table.

In some embodiments, the electromechanical feeder system is coupled to the table via 

a support.

In some embodiments, the hand-operated control device is coupled to a proximal end 

of the control stick, and wherein the base is slidably coupled to a distal end of the control 

stick.

In some embodiments, the hand-operated control device is movable with respect to 

the base.

In some embodiments, the hand-operated control device is moveable with respect to 

the base in at least two-directions of movement.

In some embodiments, the hand-operated control device is moveable with respect to 

the base in at least three-directions of movement.

In some embodiments, the hand-operated control device is moveable with respect to 

the base in four-directions of movement.

In some embodiments, the hand-operated control device is movable with respect to 

the base in a direction corresponding to a longitudinal axis of the control stick.

In some embodiments, the HID is configured to generate the first control signal in 

response to a movement of the hand-operated control device in the direction corresponding to 

the longitudinal axis of the control stick.

In some embodiments, the controller is constructed and arranged to manipulate the 

articulating probe in response to the first control signal.

In some embodiments, the controller is constructed and arranged to adjust a position 

of extension of the articulating probe in response to a displacement of the of the hand-
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operated control device in the direction corresponding to the longitudinal axis of the control

stick.

In some embodiments, the controller is constructed and arranged to adjust a velocity 

of movement of the articulating probe in response to a displacement of the of the hand

operated control device in the direction corresponding to the longitudinal axis of the control 

stick.

In some embodiments, the hand-operated control device is movable with respect to 

the base in a direction transverse to a longitudinal axis of the control stick.

In some embodiments, the HID is configured to generate the first control signal in 

response to a movement of the hand-operated control device in the direction transverse to the 

longitudinal axis of the control stick.

In some embodiments, the controller is constructed and arranged to steer the 

articulating probe in response to the first control signal.

In some embodiments, the hand-operated control device includes at least one joystick.

In some embodiments, a first joystick of the at least one joystick is configured to 

generate the second control signal.

In some embodiments, the controller is constructed and arranged to advance or retract 

the surgical tool in response to the second control signal.

In some embodiments, the controller is constructed and arranged to adjust a position 

of extension of the surgical tool in response to a displacement of the first joystick in the 

direction corresponding to a longitudinal axis of the joystick.

In some embodiments, the controller is constructed and arranged to adjust a velocity 

of movement of the surgical tool in response to a displacement of the first joystick in the 

direction corresponding to a longitudinal axis of the control stick.

In some embodiments, a second joystick of the at least one joystick is configured to 

generate a fourth control signal.

In some embodiments, the controller is constructed and arranged to advance or retract 

a second surgical tool in response to the fourth control signal.

In some embodiments, the at least one joystick is movable with respect to the hand

operated control device in a direction corresponding to a longitudinal axis of the joystick.

In some embodiments, the hand-operated control device is configured to generate the 

second control signal in response to a movement of the joystick in the direction 

corresponding to the longitudinal axis of the joystick.
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In some embodiments, the controller is constructed and arranged to advance or retract

the surgical tool in response to the second control signal. ■

In some embodiments, the at least one joystick is movable with respect to the hand

operated control device in a direction transverse to a longitudinal axis of the joystick.

In some embodiments, the hand-operated control device is configured to generate the 

second control signal in response to a movement of the joystick in the direction 

corresponding to the longitudinal axis of the joystick.

In some embodiments, the controller is constructed and arranged to articulate an 

articulation region of the surgical tool in response to the second control signal.

In some embodiments, the hand-operated control device includes a lever.

In some embodiments, a first end of an actuating cable is coupled to the lever and a 

second end of the actuating cable is coupled to a functional element of the surgical tool.

In some embodiments, the second end of the actuating cable is coupled to mechanical 

linkage of the functional element.

In some embodiments, the lever is constructed and arranged to apply a tension to the 

actuating cable.

In some embodiments, the functional element is actuated in response to the tension 

applied to the actuating cable.

In some embodiments, the hand-operated control device includes an actuator.

In some embodiments, the actuator includes an actuator selected from the group 

consisting of: a linear actuator and a solenoid.

In some embodiments, the actuator is constructed and arranged to apply a tension to 

the actuating cable.

In some embodiments, the actuator is constructed and arranged to apply a tension to 

the actuating cable in response to an actuating control signal.

In some embodiments, the hand-operated control device includes a force sensing 

button that generates the actuating control signal.

In some embodiments, a magnitude of tension applied to the actuating cable is 

proportional to a force applied to the force sensing button.

In some embodiments, the hand-operated control device includes a button.

In some embodiments, the button includes a force sensing resistor.

In some embodiments, the hand-operated control device includes a vibration 

transducer.
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In some embodiments, the vibration transducer is activated in response to one of the

articulating probe and the surgical tool abutting a cavity wall of a patient.

In some embodiments, the hand-operated control device includes a first set of push

buttons.

In some embodiments, a first button of the first set of push buttons is configured to 

map directional movements of a first joystick of the hand-operated control device to 

electromechanical movements of the surgical tool.

In some embodiments, a second button of the first set of push buttons is configured to 

actuate a functional element of the surgical tool.

In some embodiments, the hand-operated control device includes a second set of push 

buttons.

In some embodiments, a first button of the second set of push buttons is configured to 

map directional movements of a second joystick of the hand-operated control device to 

electromechanical movements of a second surgical tool.

In some embodiments, a second button of the second set of push buttons is configured 

to actuate a functional element of the second surgical tool.

In some embodiments, the hand-operated control device includes a mode selection 

switch.

In some embodiments, the mode selection switch is configured to map directional 

movements of a first joystick of the hand-operated control device to electromechanical 

movements of the surgical tool in a first mode.

In some embodiments, the mode selection switch is configured to map directional 

movements of a first joystick of the hand-operated control device to electromechanical 

movements of the articulating probe in a second mode.

In some embodiments, the hand-operated control device includes a display device.

In some embodiments, the display device includes one selected from the group 

consisting of a liquid crystal display, an organic light-emitting diode display, a light-emitting 

diode display, an electronic ink display and an electrophoretic display.

In some embodiments, the display device is configured to display an image captured

by a camera of the articulating probe.

In some embodiments, the display device is configured to display a live video stream

transmitted by a camera of the articulating probe.

In some embodiments, the display device is configured to prompt a user of the system.
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In some embodiments, the display device is configured to prompt a user of the system

with one or more steps of a medical procedure.

In some embodiments, the display device is configured to inform a user of the system

with one or more patient vitals.

In some embodiments, the system further comprises a second surgical tool.

In some embodiments, the second surgical tool comprises: a functional element at a 

distal end of a tool shaft; a hand-operated lever at a proximal end of the tool shaft, wherein 

the hand-operated lever is constructed and arranged to actuate the functional element.

In some embodiments, the second surgical tool includes a joystick.

In some embodiments, the joystick is integral with the hand operated lever.

In some embodiments, the joystick is removably coupled to the second surgical tool.

In some embodiments, the joystick is affixed to the second surgical tool with an 

adhesive.

In some embodiments, the joystick is secured to the second surgical tool.

In some embodiments, the joystick is configured to generate the first control signal.

In some embodiments, the joystick is configured to generate the first control signal in 

response to a movement of the joystick.

In some embodiments, the HID includes a first multi-axis input device and a second 

multi-axis input device.

In some embodiments, the HID is coupled to a console.

In some embodiments, the console includes at least one foot pedal.

In some embodiments, the at least one foot pedal is configured to generate a third 

control signal.

In some embodiments, a functional element of the surgical is activated in response to 

the third control signal.

In some embodiments, the HID is configured to generate the first control signal when 

a first user interface of the first multi-axis input device and a second user interface of the 

second multi-axis input device are coupled, and wherein the HID is configured to generate 

the second control signal when the first user interface of the first multi-axis input device and 

the second user interface of the second multi-axis input device are decoupled.

In some embodiments, the first user interface includes a stylus.

In some embodiments, the second user interface includes a stylus.



5

10

15

20

25

30

WO 2012/167043 PCT/US2012/040414
12

In some embodiments, the electromechanical feeder system advances or retracts the

articulating probe in response to the first control signal, and wherein the electromechanical

feeder system advances or retracts the surgical tool in response to the second control signal.

In some embodiments, HID includes a coupling member constructed and arranged to

removably couple the first user interface with the second user interface.

In some embodiments, the HID is configured to generate the first control signal when 

a first user interface of the first multi-axis input device and a second user interface of the 

second multi-axis input device are synchronously moved.

In some embodiments, the HID is configured to generate the second control signal 

when the first user interface of the first multi-axis input device and the second user interface 

of the second multi-axis input device are independently moved.

In some embodiments, a first user interface of the first multi-axis input device is 

moveable in at least three degrees of freedom, and wherein a second user interface of the 

second multi-axis input device is moveable in at least three degrees of freedom.

in some embodiments, the inventive concepts comprise an articulating probe as 

described in reference to the figures.

In some embodiments, the inventive concepts comprise a surgical tool as described in 

reference to the figures.

In some embodiments, the inventive concepts comprise a controller as described in 

reference to the figures.

in some embodiments, the inventive concepts comprise a method of controlling a 

robotic system as described in reference to the figures.

In some embodiments, the inventive concepts comprise a human interface device as 

described in reference to the figures.

In some embodiments, the inventive concepts comprise a method of performing a 

medical procedure as described in reference to the figures.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advantages of embodiments of the

present inventive concepts will be apparent from the more particular description of preferred

embodiments, as illustrated in the accompanying drawings in which like reference characters

refer to the same elements throughout the different views. The drawings are not necessarily
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to scale, emphasis instead being placed upon illustrating the principles of the preferred

embodiments.

FIG. 1 is a perspective view of an articulating robotic system, in accordance with

embodiments of the present inventive concepts;

FIG. 2 is a perspective view of an articulating robotic system, in accordance with 

embodiments of the present inventive concepts;

FIG. 3 is a perspective view of an articulating robotic system performing a medical 

procedure, in accordance with embodiments of the present inventive concepts;

FIG. 4 is a diagrammatic view of the articulating robotic systems shown in FIGs. 1 

and 2, in accordance with embodiments of the present inventive concepts;

FIGs. 5A and 5B are perspective views of the hand operated control device shown in 

FIGs. 1, 2 and 4, in accordance with embodiments of the present inventive concepts;

FIGs. 6A-6C are perspective views of hand operated control devices, in accordance 

with embodiments of the present inventive concepts;

FIG. 7 is a perspective view of the human interface device shown in FIGs. 1,2, 4, 5A 

and 5B, in accordance with embodiments of the present inventive concepts;

FIGs. 8A and 8B are sectional views of an electrically activated surgical tool, in 

accordance with embodiments of the present inventive concepts;

FIGs. 9A and 9B are sectional views of a mechanically activated surgical tool, in 

accordance with embodiments of the present inventive concepts;

FIG. 10 is a perspective view of a console system, in accordance with embodiments 

of the present inventive concepts;

FIG. 11 is a perspective view of a surgical tool, in accordance with embodiments of 

the present inventive concepts.

DETAILED DESCRIPTION OF EMBODIMENTS

The terminology used herein is for the purpose of describing particular embodiments 

and is not intended to be limiting of the inventive concepts. As used herein, the singular 

forms “a,” “an” and “the” are intended to include the plural forms as well, unless the context 

clearly indicates otherwise. It will be further understood that the terms “comprises,” 

“comprising,” “includes” and/or “including,” when used herein, specify the presence of stated 

features, integers, steps, operations, elements, and/or components, but do not preclude the 

presence or addition of one or more other features, integers, steps, operations, elements, 

components, and/or groups thereof.
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It will be understood that, although the terms first, second, third etc. may be used 

herein to describe various limitations, elements, components, regions, layers and/or sections, 

these limitations, elements, components, regions, layers and/or sections should not be limited 

by these terms. These terms are only used to distinguish one limitation, element, component, 

region, layer or section from another limitation, element, component, region, layer or section. 

Thus, a first limitation, element, component, region, layer or section discussed below could 

be termed a second limitation, element, component, region, layer or section without departing 

from the teachings of the present application.

It will be further understood that when an element is referred to as being “on” or 

“connected” or “coupled” to another element, it can be directly on or above, or connected or 

coupled to, the other element or intervening elements can be present. In contrast, when an 

element is referred to as being “directly on” or “directly connected” or “directly coupled” to 

another element, there are no intervening elements present. Other words used to describe the 

relationship between elements should be interpreted in a like fashion (e.g., “between” versus 

“directly between,” “adjacent” versus “directly adjacent,” etc.). When an element is referred 

to herein as being “over” another element, it can be over or under the other element, and 

either directly coupled to the other element, or intervening elements may be present, or the 

elements may be spaced apart by a void or gap.

FIG. 1 is a perspective view of an articulating robotic system, and FIG. 2 is a 

perspective view of another articulating robotic system. A system 100, such as an 

articulating robotic system and/or a system for performing a medical procedure (e.g., 

transoral robotic surgery procedure) may include an articulating probe 120, one or more 

surgical tools 140, 140a-b, a controller 115 and a human interface device (HID) 210.

The system 100 may include one or more features of the surgical positioning and 

support system described in U.S. Provisional Patent Application Serial No. 61/368,257, filed 

July 28, 2010, and the systems and tools described in U.S. Provisional Application No. 

61/472,344, filed April 6, 2011, the contents of each application being incorporated by 

reference herein in their entirety.

The articulating probe 120 may include an inner sleeve (not shown) and an outer 

sleeve, which can advance or retract with respect to one another during manipulation of the 

articulating probe 120. For example, the inner and outer sleeves of the articulating probe 120, 

which may include a plurality of inner links and a plurality of outer links, can be configured 

in one of a limp mode and a rigid mode so as to facilitate the manipulation of the articulating 

probe 120.
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Exemplary probes are further described in U.S. Patent Application Publication No.

2009/0171151, published on July 2, 2009, by Choset, et al., and U.S. Patent Application

Publication No. 2008/0039690, published February 14, 2008, by Zubiate, et al., the contents

of each being herein incorporated by reference in their entirety.

The articulating probe 120 may include at least one working channel having an 

opening at a distal end 135 of the articulating probe 120. The working channel may extend 

throughout the articulating probe 120, for example, from a proximal end to a distal end 135 of 

the articulating probe 120. In this manner, one or more surgical tools 140, 140a-b may be 

slidably positioned within the working channel of the articulating probe 120. For example, in 

the embodiments shown in FIGs. 1 and 2, a second surgical tool 140b is shown positioned 

within a working channel of the articulating probe 120.

The articulating probe 120 may include at least one side port or guide hole 125. For 

example, in the embodiments shown at FIGs. 1 and 2, the articulating probe 120 includes a 

first side port 125 formed in flanges of an outer link of the articulating probe 120. The 

articulating probe 120 may further include at least one feed tube 130 coupled to the side port 

or guide hole 125 of the articulating probe 120. In this manner, one or more surgical tools 

140, 140a-b may be slidably positioned within the side port 125 of the articulating probe 120. 

For example, in the embodiments shown in FIGs. 1 and 2, a first surgical tool 140a is shown 

positioned within the side port 125 of the articulating probe 120.

The system 100 may include one or more surgical tools 140, 140a-b having an 

articulation region. The system 100 may be configured to allow an operator to independently 

control the articulating probe 120 and the surgical tools 140, 140a-b. For example, the 

articulating probe 120 and the surgical tools 140, 140a-b may be controlled independently via 

the HID 210. The system 100 may be configured with any number of surgical tools 140, 

140a-b, which can be slidably positioned within the working channel of the articulating probe 

120 and/or the side port or guide hole 125 of the articulating probe 120.

The articulating probe 120 may be constructed and arranged to guide one or more 

surgical tools 140, 140a-b and/or tool sheaths within a patient body (see for example, FIG. 3), 

and the controller 115 may be constructed and arranged to manipulate at least one of the 

articulating probe 120 and the surgical tool 140, 140a-b. For example, the controller 115 may 

be constructed and arranged to advance or retract the articulating probe 120, advance or 

retract the surgical tool 140, 140a-b, steer the articulating probe 120, steer the surgical tool 

140, 140a-b and/or activate a functional element of the surgical tool 140, 140a-b.
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An operator, such as a medical professional, may control the articulating probe 120 

and/or the surgical tools 140, 140a-b via the human interface device (HID) 210, which may 

be configured to generate one or more control signals. For example, the HID 210 may be 

configured to generate a first control signal and a second control signal. The articulating 

probe 120 may be manipulated in response to the first control signal, and the surgical tool 

140, 140a-b may be manipulated in response to the second control signal.

The controller 115 may be constructed and arranged to manipulate or otherwise 

control the functions and/or movements of the articulating probe 120 and the surgical tools 

140, 140a-b. The controller may advance or retract the articulating probe 120 in response to 

the first control signal and may advance or retract the surgical tool(s) 140, 140a-b in response 

to the second control signal. The controller 115 may be constructed and arranged to steer the 

articulating probe 120 in response to the first control signal and may steer the surgical tool(s) 

140, 140a-b in response to the second control signal. The controller 115 may simultaneously 

manipulate the articulating probe 120 and the surgical tool(s) 140, 140a-b. The controller 

may sequentially manipulate the articulating probe 120 and the surgical tool(s) 140, 140a-b.

The controller 115 may include an electromechanical feeder system, which may be 

constructed and arranged to manipulate or otherwise control the functions and/or movements 

of the articulating probe 120 and the surgical tools 140, 140a-b. The electromechanical 

feeder system may include one or more features of the feeder system described in U.S. 

Provisional Application No. 61/412,733, filed November 11, 2010, the contents of which is 

incorporated by reference herein in its entirety.

The controller 115 may be coupled to a table 105 (e.g., operating table) via a support 

110; however, in other embodiments the controller 115 may be coupled to a floor standing 

support. The controller 115 may be electrically coupled or wirelessly connected to the HID 

210.

The system 100 may further include a console 200. In various embodiments, the base 

212 of the HID 210 may be coupled, fixedly attached or directly coupled to the console 200 

or the table 105. For example, in the embodiment shown in FIG. 1, the base 212 of HID 210 

is coupled to the console 200, and in the embodiment shown in FIG. 2, the base 212 of the 

HID 210 is coupled to the table 105.

The console 200 may include a monitor 205, 205a-b, which may be configured to 

display images and/or sensor readings from devices (e.g., functional elements, cameras, 

probes, sensors) coupled to or provided with the articulating probe 120 and/or the surgical 

tools 140, 140a-b. A monitor 205b may further be coupled to the table 105.
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The console 200 may further include a graphical user interface (GUI) 215, which may 

display numerous system, patient, procedure and other information including but not limited 

to: system state; alarm or warning state; status of robotic control (e.g. advancing, retracting, 

steering and paused), status of tool (e.g. graspers closed, energy being delivered, steering) 

medical/surgical procedure information and/or patient vitals. The console 200 may further 

include an input device 220, such as a keyboard, touch screen, touch pad and/or pointing 

device. The console 200 and/or base 212 of the HID 210 may include an emergency stop 

button 225a and/or 225b that may initiate an emergency procedure and/or disable the system 

200. For example, upon activation of the emergency stop button(s) 225a and/or 225b, the 

system 200 may initiate a retraction procedure that removes the articulating probe 120 from 

within a patient body. Alternatively, emergency stop button(s) 225a and/or 225b may be 

configured to transition probe 120 to a limp state or a rigid state.

FIG. 3 is a perspective view of an articulating robotic system performing a medical 

procedure. The articulating probe 120 of the system 100 is shown advancing along a path 

150 within an oral cavity OC of a patient P. In this exemplarily embodiment, the system 100 

includes an optional introduction device 145, which is coupled to a distal end of the controller 

115. The introduction device 145 can be configured to improve and/or expedite the 

introduction or removal of the articulating probe 120 from within the patient’s P body.

The system 100 and/or introduction device 145 may include one or more features of 

the system and/or introduction device described in U.S. Provisional Patent Application Serial 

No. 61/412,733, filed November 11, 2010, the content of which is incorporated by reference 

herein in its entirety.

FIG. 4 is a diagrammatic view of the articulating robotic systems shown in FIGs. 1 

and 2, and FIGs. 5A and 5B are perspective views of the hand operated control device 

shown in FIGs. 1, 2 and 4. The controller 115 may include a first feeding device 115a 

constructed and arranged to control the manipulation of the articulating probe 120, and may 

further include a second feeding device 115b constructed and arranged to control the 

manipulation of the surgical tool(s) 140, 140a-b.

The first feeding 115a device may include one or more actuators constructed and 

arranged to advance or retract an inner core and an outer sleeve of the articulating probe 120. 

The one or more actuators of the first feeding device 115a may be constructed and arranged 

to configure the inner core of the articulating probe 120 in one of a limp or rigid mode. The 

one or more actuators of the first feeding device 115a may be constructed and arranged to 

configure the outer sleeve of the articulating probe 120 in one of the limp or rigid mode. The
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one or more actuators of the first feeding device 115a may be constructed and arranged to

steer at least one of the inner core and the outer sleeve of the articulating probe 120.

The first feeding device 115a may include one or more actuators constructed and 

arranged to advance or retract a shaft of the· surgical tool 140b. The one or more actuators 

may be constructed and arranged to articulate an articulation region of the surgical tool. 140b. 

The one or more actuators may be constructed and arranged to actuate a functional element of 

the surgical tool 140b.

The first feeding device 115a may include a plurality of actuators. The first feeding 

device 115a may include an actuator selected from the group consisting of: a linear actuator, 

a rotary actuator and a solenoid.

The second feeding device 115b may be constructed and arranged to control the 

advancement and retraction of the surgical tool. The second feeding device 115b may 

include one or more actuators 116, 116a-b constructed and arranged to advance or retract a 

shaft of the surgical tool 140a. The one or more actuators 116, 116a-b may be constructed 

and arranged to articulate an articulation region of the surgical tool 140a. For example, the 

first actuator 116a may be constructed and arranged to apply a tension to a first steering cable 

117a. The one or more actuators 116, 116a-b may be constructed and arranged to actuate a 

functional element of the surgical tool 140a. For example, the second actuator 116b may be 

constructed and arranged to apply a tension to a first actuating cable 117b (such as the 

actuating cable 118 shown in FIGs. 9A and 9B).

The second feeding device 115b may include a plurality of actuators. The second 

feeding device 115b may include an actuator selected from the group consisting of: a linear 

actuator, a rotary actuator and a solenoid.

The articulating probe 120 may include one or more light sources 165 provided at the 

distal end 135 of the articulating probe 120. The light sources 165 may include electron 

stimulated light sources such as electron stimulated luminescence light sources, incandescent 

light sources such as incandescent light bulbs, electroluminescent light sources such as light

emitting diodes, laser light sources such as laser diode light sources, and gas discharge light 

sources such as fluorescent lamps. The light sources 165 may further include optical fibers, 

which can be configured to transmit light to and from the distal end 135 of the articulating 

probe 120.

The light source 165 may be activated in response to a third control signal generated 

by the HID 210. The third control signal may be an electrical signal, which may be 

transmitted from the HID 210 to the controller via a conductive wire. Light source 165 may
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be further controlled by additional control signals generated by HID 210. These additional

control signals may be used to adjust one or more outputs of light source 165 such as the

intensity of light produced, color or type of light produced, or the direction of light delivered.

The articulating probe 120 may include an image capture device 160, such as an 

optical camera, video camera, IR camera or other type of camera system. The image capture 

device 160 may be provided at the distal end 135 or working surface of the articulating probe 

120. The image capture device 160 may be activated in response to a fourth control signal 

generated by the HID 210, which may be transmitted from the HID 210 to the controller 115 

via a conductive wire. In response to the fourth control signal, the image capture device 160 

may transmit an image signal, such as a picture or video to the HID 210 and/or the console 

200.

The surgical tools 140, 140a-b may include functional elements 141, 141 a-b. The 

functional elements 141, 141 a-b may be constructed and arranged to articulate with respect to 

the distal end 135 or working surface of the articulating probe 120. The functional elements 

141,141 a-b may also be constructed and arranged to articulate with respect to an axis of 

extension of the tool shaft.

The functional elements 141, 141 a-b may include one or more selected from the 

group consisting of: a grasper, a claw, a cutter, a knife, an ablator, a cauterizer, a drug 

delivery apparatus, a radiation source, an EKG electrode, a pressure sensor, a blood sensor, a 

camera, a light source, a snare (e.g. for polyp removal), a basket (e.g. for removing tissue), a 

balloon, a clamp, a magnet, a heating element and a cryogenic element. For example, the 

functional element 141, 141 a-b may include a cutter having first and second blades. The 

functional element 141, 141a-b may include a heating element, cryogenic element, a pressure 

sensor, a blood sensor and/or a radiation source. The functional element 141, 141 a-b may 

include one or more EKG electrodes or heart defibrillator electrodes. The functional element 

141, 141 a-b may include a camera.

The HID 210 may include a hand-operated control device 211, and the hand-operated 

control device 211 may include one or more joysticks 315, 320. The joysticks 315, 320 may 

be movable with respect to the hand-operated control device 211. For example, the joysticks 

315, 320 may be moveable with respect to the hand-operated control device 211 in at least 

one or more of the directions selected from the group consisting of: the X direction, the Y 

direction, the Z direction and the 0 direction (see for example, the X direction, the Y direction 

and the Z direction illustrated in FIG. 5A).
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Movements of the one or more joysticks 315, 320 with respect to the hand-operated 

control device 211 may generate control signals for manipulating one or more of the surgical 

tools 140, 140a-b of the system 100. For example, a movement of one of the joysticks 315, 

320 with respect to the hand-operated control device 211 in the X direction may manipulate 

and/or articulate an articulation region of one of the surgical tools 140, 140a-b in a second 

direction D2 (see for example, the second direction D2 illustrated in FIG 4). A movement of 

one of the joysticks 315, 320 with respect to the hand-operated control device 211 in the Y 

direction may manipulate and/or articulate an articulation region of one of the surgical tools 

140, 140a-b in a third direction D3 (see for example, the third direction D3 illustrated in FIG 

4). A movement of one of the joysticks 315, 320 with respect to the hand-operated control 

device 211 in the Z direction may manipulate and/or advance or retract one of the surgical 

tools 140, 140a-b in a first direction DI (see for example, the first direction DI illustrated in 

FIG 4). Alternatively or additionally, one or more input devices, such as hand-operated 

control device 211 may be constructed and arranged to move, such that movement of the 

entire input device can be used to generate a control signal (e.g. via integral sensors such as 

accelerometers).

A first joystick of the one or more joysticks 315, 320 may be configured to generate 

the second control signal. As described above, the controller 115 may be constructed and 

arranged to manipulate (e.g., advance or retract, steer, actuate) one of the surgical tools 140, 

140a-b in response to the second control signal. For example, the controller 115 may be 

constructed and arranged to adjust a position of extension of one of the surgical tools 140, 

140a-b in response to a displacement of the of the first joystick in the direction corresponding 

to a longitudinal axis of the joystick. The controller 115 may be constructed and arranged to 

adjust a velocity of movement of one of the surgical tools 140, 140a-b in response to a 

displacement of the first joystick in the direction corresponding to a longitudinal axis of the 

control stick.

A second joystick of the one or more joysticks 315, 320 may be configured to 

generate a fourth control signal. The controller 115 may be constructed and arranged to 

manipulate (e.g., advance or retract, steer, actuate) another of the one of the surgical tools 140, 

140a-b in response to the fourth control signal.

In some embodiments, displacement of the joystick 315, 320 in any one of the X, Y or 

Z directions can optionally control displacement, velocity or acceleration movements of a 

surgical tool 140, 140a-b. For example, displacing one of the joysticks 315, 320 by a first 

distance in anyone of the X, Y or Z directions may command and/or control a surgical tool
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140, 140a-b of the system 100 to be displaced by the first distance (or a multiple thereof) in a 

corresponding direction (displacement control). In another example, displacing one of the 

joysticks 315, 320 by a first distance in anyone of the X, Y or Z directions may command 

and/or control a surgical tool 140, 140a-b of the system 100 to move at a velocity 

proportional to the first distance of displacement in a corresponding direction (velocity 

control). In another example, displacing one of the joysticks 315, 320 by a first distance in 

anyone of the X, Y or Z directions may command and/or control a surgical tool 140, 140a-b 

of the system 100 to accelerate proportional to the first distance of displacement in a 

corresponding direction (acceleration control).

Alternatively or additionally, velocity or acceleration of the joystick 315, 320 in 

anyone of the X, Y or Z directions can optionally control displacement, velocity or 

acceleration of a surgical tool 140, 140a-b. For example, moving one of the joysticks 315, 

320 at a first speed in anyone of the X, Y or Z directions may command and/or control a 

surgical tool 140, 140a-b of the system 100 to move at a speed proportional to the first speed 

in a corresponding direction. In another example, moving one of the joysticks 315, 320 at a 

first speed in anyone of the X, Y or Z directions may command and/or control a surgical tool 

140, 140a-b of the system 100 to be displaced by a distance proportional to the first speed in 

a corresponding direction. Alternatively or additionally, a magnitude of force exerted on a 

joystick 315, 320 in anyone of the X, Y or Z directions can optionally control displacement, 

velocity or acceleration of a surgical tool 140, 140a-b. In addition, one or more of the buttons 

(of the sets of buttons 325, 330) of the hand-operated control device 211 can be configured to 

toggle between control modes, such as, a displacement control mode, a velocity control mode 

and an acceleration control mode.

Similarly, other outputs of the HID 210 or input signals of the surgical tool(s) 140, 

140a-b and/or the articulating probe 120 can be controlled according to one or more of the 

above modes of operation. For example, a force exerted by surgical tool 140, 140a-b (e.g. 

grasper to pull hard on tissue) can be mapped to a force exerted on the hand-operated control 

device 211 or one of the joysticks 315, 320.

In addition, the HID 210 may be constructed and arranged to provide tactile feedback

to a user. For example, the hand-operated control device 211 and/or one or more of the

joysticks 315, 320 may be configured to provide mechanical stimulation to assist a user in

visualizing movements of the articulating probe 120 and/or surgical tools 140, 140a-b within

a patient’s body or other type of cavity.
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The hand-operated control device 211 my include a button 310, such as a push button

or force sensing resistor button, which may be configured to generate one or more control

signals for actuating a functional element 141, 141a-b of one of the surgical tools 140, 140a-b.

The hand-operated control device 211 may include a vibration transducer 335 that 

may be configured to provide haptic or tactile feedback to an operator gripping or holding the 

hand-operated control device 211. For example, the vibration transducer 335 may provide 

haptic or tactile feedback to an operator gripping or holding the hand-operated control device 

211 so as to notify the operator when an outer surface and/or the distal end 135 of the 

articulating probe 120 comes into contact with an inner cavity or lumen wall of a patient. 

Additionally or alternatively, tactile, vibrational, force or other feedback can be use to alert 

the operator of one or more system states such as an alarm or warning state.

The hand-operated control device may include one or more sets of buttons or switches 

325, 330. For example, the hand-operated control device may include a first set of buttons or 

switches 325 and a second set of buttons or switches 330. In some embodiments, a first 

button of the first or second sets of buttons 325, 330 may be configured to map directional 

movements of a first joystick of the one or more joysticks 315, 320 to electromechanical 

movements of one of the surgical tools 140, 140a-b. A second button of the first or second 

sets of buttons 325, 330 may be configured to actuate a functional element of one of the 

surgical tools 140, 140a-b.

The hand-operated control device 211 may include a mode selection switch or button 

345, which may be configured to change the control mode of a joystick. In a first control 

mode, directional movements of a first joystick of the one or more joysticks 315, 320 of the 

hand-operated control device 211 map to electromechanical movements of one of the surgical 

tools 140, 140a-b. In a second control mode, directional movements of the first joystick of 

the one or more joysticks 315, 320 of the hand-operated control device 211 map to 

electromechanical movements of the articulating probe 120. An operator may toggle 

between the first and second modes by actuating the mode selection switch or button 345. 

Additional control modes may be included such as to control an additional tube, or to control 

articulating probe 120 and/or surgical tools 140, 140a-b in a different manner.

The hand-operated control device 211 may include a display device 340. The display 

device 340 may include one selected from the group consisting of a liquid crystal display, a 

CRT, an organic light-emitting diode display, a light-emitting diode display, an electronic ink 

display and an electrophoretic display. The display device 340 may be configured to display 

an image captured by a camera 160 of the articulating probe 120. The display device 340
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may be configured to prompt a user of the system 100 with one or more steps of a medical

procedure.

FIGs. 6A-6C are perspective views of hand operated control devices. The hand

operated control device 211 may include a lever 305 that is configured to actuate a functional 

element 141 of a surgical tool 140. For example, a first end of an actuating cable 118 maybe 

coupled to the lever 305 and a second end of the actuating cable 118 may be coupled to a 

functional element 141 of the surgical tool 140. The actuating cable 118 may extend from 

the hand-operated control device 211 to the distal end of the surgical tool 140, 140a-b, and 

may be positioned within elements of the system 100 via one or more posts or capstans 307 

(see FIG. 4). In some embodiments, the second end of the actuating cable 118 may be 

coupled to mechanical linkage 143 of the functional element 141.

The lever 305 may be constructed and arranged to apply a first tension tl to the 

actuating cable 118. The functional element 141 may be actuated in response to the first 

tension tl applied to the actuating cable 118. For example, an operator holding or gripping 

the hand-operated control device 211 may apply a force 306, such as a lateral force, to the 

lever 305 to apply the first tension tl to the actuating cable 118.

The hand-operated control device may further include an actuator 350, such as a 

linear actuator or solenoid. The actuator 350 may be constructed and arranged to apply a 

second tension t2 to the actuating cable 118 in response to an actuating control signal. The 

hand-operated control device 211 may include a button 310, such as a push button or force 

sensing button that may generate the actuating control signal. The actuating control signal 

may be transmitted from the button 310 to the actuator 350 via a wire or cable 311. In 

embodiments including a force sensing button, a magnitude of the second tension t2 applied 

to the actuating cable 118 may be proportional to an actuating force fl applied to the button 

310.

In the embodiment illustrated at FIGs. 6A-6C, a slidable slug of the actuator 350 

advances in an outward direction so as to push a portion of the actuating cable 118 between 

first and second posts 30.6a-b. This movement causes the second tension t2 to be applied to 

actuating cable 118.

The hand-operated control device may further include a stop 355, which may be 

constructed and arranged to limit movement of the lever 305.

FIG. 7 is a perspective view of the human interface device shown in FIGs. 1, 2, 4, 5A 

and 5B. The HID 210 may include a hand-operated control device 211, a control stick 216 

and a base 212. The hand-operated control device 211 may be coupled to a proximal end 214
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of the control stick 216, and the base 212 may be moveably coupled or slidably coupled to a

distal end 215 of the control stick 216.

The hand-operated control device 211 may be movable with respect to the base 212. 

For example, the hand-operated control device 211 may be moveable with respect to the base 

212 in at least one or more of the directions selected from the group consisting of: the X 

direction, the Y direction, the Z direction and the Θ direction.

Movements of the hand-operated control device 211 with respect to the base 212 may 

generate control signals for manipulating the articulating probe 120 of the system 100. For 

example, a movement of the hand-operated control device 211 with respect to the base 212 in 

the X direction may manipulate and/or steer the articulating probe 120 in a second direction 

D2 (see for example, the second direction D2 illustrated in FIG 4). A movement of the hand- 

operated control device 211 with respect to the base 212 in the Y direction may manipulate 

and/or steer the articulating probe 120 in a third direction D3 (see for example, the third 

direction D3 illustrated in FIG 4). A movement of the hand-operated control device 211 with 

respect to the base 212 in the Z direction may manipulate and/or advance or retract the 

articulating probe 120 in a first direction DI (see for example, the first direction DI 

illustrated in FIG 4).

For example, the hand-operated control device 211 may be movable with respect to 

the base 212 in a direction corresponding to a longitudinal axis of the control stick 216. The 

direction corresponding to the longitudinal axis of the control stick 216 may correspond to 

the Z direction. The HID 210 may be configured to generate the first control signal in 

response to a movement of the hand-operated control device 211 in the direction 

corresponding to the longitudinal axis of the control stick 216. As described above, the 

controller 115 of the system 100 may be constructed and arranged to manipulate the 

articulating probe 120 in response to the first control signal.

In some embodiments, the controller 115 may be constructed and arranged to adjust a 

position of extension of the articulating probe 120 in response to a displacement of the of the 

hand-operated control device 211 in the direction corresponding to the longitudinal axis of 

the control stick 216. The controller 115 may be constructed and arranged to adjust a 

velocity of movement of the articulating probe 120 in response to a displacement of the of the 

hand-operated control device 211 in the direction corresponding to the longitudinal axis of 

the control stick 216.

The hand-operated control device 211 may be movable with respect to the base 212 in 

a direction transverse to a longitudinal axis of the control stick 216. The direction transverse 
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to a longitudinal axis of the control stick 216 may correspond to the X direction and/or the Y 

direction. In some embodiments, the hand-operated control device can be coupled to the base 

at a ball and socket joint 213, including ball 213a and socket 213b. The HID 210 may be 

configured to generate the first control signal in response to a movement of the hand-operated 

control device in the direction transverse to the longitudinal axis of the control stick 216. As 

described above, the controller 115 of the system 100 may be constructed and arranged to 

manipulate the articulating probe 120 in response to the first control signal.

FIGs. 8A and 8B are sectional views of an electrically activated surgical tool. A 

functional element 141 may be coupled to a distal end of the tool shaft of the surgical tool 

140. The surgical tool 140 may include an actuator 142, which may be coupled to or 

connected to the functional element 141 via mechanical linkage 143.

The functional element 141 may be activated in response to a control signal generated 

by the HID 210. The actuator 142 of the surgical tool 140 may apply a force to the 

mechanical linkage 143 in response to the control signal, which may cause first and second 

claw members or grasper members of the functional element 141 to open and close. The 

control signal may be an electrical signal, which may be transmitted from the HID 210 to at 

least one of the controller 115 and the surgical tool 140 via a conductive wire 311.

FIGs. 9 A and 9B are sectional views of a mechanically activated surgical tool. A 

functional element 141 may be coupled to a distal end of the tool shaft of the surgical tool 

140. The surgical tool 140 may include an actuating cable 118, which may be coupled to or 

connected to the functional element 141 via mechanical linkage 143.

The functional element 141 may be activated in response to a control signal generated 

by the HID 210. The control signal may be a mechanical signal, which may be transferred 

from the HID 210 to the mechanical linkage 143 via the actuating cable 118. The actuating 

cable 118 may apply a force to the mechanical linkage 143, which may cause first and second 

claw members or grasper members of the functional element 141 to open and close.

The actuating cable 118 may be further coupled to or connected to a lever 305 of the 

HID 210. In this manner, a resistance applied to the claw members or grasper members of 

the functional element 141 may be transferred from the functional element 141 to the lever 

305. As such, an operator applying a force to the lever 305 may receive tactile feedback.

FIG. 10 is a perspective view of a console system. A console system 200 may 

include a HID 405, a monitor 205, a GUI 215 and an input device or cluster of input devices 

440.
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The HID 405 may include first and second multi-axis input devices 420, 430, and an

input device 410. The first and second multi-axis input device 420, 430 may include one or

more features of the multi-function interface described in U.S. Patent No. 7,411,576, issued

August 12, 2008, the contents of which is incorporated herein by reference in its entirety.

Each of the first and second multi-axis input devices 420, 430 may include a stylus 

425, 435 coupled to an arm of the first and second multi-axis devices 420, 430. The input 

device 410 may include a displacement member 411 having a proximal and distal ends. A 

proximal end of the displacement member 411 may be coupled to a ball joint 410a and a 

distal end of the displacement member 411 may be coupled to a linking member 412. 

Alternatively or additionally, a universal joint may be used to couple proximal and distal ends 

of displacement member 411.

The linking member 412 is constructed and arranged to removably couple the first 

and second styli 425, 435 together. For example, the first stylus 425 may be removably 

coupled to a first opening of the linking member 412 and the second stylus 435 may be 

removably coupled to a second opening of the linking member 412.

The HID 405 may be configured to generate the first control signal when a first user 

interface, such as the first stylus 425 of the first multi-axis input device 420 and a second user 

interface, such as the second stylus 435 of the second multi-axis input device 430 are coupled 

together (e.g., via the linking member). As described above, the controller 115 may be 

constructed and arranged to manipulate (e.g., advance or retract, steer, actuate) the 

articulating probe 120 in response to the first control signal. For example, the HID 405 may 

be configured to generate the first control signal when the first user interface of the first 

multi-axis input device and the second user interface of the second multi-axis input device are 

synchronously moved while attached to the ends of the linking member 412.

For example, when the first and second user interfaces are coupled, movements of the 

linking member 412 with respect to the input device 410 may generate control signals for 

manipulating the articulating probe 120 of the system 100. For example, a movement of the 

linking member 412 with respect to the input device 410 in Z direction may manipulate 

and/or advance or retract the articulating probe 120 in a first direction DI (see for example, 

the first direction DI illustrated in FIG 4). A movement of the linking member 412 with 

respect to the input device 410 in the X direction may manipulate and/or steer the articulating 

probe 120 in a second direction D2 (see for example, the second direction D2 illustrated in 

FIG 4). A movement of the linking member 412 with respect to the input device 410 in the Y
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direction may manipulate and/or steer the articulating probe 120 in a third direction D3 (see

for example, the third direction D3 illustrated in FIG 4).

The HID 405 may be further configured to generate the second control signal when 

the first user interface of the first multi-axis input device 420 and the second user interface of 

the second multi-axis input device 430 are decoupled. As described above, the controller 115 

may be constructed and arranged to manipulate (e.g., advance or retract, steer, actuate) one of 

the surgical tools 140, 140a-b in response to the second control signal. For example, the HID 

405 may be configured to generate the second control signal when the first user interface of 

the first multi-axis input device 420 and the second user interface of the second multi-axis 

input device 430 are independently moved.

The console 200 may further include one or more foot pedals 450, which may be 

configured to generate a control signal. The control signal generated by the one or more foot 

pedals 450 may be transmitted to the controller 115 and/or the surgical tools 140, 140a-b. A 

functional element 141, 141a-b of one of the surgical tools 140, 140a-b may be activated in 

response to the control signal generated by the one or more foot pedals 450.

At the option of the user, the signals generated by the HID 405 and the foot pedals 

450 may be reconfigured. For example, the foot pedal 450 may be configured to generate a 

third control signal where the third control signal may be transmitted to the controller 115 

and/or the probe 120.

FIG. 11 is a perspective view of a surgical tool. A surgical tool 500 may include a 

functional element 516 at distal end of a tool shaft 515. The functional element 516 may 

include one of the functional elements 141 described above. A proximal end of the tool shaft 

515 may be coupled to or connected to a hand-operated lever 505, which may be constructed 

and arranged to actuate the functional element 516. The hand-operated lever 505 may 

include first and second hand grips 506, 507, which move relative to one another about an 

axis 508.

The surgical tool 500 may further include a joystick 510. The joystick 510 may be 

integral with the hand operated lever 505; however, in other embodiments the joystick 510 

may be coupled to or connected to the hand operated lever 505. For example, in some 

embodiments, the joystick 510 is removably coupled to the second surgical tool, such as by 

way of a mechanical snap fit, clip, thumbscrew or magnetic fastening elements. In some 

embodiments, the joystick 510 is affixed to the hand operated lever 505 of the surgical tool 

500 with an adhesive or other non-removable fastening element.
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The joystick 510 may be configured to generate a control signal, which may be

transmitted (via a conductive wire or cable 520) to the console 200 and/or the controller 115

of the systems 100 described above. However, the control signal may be wirelessly

transmitted to the console 200 and/or the controller 115. In this manner, an operator, such as

5 a surgeon or medical professional, can command the systems 200 to manipulate the 

articulating probe 120 from a signal interfacing device.

While the present inventive concepts have been particularly shown and described 

above with reference to exemplary embodiments thereof, it will be understood by those of 

ordinary skill in the art, that various changes in form and detail can be made without

10 departing from the spirit and scope of the present inventive concepts described and defined 

by the following claims.
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CLAIMS

What is claimed is:

1. A system, comprising:

an articulating probe;

a surgical tool;

a controller constructed and arranged to manipulate at least one of the articulating 

probe and the surgical tool; and

a human interface device (HID) configured to generate a first control signal and a 

second control signal,

wherein the articulating probe is manipulated in response to the first control signal 

and the surgical tool is manipulated in response to the second control signal.

2. The system of claim 1, wherein the articulating probe includes an inner core having a 

plurality of inner links and an outer sleeve having a plurality of outer links.

3. The system of claim 2, wherein the inner core is at least partially positioned within the 

outer sleeve.

4. The system of claim 2, further comprising an electromechanical feeder system 

constructed and arranged to alternately advance or retract the inner core and the outer sleeve.

5. The system of claim 1, wherein the controller is constructed and arranged to advance 

and retract the articulating probe in response to the first control signal.

6. The system of claim 1, wherein the controller is constructed and arranged to steer the 

articulating probe in response to the first control signal.

7. The system of claim 1, wherein the articulating probe includes a light source at a 

distal end of the articulating probe.

8. The system of claim 7, wherein the light source is activated in response to a third 

control signal generated by the HID.



WO 2012/167043 PCT/US2012/040414
30

5

10

15

20

25

30

9. The system of claim 8, wherein the third control signal is an electrical signal.

10. The system of claim 9 further comprising an electromechanical feeder system, 

wherein the third control signal is transmitted from the HID to the electromechanical feeder 

system via a conductive wire.

11. The system of claim 1, wherein the articulating probe includes an image capture 

device at a distal end of the articulating probe.

12. The system of claim 11, wherein the image capture device is activated in response to a 

third control signal generated by the HID.

13. The system of claim 12 further comprising an electromechanical feeder system, 

wherein the third control signal is transmitted from the HID to the electromechanical feeder 

system via a conductive wire.

14. The system of claim 11, wherein the image capture device transmits an image signal 

to the HID.

15. The system of claim 1, wherein the controller is constructed and arranged to advance 

or retract the surgical tool in response to the second control signal.

16. The system of claim 1, wherein the controller is constructed and arranged to steer the 

articulating probe in response to the first control signal.

17. The system of claim 1, wherein the surgical tool includes a tool shaft having an 

articulation region.

18. The system of claim 17, wherein the articulation region of the tool shaft includes at 

least two segment links.

19. The system of claim 17, wherein the surgical tool includes a functional element 

coupled to a distal end of the tool shaft.
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20. The system of claim 19, wherein the controller is constructed and arranged to advance 

or retract the distal end of the tool shaft with respect to a distal end of the articulating probe.

21. The system of claim 19, wherein the functional element includes one selected from 

the group consisting of: a grasper, a claw, a cutter, a knife, an ablator, a cauterizer, a drug 

delivery apparatus, a radiation source, an EKG electrode, a pressure sensor, a blood sensor, a 

camera, a light source, a snare, a basket, a balloon, a clamp, a magnet, a heating element and 

a cryogenic element.

22. The system of claim 19, wherein the surgical tool includes an actuator, the actuator 

coupled to the functional element via mechanical linkage.

23. The system of claim 22, wherein the functional element is activated in response to a 

third control signal generated by the HID.

24. The system of claim 23, wherein the actuator applies a force to the mechanical 

linkage in response to the third control signal.

25. The system of claim 19, wherein the functional element is activated in response to a 

third control signal generated by the HID.

26. The system of claim 25, wherein the third control signal is an electrical signal.

27. The system of claim 26, wherein the third control signal is transmitted from the HID

to at least one of the controller or the surgical tool via a conductive wire.

28. The system of claim 25, wherein the third control signal is a mechanical signal.

29. The system of claim 28, wherein the third control signal is transferred from the HID

to at least one of the controller or the surgical tool via an actuating cable.

30. The system of claim 29, wherein the actuating cable is coupled to the functional 

element.
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31. The system of claim 30, wherein the actuating cable is coupled to mechanical linkage 

of the functional element.

32. The system of claim 29, wherein the actuating cable is coupled to a lever of the HID.

33. The system of claim 32, wherein a resistance applied to the functional element in 

response to the third control signal is transferred from the functional element to the lever.

34. The system of claim 28, wherein the third control signal includes a mechanical force 

that is transferred from the HID to the functional element via an actuating cable.

35. The system of claim 1, wherein the controller advances or retracts the articulating 

probe in response to the first control signal, and wherein the controller advances or retracts 

the surgical tool in response to the second control signal.

36. The system of claim 1, wherein the controller steers the articulating probe in response 

to the first control signal, and wherein the controller steers the surgical tool in response to the 

second control signal.

37. The system of claim 1, wherein the controller simultaneously manipulates the 

articulating probe and the surgical tool.

38. The system of claim 1, wherein the controller sequentially manipulates the 

articulating probe and the surgical tool.

39. The system of claim 1, wherein the controller includes an electromechanical feeder 

system.

40. The system of claim 39, wherein the electromechanical feeder system advances or 

retracts the articulating probe in response to the first control signal, and wherein the 

electromechanical feeder system advances or retracts the surgical tool in response to the 

second control signal.
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41. The system of claim 39, wherein the electromechanical feeder system steers the 

articulating probe in response to the first control signal, and wherein the electromechanical 

feeder system steers the surgical tool in response to the second control signal.

42. The system of claim 39, wherein the electromechanical feeder system simultaneously 

manipulates the articulating probe and the surgical tool.

43. The system of claim 39, wherein the electromechanical feeder system sequentially 

manipulates the articulating probe and the surgical tool.

44. The system of claim 1, wherein the controller includes a first feeding device 

constructed and arranged to control the manipulation of the articulating probe.

45. The system of claim 1, wherein the controller includes a first feeding device 

constructed and arranged to control advancement and retraction of the articulating probe.

46. The system of claim 45, wherein the first feeding device includes at least one actuator 

constructed and arranged to advance or retract an inner core and an outer sleeve of the 

articulating probe.

47. The system of claim 45, wherein the first feeding device includes at least one actuator 

constructed and arranged to configure an inner core of the articulating probe in one of a limp 

or rigid mode.

48. The system of claim 47, wherein the at least one actuator is constructed and arranged 

to configure an outer sleeve of the articulating probe in one of the limp or rigid mode,

49. The system of claim 45, wherein the first feeding device includes at least one actuator 

constructed and arranged to steer at least one of an inner core and an outer sleeve of the 

articulating probe.

50. The system of claim 49, wherein the first feeding device includes a plurality of 

actuators.
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51. The system of claim 49, wherein the at least one actuator includes an actuator selected 

from the group consisting of: a linear actuator, a rotary actuator and a solenoid.

52. The system of claim 1, wherein the controller includes a second feeding device 

constructed and arranged to control the manipulation of the surgical tool.

53. The system of claim 1, wherein the controller includes a second feeding device 

constructed and arranged to control the advancement and retraction of the surgical tool.

54. The system of claim 53, wherein the second feeding device includes at least one 

actuator constructed and arranged to advance or retract a shaft of the surgical tool.

55. The system of claim 53, wherein the second feeding device includes at least one 

actuator constructed and arranged to articulate an articulation region of the surgical tool.

56. The system of claim 53, wherein the second feeding device includes at least one 

actuator constructed and arranged to actuate a functional element of the surgical tool.

57. The system of claim 53, wherein the second feeding device includes a plurality of 

actuators.

58. The system of claim 53, wherein the at least one actuator includes an actuator selected 

from the group consisting of: a linear actuator, a rotary actuator and a solenoid.

59. The system of claim 1, wherein the HID includes at least 4-axes of movement.

60. The system of claim 59, wherein the HID includes a hand-operated control device 

coupled to a control stick and wherein the control stick is movably coupled to a base.

61. The system of claim 60, wherein the hand-operated control device is coupled to a 

proximal end of the control stick and wherein a distal end of the control stick is movably 

coupled to the base.
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62. The system of claim 60, wherein the hand-operated control device is moveable with 

respect to the base in a first-axis of movement.

63. The system of claim 62, wherein the hand-operated control device is moveable with 

respect to the base in a second axis of movement.

64. The system of claim 63, wherein the first-axis of movement is different from the 

second axis of movement.

65. The system of claim 63, wherein a joystick of the hand-operated control device is 

moveable with respect to the hand-operated control device in a third axis of movement.

66. The system of claim 65, wherein the joystick of the hand-operated control device is 

moveable with respect to the hand-operated control device in a fourth axis of movement.

67. The system of claim 66, wherein the third axis of movement is different from the 

second axis of movement.

68. The system of claim 66, wherein the joystick of the hand-operated control device is 

moveable with respect to the hand-operated control device in a fifth axis of movement.

69. The system of claim 68, wherein the fifth axis of movement is different from the third 

axis of movement and the fourth axis of movement.

70. The system of claim 68, wherein the hand-operated control device is moveable with 

respect to the base in a sixth axis of movement.

71. The system of claim 70, wherein the sixth axis of movement is different from the first 

axis of movement and the second axis of movement.

72. The system of claim 1, wherein the HID includes a hand-operated control device.

73. The system of claim 72, wherein the HID further includes a control stick and a base.
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74. The system of claim 73, wherein the base of the HID is coupled to a system console.

75. The system of claim 74, wherein the base of the HID is directly coupled to the system 

console.

76. The system of claim 74, wherein the base of the HID is fixedly attached to the system 

console.

77. The system of claim 73, wherein the base of the HID is coupled to a table.

78. The system of claim 77, wherein the base of the HID is directly coupled to the table.

79. The system of claim 77, wherein the base of the HID is fixedly attached to the table.

80. The system of claim 77, wherein the table is an operating table.

81. The system of claim 77 further comprising an electromechanical feeder system, 

wherein the electromechanical feeder system is coupled to the table via a support.

82. The system of claim 73, wherein the hand-operated control device is coupled to a 

proximal end of the control stick, and wherein the base is slidably coupled to a distal end of 

the control stick.

83. The system of claim 82, wherein the hand-operated control device is movable with 

respect to the base.

84. The system of claim 83, wherein the hand-operated control device is moveable with 

respect to the base in at least two-directions of movement.

85. The system of claim 83, wherein the hand-operated control device is moveable with 

respect to the base in at least three-directions of movement.

86. The system of claim 83, wherein the hand-operated control device is moveable with 

respect to the base in four-directions of movement.
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87. The system of claim 83, wherein the hand-operated control device is movable with 

respect to the base in a direction corresponding to a longitudinal axis of the control stick.

88. The system of claim 87, wherein the HID is configured to generate the first control

. signal in response to a movement of the hand-operated control device in the direction 

corresponding to the longitudinal axis of the control stick.

89. The system of claim 88, wherein the controller is constructed and arranged to 

manipulate the articulating probe in response to the first control signal.

90. The system of claim 89, wherein the controller is constructed and arranged to adjust a 

position of extension of the articulating probe in response to a displacement of the of the 

hand-operated control device in the direction corresponding to the longitudinal axis of the 

control stick.

91. The system of claim 89, wherein the controller is constructed and arranged to adjust a 

velocity of movement of the articulating probe in response to a displacement of the of the 

hand-operated control device in the direction corresponding to the longitudinal axis of the 

control stick.

92. The system of claim 83, wherein the hand-operated control device is movable with 

respect to the base in a direction transverse to a longitudinal axis of the control stick.

93. The system of claim 92, wherein the HID is configured to generate the first control 

signal in response to a movement of the hand-operated control device in the direction 

transverse to the longitudinal axis of the control stick.

94. The system of claim 93, wherein the controller is constructed and arranged to steer the 

articulating probe in response to the first control signal.

95. The system of claim 72, wherein the hand-operated control device includes at least 

one joystick.
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96. The system of claim 95, wherein a first joystick of the at least one joystick is 

configured to generate the second control signal.

97. The system of claim 96, wherein the controller is constructed and arranged to advance 

or retract the surgical tool in response to the second control signal.

98. The system of claim 97, wherein the controller is constructed and arranged to adjust a 

position of extension of the surgical tool in response to a displacement of the first joystick in 

the direction corresponding to a longitudinal axis of the joystick.

99. The system of claim 97, wherein the controller is constructed and arranged to adjust a 

velocity of movement of the surgical tool in response to a displacement of the first joystick in 

the direction corresponding to a longitudinal axis of the control stick.

100. The system of claim 97, wherein a second joystick of the at least one joystick is 

configured to generate a fourth control signal.

101. The system of claim 100, wherein the controller is constructed and arranged to 

advance or retract a second surgical tool in response to the fourth control signal.

102. The system of claim 95, wherein the at least one joystick is movable with respect to 

the hand-operated control device in a direction corresponding to a longitudinal axis of the 

joystick.

103. The system of claim 102, wherein the hand-operated control device is configured to 

generate the second control signal in response to a movement of the joystick in the direction 

corresponding to the longitudinal axis of the joystick.

104. The system of claim 103, wherein the controller is constructed and arranged to 

advance or retract the surgical tool in response to the second control signal.

105. The system of claim 95, wherein the at least one joystick is movable with respect to 

the hand-operated control device in a direction transverse to a longitudinal axis of the joystick.
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106. The system of claim 105, wherein the hand-operated control device is configured to 

generate the second control signal in response to a movement of the joystick in the direction 

corresponding to the longitudinal axis of the joystick.

107. The system of claim 106, wherein the controller is constructed and arranged to 

articulate an articulation region of the surgical tool in response to the second control signal.

108. The system of claim 72, wherein the hand-operated control device includes a lever.

109. The system of claim 108, wherein a first end of an actuating cable is coupled to the 

lever and a second end of the actuating cable is coupled to a functional element of the 

surgical tool.

110. The system of claim 109, wherein the second end of the actuating cable is coupled to 

a mechanical linkage of the functional element.

111. The system of claim 109, wherein the lever is constructed and arranged to apply a 

tension to the actuating cable.

112. The system of claim 111, wherein the functional element is actuated in response to the 

tension applied to the actuating cable.

113. The system of claim 109, wherein the hand-operated control device includes an 

actuator.

114. The system of claim 113, wherein the actuator includes an actuator selected from the 

group consisting of: a linear actuator and a solenoid.

115. The system of claim 113, wherein the actuator is constructed and arranged to apply a 

tension to the actuating cable.

116. The system of claim 113, wherein the actuator is constructed and arranged to apply a 

tension to the actuating cable in response to an actuating control signal.
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117. The system of claim 116, wherein the hand-operated control device includes a force 

sensing button that generates the actuating control signal.

118. The system of claim 117, wherein a magnitude of tension applied to the actuating 

cable is proportional to a force applied to the force sensing button.

119. The system of claim 72, wherein the hand-operated control device includes a button.

120. The system of claim 119, wherein the button includes a force sensing resistor.

121. The system of claim 72, wherein the hand-operated control device includes a 

vibration transducer.

122. The system of claim 121, wherein the vibration transducer is activated in response to 

one of the articulating probe and the surgical tool abutting a cavity wall of a patient.

123. The system of claim 72, wherein the hand-operated control device includes a first set 

of push buttons.

124. The system of claim 123, wherein a first button of the first set of push buttons is 

configured to map directional movements of a first joystick of the hand-operated control 

device to electromechanical movements of the surgical tool.

125. The system of claim 124, wherein a second button of the first set of push buttons is 

configured to actuate a functional element of the surgical tool.

126. The system of claim 124, wherein the hand-operated control device includes a second 

set of push buttons.

127. The system of claim 126, wherein a first button of the second set of push buttons is 

configured to map directional movements of a second joystick of the hand-operated control 

device to electromechanical movements of a second surgical tool.
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128. The system of claim 127, wherein a second button of the second set of push buttons is 

configured to actuate a functional element of the second surgical tool.

129. The system of claim 72, wherein the hand-operated control device includes a mode 

selection switch.

130. The system of claim 129, wherein the mode selection switch is configured to map 

directional movements of a first joystick of the hand-operated control device to 

electromechanical movements of the surgical tool in a first mode.

131. The system of claim 130, wherein the mode selection switch is configured to map 

directional movements of a first joystick of the hand-operated control device to 

electromechanical movements of the articulating probe in a second mode.

132. The system of claim 72, wherein the hand-operated control device includes a display 

device.

133. The system of claim 132, wherein the display device includes one selected from the 

group consisting of a liquid crystal display, an organic light-emitting diode display, a light

emitting diode display, an electronic ink display and an electrophoretic display.

134. The system of claim 132, wherein the display device is configured to display an 

image captured by a camera of the articulating probe.

135. The system of claim 132, wherein the display device is configured to display a live 

video stream transmitted by a camera of the articulating probe.

136. The system of claim 132, wherein the display device is configured to prompt a user of 

the system.

137. The system of claim 136, wherein the display device is configured to prompt a user of 

the system with one or more steps of a medical procedure.
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138. The system of claim 136, wherein the display device is configured to inform a user of 

the system with one or more patient vitals.

139. The system of claim 1 further comprising a second surgical tool.

140. The system of claim 139, wherein the second surgical tool comprises:

a functional element at a distal end of a tool shaft:

a hand-operated lever at a proximal end of the tool shaft,

wherein the hand-operated lever is constructed and arranged to actuate the functional 

element.

141. The system of claim 140, wherein the second surgical tool includes a joystick.

142. The system of claim 141, wherein the joystick is integral with the hand operated lever.

143. The system of claim 141, wherein the joystick is removably coupled to the second

surgical tool.

144. The system of claim 141, wherein the joystick is affixed to the second surgical tool 

with an adhesive.

145. The system of claim 141, wherein the joystick is secured to the second surgical tool.

146. The system of claim 141, wherein the joystick is configured to generate the first 

control signal.

147. The system of claim 146, wherein the joystick is configured to generate the first 

control signal in response to a movement of the joystick.

148. The system of claim 1, wherein the HID includes a first multi-axis input device and a 

second multi-axis input device.

149. The system of claim 148, wherein the HID is coupled to a console.
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150. The system of claim 149, wherein the console includes at least one foot pedal.

151. The system of claim 150, wherein the at least one foot pedal is configured to generate 

a third control signal.

152. The system of claim 151, wherein a functional element of the surgical tool is activated 

in response to the third control signal.

153. The system of claim 148, wherein the HID is configured to generate the first control 

signal when a first user interface of the first multi-axis input device and a second user 

interface of the second multi-axis input device are coupled, and wherein the HID is 

configured to generate the second control signal when the first user interface of the first 

multi-axis input device and the second user interface of the second multi-axis input device are 

decoupled.

154. The system of claim 153, wherein the first user interface includes a stylus.

155. The system of claim 153, wherein the second user interface includes a stylus.

156. The system of claim 153 further comprising an electromechanical feeder system, 

wherein the electromechanical feeder system advances or retracts the articulating probe in 

response to the first control signal, and wherein the electromechanical feeder system 

advances or retracts the surgical tool in response to the second control signal.

157. The system of claim 153, wherein the HID includes a coupling member constructed 

and arranged to removably couple the first user interface with the second user interface.

158. The system of claim 148, wherein the HID is configured to generate the first control 

signal when a first user interface of the first multi-axis input device and a second user 

interface of the second multi-axis input device are synchronously moved.

159. The system of claim 158, wherein the HID is configured to generate the second 

control signal when the first user interface of the first multi-axis input device and the second 

user interface of the second multi-axis input device are independently moved.
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160. The system of claim 148, wherein a first user interface of the first multi-axis input 

device is moveable in at least three degrees of freedom, and wherein a second user interface 

of the second multi-axis input device is moveable in at least three degrees of freedom.

161. A system, comprising:

an articulating probe;

a surgical tool;

a controller constructed and arranged to manipulate at least one of the articulating 

probe and the surgical tool; and

a human interface device (HID) configured to generate a first control signal and a 

second control signal,

wherein the articulating probe is manipulated in response to the first control signal 

and the surgical tool is manipulated in response to the second control signal.

162. The system of at least one of the preceding claims, wherein the articulating probe 

includes an inner core having a plurality of inner links and an outer sleeve having a plurality 

of outer links.

163. The system of at least one of the preceding claims, wherein the inner core is at least 

partially positioned within the outer sleeve.

164. The system of at least one of the preceding claims further comprising an 

electromechanical feeder system, wherein the electromechanical feeder system is constructed 

and arranged to alternately advance or retract the inner core and the outer sleeve.

165. The system of at least one of the preceding claims, wherein the controller is 

constructed and arranged to advance and retract the articulating probe in response to the first 

control signal.

166. The system of at least one of the preceding claims, wherein the controller is 

constructed and arranged to steer the articulating probe in response to the first control signal.
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167. The system of at least one of the preceding claims, wherein the articulating probe 

includes a light source at a distal end of the articulating probe.

168. The system of at least one of the preceding claims, wherein the light source is 

activated in response to a third control signal generated by the HID.

169. The system of at least one of the preceding claims, wherein the third control signal is 

an electrical signal.

170. The system of at least one of the preceding claims, wherein the third control signal is 

transmitted from the HID to the electromechanical feeder system via a conductive wire.

171. The system of at least one of the preceding claims, wherein the articulating probe 

includes an image capture device at a distal end of the articulating probe.

172. The system of at least one of the preceding claims, wherein the image capture device 

is activated in response to a third control signal generated by the HID.

173. The system of at least one of the preceding claims, wherein the third control signal is 

transmitted from the HID to the electromechanical feeder system via a conductive wire.

174. The system of at least one of the preceding claims, wherein the image capture device 

transmits an image signal to the HID.

175. The system of at least one of the preceding claims, wherein the controller is 

constructed and arranged to advance or retract the surgical tool in response to the second 

control signal.

176. The system of at least one of the preceding claims, wherein the controller is 

constructed and arranged to steer the articulating probe in response to the first control signal.

177. The system of at least one of the preceding claims, wherein the surgical tool includes 

a tool shaft having an articulation region.
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178. The system of at least one of the preceding claims, wherein the articulation region of 

the tool shaft includes at least two segment links.

179. The system of at least one of the preceding claims, wherein the surgical tool includes 

a functional element coupled to a distal end of the tool shaft.

180. The system of at least one of the preceding claims, wherein the controller is 

constructed and arranged to advance or retract the distal end of the tool shaft with respect to a 

distal end of the articulating probe.

181. The system of at least one of the preceding claims, wherein the functional element 

includes one selected from the group consisting of: a grasper, a claw, a cutter, a knife, an 

ablator, a cauterizer, a drug delivery apparatus, a radiation source, an EKG electrode, a 

pressure sensor, a blood sensor, a camera, a light source, a snare, a basket, a balloon, a clamp, 

a magnet, a heating element and a cryogenic element.

182. The system of at least one of the preceding claims, wherein the surgical tool includes 

an actuator, the actuator coupled to the functional element via mechanical linkage.

183. The system of at least one of the preceding claims, wherein the functional element is 

activated in response to a third control signal generated by the HID.

184. The system of at least one of the preceding claims, wherein the actuator applies a 

force to the mechanical linkage in response to the third control signal.

185. The system of at least one of the preceding claims, wherein the functional element is 

activated in response to a third control signal generated by the HID.

186. The system of at least one of the preceding claims, wherein the third control signal is 

an electrical signal.

187. The system of at least one of the preceding claims, wherein the third control signal is 

transmitted from the HID to at least one of the controller or the surgical tool via a conductive 

wire.



WO 2012/167043 PCT/US2012/040414
47

5

10

15

20

25

30

188. The system of at least one of the preceding claims, wherein the third control signal is 

a mechanical signal.

189. The system of at least one of the preceding claims, wherein the third control signal is 

transferred from the HID to at least one of the controller or the surgical tool via an actuating 

cable.

190. The system of at least one of the preceding claims, wherein the actuating cable is 

coupled to the functional element.

191. The system of at least one of the preceding claims, wherein the actuating cable is 

coupled to mechanical linkage of the functional element.

192. The system of at least one of the preceding claims, wherein the actuating cable is 

coupled to a lever of the HID.

193. The system of at least one of the preceding claims, wherein a resistance applied to the 

functional element in response to the third control signal is transferred from the functional 

element to the lever.

194. The system of at least one of the preceding claims, wherein the third control signal 

includes a mechanical force that is transferred from the HID to the functional element via an 

actuating cable.

195. The system of at least one of the preceding claims, wherein the controller advances or 

retracts the articulating probe in response to the first control signal, and wherein the 

controller advances or retracts the surgical tool in response to the second control signal.

196. The system of at least one of the preceding claims, wherein the controller steers the 

articulating probe in response to the first control signal, and wherein the controller steers the 

surgical tool in response to the second control signal.
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197. The system of at least one of the preceding claims, wherein the controller 

simultaneously manipulates the articulating probe and the surgical tool.

198. The system of at least one of the preceding claims, wherein the controller sequentially 

manipulates the articulating probe and the surgical tool.

199. The system of at least one of the preceding claims, wherein the controller includes an 

electromechanical feeder system.

200. The system of at least one of the preceding claims, wherein the electromechanical 

feeder system advances or retracts the articulating probe in response to the first control signal, 

and wherein the electromechanical feeder system advances or retracts the surgical tool in 

response to the second control signal.

201. The system of at least one of the preceding claims, wherein the electromechanical 

feeder system steers the articulating probe in response to the first control signal, and wherein 

the electromechanical feeder system steers the surgical tool in response to the second control 

signal.

202. The system of at least one of the preceding claims, wherein the electromechanical 

feeder system simultaneously manipulates the articulating probe and the surgical tool.

203. The system of at least one of the preceding claims, wherein the electromechanical 

feeder system sequentially manipulates the articulating probe and the surgical tool.

204. The system of at least one of the preceding claims, wherein the controller includes a 

first feeding device constructed and arranged to control the manipulation of the articulating 

probe.

205. The system of at least one of the preceding claims, wherein the controller includes a 

first feeding device constructed and arranged to control advancement and retraction of the 

articulating probe.
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206. The system of at least one of the preceding claims, wherein the first feeding device 

includes at least one actuator constructed and arranged to advance or retract an inner core and 

an outer sleeve of the articulating probe.

207. The system of at least one of the preceding claims, wherein the first feeding device 

includes at least one actuator constructed and arranged to configure an inner core of the 

articulating probe in one of a limp or rigid mode.

208. The system of at least one of the preceding claims, wherein the at least one actuator is 

constructed and arranged to configure an outer sleeve of the articulating probe in one of the 

limp or rigid mode,

209. The system of at least one of the preceding claims, wherein the first feeding device 

includes at least one actuator constructed and arranged to steer at least one of an inner core 

and an outer sleeve of the articulating probe.

210. The system of at least one of the preceding claims, wherein the first feeding device 

includes a plurality of actuators.

211. The system of at least one of the preceding claims, wherein the at least one actuator 

includes an actuator selected from the group consisting of: a linear actuator, a rotary actuator 

and a solenoid.

212. The system of at least one of the preceding claims, wherein the controller includes a 

second feeding device constructed and arranged to control the manipulation of the surgical 

tool.

213. The system of at least one of the preceding claims, wherein the controller includes a 

second feeding device constructed and arranged to control the advancement and retraction of 

the surgical tool.

214. The system of at least one of the preceding claims, wherein the second feeding device 

includes at least one actuator constructed and arranged to advance or retract a shaft of the 

surgical tool.
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215. The system of at least one of the preceding claims, wherein the second feeding device 

includes at least one actuator constructed and arranged to articulate an articulation region of 

the surgical tool.

216. The system of at least one of the preceding claims, wherein the second feeding device 

includes at least one actuator constructed and arranged to actuate a functional element of the 

surgical tool.

217. The system of at least one of the preceding claims, wherein the second feeding device 

includes a plurality of actuators.

218. The system of at least one of the preceding claims, wherein the at least one actuator 

includes an actuator selected from the group consisting of: a linear actuator, a rotary actuator 

and a solenoid.

219. The system of at least one of the preceding claims, wherein the HID includes at least 

4-axes of movement.

220. The system of at least one of the preceding claims, wherein the HID includes a hand- 

operated control device coupled to a control stick and wherein the control stick is movably 

coupled to a base.

221. The system of at least one of the preceding claims, wherein the hand-operated control 

device is coupled to a proximal end of the control stick and wherein a distal end of the control 

stick is movably coupled to the base.

222. The system of at least one of the preceding claims, wherein the hand-operated control 

device is moveable with respect to the base in a first-axis of movement.

223. The system of at least one of the preceding claims, wherein the hand-operated control 

device is moveable with respect to the base in a second axis of movement.
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224. The system of at least one of the preceding claims, wherein the first-axis of movement 

is different from the second axis of movement.

225. The system of at least one of the preceding claims, wherein a joystick of the hand- 

operated control device is moveable with respect to the hand-operated control device in a 

third axis of movement.

226. The system of at least one of the preceding claims, wherein the joystick of the hand- 

operated control device is moveable with respect to the hand-operated control device in a 

fourth axis of movement.

227. The system of at least one of the preceding claims, wherein the third axis of 

movement is different from the second axis of movement.

228. The system of at least one of the preceding claims, wherein the joystick of the hand- 

operated control device is moveable with respect to the hand-operated control device in a 

fifth axis of movement.

229. The system of at least one of the preceding claims, wherein the fifth axis of movement 

is different from the third axis of movement and the fourth axis of movement.

230. The system of at least one of the preceding claims, wherein the hand-operated control 

device is moveable with respect to the base in a sixth axis of movement.

231. The system of at least one of the preceding claims, wherein the sixth axis of 

movement is different from the first axis of movement and the second axis of movement.

232. The system of at least one of the preceding claims, wherein the HID includes a hand- 

operated control device.

233. The system of at least one of the preceding claims, wherein the HID further includes a 

control stick and a base.
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234. The system of at least one of the preceding claims, wherein the base of the HID is 

coupled to a system console.

235. The system of at least one of the preceding claims, wherein the base of the HID is 

directly coupled to the system console.

236. The system of at least one of the preceding claims, wherein the base of the HID is 

fixedly attached to the system console.

237. The system of at least one of the preceding claims, wherein the base of the HID is 

coupled to a table.

238. The system of at least one of the preceding claims, wherein the base of the HID is 

directly coupled to the table.

239. The system of at least one of the preceding claims, wherein the base of the HID is 

fixedly attached to the table.

240. The system of at least one of the preceding claims, wherein the table is an operating 

table.

241. The system of at least one of the preceding claims, wherein the electromechanical 

feeder system is coupled to the table via a support.

242. The system of at least one of the preceding claims, wherein the hand-operated control 

device is coupled to a proximal end of the control stick, and wherein the base is slidably 

coupled to a distal end of the control stick.

243. The system of at least one of the preceding claims, wherein the hand-operated control 

device is movable with respect to the base.

244. The system of at least one of the preceding claims, wherein the hand-operated control 

device is moveable with respect to the base in at least two-directions of movement.
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245. The system of at least one of the preceding claims, wherein the hand-operated control 

device is moveable with respect to the base in at least three-directions of movement.

246. The system of at least one of the preceding claims, wherein the hand-operated control 

device is moveable with respect to the base in four-directions of movement.

247. The system of at least one of the preceding claims, wherein the hand-operated control 

device is movable with respect to the base in a direction corresponding to a longitudinal axis 

of the control stick.

248. The system of at least one of the preceding claims, wherein the HID is configured to 

generate the first control signal in response to a movement of the hand-operated control 

device in the direction corresponding to the longitudinal axis of the control stick.

249. The system of at least one of the preceding claims, wherein the controller is 

constructed and arranged to manipulate the articulating probe in response to the first control 

signal.

250. The system of at least one of the preceding claims, wherein the controller is 

constructed and arranged to adjust a position of extension of the articulating probe in 

response to a displacement of the of the hand-operated control device in the direction 

corresponding to the longitudinal axis of the control stick.

251. The system of at least one of the preceding claims, wherein the controller is 

constructed and arranged to adjust a velocity of movement of the articulating probe in 

response to a displacement of the of the hand-operated control device in the direction 

corresponding to the longitudinal axis of the control stick.

252. The system of at least one of the preceding claims, wherein the hand-operated control 

device is movable with respect to the base in a direction transverse to a longitudinal axis of 

the control stick.
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253. The system of at least one of the preceding claims, wherein the HID is configured to 

generate the first control signal in response to a movement of the hand-operated control 

device in the direction transverse to the longitudinal axis of the control stick.

254. The system of at least one of the preceding claims, wherein the controller is 

constructed and arranged to steer the articulating probe in response to the first control signal.

255. The system of at least one of the preceding claims, wherein the hand-operated control 

device includes at least one joystick.

256. The system of at least one of the preceding claims, wherein a first joystick of the at 

least one joystick is configured to generate the second control signal.

257. The system of at least one of the preceding claims, wherein the controller is 

constructed and arranged to advance or retract the surgical tool in response to the second 

control signal.

258. The system of at least one of the preceding claims, wherein the controller is 

constructed and arranged to adjust a position of extension of the surgical tool in response to a 

displacement of the first joystick in the direction corresponding to a longitudinal axis of the 

joystick.

259. The system of at least one of the preceding claims, wherein the controller is 

constructed and arranged to adjust a velocity of movement of the surgical tool in response to 

a displacement of the of the first joystick in the direction corresponding to a longitudinal axis 

of the control stick.

260. The system of at least one of the preceding claims, wherein a second joystick of the at 

least one joystick is configured to generate a fourth control signal.

261. The system of at least one of the preceding claims, wherein the controller is 

constructed and arranged to advance or retract a second surgical tool in response to the fourth 

control signal.
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262. The system of at least one of the preceding claims, wherein the at least one joystick is 

movable with respect to the hand-operated control device in a direction corresponding to a 

longitudinal axis of the joystick.

263. The system of at least one of the preceding claims, wherein the hand-operated control 

device is configured to generate the second control signal in response to a movement of the 

joystick in the direction corresponding to the longitudinal axis of the joystick.

264. The system of at least one of the preceding claims, wherein the controller is 

constructed and arranged to advance or retract the surgical tool in response to the second 

control signal.

265. The system of at least one of the preceding claims, wherein the at least one joystick is 

movable with respect to the hand-operated control device in a direction transverse to a 

longitudinal axis of the joystick.

266. The system of at least one of the preceding claims, wherein the hand-operated control 

device is configured to generate the second control signal in response to a movement of the 

joystick in the direction corresponding to the longitudinal axis of the joystick.

267. The system of at least one of the preceding claims, wherein the controller is 

constructed and arranged to articulate an articulation region of the surgical tool in response to 

the second control signal.

268. The system of at least one of the preceding claims, wherein the hand-operated control 

device includes a lever.

269. The system of at least one of the preceding claims, wherein a first end of an actuating 

cable is coupled to the lever and a second end of the actuating cable is coupled to a functional 

element of the surgical tool.

270. The system of at least one of the preceding claims, wherein the second end of the 

actuating cable is coupled to a mechanical linkage of the functional element.
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271. The system of at least one of the preceding claims, wherein the lever is constructed 

and arranged to apply a tension to the actuating cable.

272. The system of at least one of the preceding claims, wherein the functional element is 

actuated in response to the tension applied to the actuating cable.

273. The system of at least one of the preceding claims, wherein the hand-operated control 

device includes an actuator.

274. The system of at least one of the preceding claims, wherein the actuator includes an 

actuator selected from the group consisting of: a linear actuator and a solenoid.

275. The system of at least one of the preceding claims, wherein the actuator is constructed 

and arranged to apply a tension to the actuating cable.

276. The system of at least one of the preceding claims, wherein the actuator is constructed 

and arranged to apply a tension to the actuating cable in response to an actuating control 

signal.

277. The system of at least one of the preceding claims, wherein the hand-operated control 

device includes a force sensing button that generates the actuating control signal.

278. The system of at least one of the preceding claims, wherein a magnitude of tension 

applied to the actuating cable is proportional to a force applied to the force sensing button.

279. The system of at least one of the preceding claims, wherein the hand-operated control 

device includes a button.

280. The system of at least one of the preceding claims, wherein the button includes a force 

sensing resistor.

281. The system of at least one of the preceding claims, wherein the hand-operated control 

device includes a vibration transducer.
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282. The system of at least one of the preceding claims, wherein the vibration transducer is 

activated in response to one of the articulating probe and the surgical tool abutting a cavity 

wall of a patient.

283. The system of at least one of the preceding claims, wherein the hand-operated control 

device includes a first set of push buttons.

284. The system of at least one of the preceding claims, wherein a first button of the first 

set of push buttons is configured to map directional movements of a first joystick of the hand- 

operated control device to electromechanical movements of the surgical tool.

285. The system of at least one of the preceding claims, wherein a second button of the 

first set of push buttons is configured to actuate a functional element of the surgical tool.

286. The system of at least one of the preceding claims, wherein the hand-operated control 

device includes a second set of push buttons.

287. The system of at least one of the preceding claims, wherein a first button of the 

second set of push buttons is configured to map directional movements of a second joystick 

of the hand-operated control device to electromechanical movements of a second surgical 

tool.

288. The system of at least one of the preceding claims, wherein a second button of the 

second set of push buttons is configured to actuate a functional element of the second surgical 

tool.

289. The system of at least one of the preceding claims, wherein the hand-operated control 

device includes a mode selection switch.

290. The system of at least one of the preceding claims, wherein the mode selection switch 

is configured to map directional movements of a first joystick of the hand-operated control 

device to electromechanical movements of the surgical tool in a first mode.
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291. The system of at least one of the preceding claims, wherein the mode selection switch 

is configured to map directional movements of a first joystick of the hand-operated control 

device to electromechanical movements of the articulating probe in a second mode.

292. The system of at least one of the preceding claims, wherein the hand-operated control 

device includes a display device.

293. The system of at least one of the preceding claims, wherein the display device 

includes one selected from the group consisting of a liquid crystal display, an organic light

emitting diode display, a light-emitting diode display, an electronic ink display and an 

electrophoretic display.

294. The system of at least one of the preceding claims, wherein the display device is 

configured to display an image captured by a camera of the articulating probe.

295. The system of at least one of the preceding claims, wherein the display device is 

configured to display a live video stream transmitted by a camera of the articulating probe.

296. The system of at least one of the preceding claims, wherein the display device is 

configured to prompt a user of the system.

297. The system of at least one of the preceding claims, wherein the display device is 

configured to prompt a user of the system with one or more steps of a medical procedure.

298. The system of at least one of the preceding claims, wherein the display device is 

configured to inform a user of the system with one or more patient vitals.

299. The system of at least one of the preceding claims further comprising a second 

surgical tool.

300. The system of at least one of the preceding claims, wherein the second surgical tool 

comprises:

a functional element at a distal end of a tool shaft;

a hand-operated lever at a proximal end of the tool shaft,



WO 2012/167043 PCT/US2012/040414
59

5

10

15

20

25

30

wherein the hand-operated lever is constructed and arranged to actuate the functional

element.

301. The system of at least one of the preceding claims, wherein the second surgical tool 

includes a joystick.

302. The system of at least one of the preceding claims, wherein the joystick is integral 

with the hand operated lever.

303. The system of at least one of the preceding claims, wherein the joystick is removably 

coupled to the second surgical tool.

304. The system of at least one of the preceding claims, wherein the joystick is affixed to 

the second surgical tool with an adhesive.

305. The system of at least one of the preceding claims, wherein the joystick is secured to 

the second surgical tool.

306. The system of at least one of the preceding claims, wherein the joystick is configured 

to generate the first control signal.

307. The system of at least one of the preceding claims, wherein the joystick is configured 

to generate the first control signal in response to a movement of the joystick.

308. The system of at least one of the preceding claims, wherein the HID includes a first 

multi-axis input device and a second multi-axis input device.

309. The system of at least one of the preceding claims, wherein the HID is coupled to a 

console.

310. The system of at least one of the preceding claims, wherein the console includes at 

least one foot pedal.
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311. The system of at least one of the preceding claims, wherein the at least one foot pedal 

is configured to generate a third control signal.

312. The system of at least one of the preceding claims, wherein a functional element of 

the surgical tool is activated in response to the third control signal.

313. The system of at least one of the preceding claims, wherein the HID is configured to 

generate the first control signal when a first user interface of the first multi-axis input device 

and a second user interface of the second multi-axis input device are coupled, and wherein 

the HID is configured to generate the second control signal when the first user interface of the 

first multi-axis input device and the second user interface of the second multi-axis input 

device are decoupled.

314. The system of at least one of the preceding claims, wherein the first user interface 

includes a stylus.

315. The system of at least one of the preceding claims, wherein the second user interface 

includes a stylus.

316. The system of at least one of the preceding claims, wherein the electromechanical 

feeder system advances or retracts the articulating probe in response to the first control signal, 

and wherein the electromechanical feeder system advances or retracts the surgical tool in 

response to the second control signal.

317. The system of at least one of the preceding claims, wherein the HID includes a 

coupling member constructed and arranged to removably couple the first user interface with 

the second user interface.

318. The system of at least one of the preceding claims, wherein the HID is configured to 

generate the first control signal when a first user interface of the first multi-axis input device 

and a second user interface of the second multi-axis input device are synchronously moved.

319. The system of at least one of the preceding claims, wherein the HID is configured to 

generate the second control signal when the first user interface of the first multi-axis input
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device and the second user interface of the second multi-axis input device are independently

moved.

320. The system of at least one of the preceding claims, wherein a first user interface of the 

first multi-axis input device is moveable in at least three degrees of freedom, and wherein a 

second user interface of the second multi-axis input device is moveable in at least three 

degrees of freedom.

321. A system as described in reference to the figures.

322. An articulating probe as described in reference to the figures.

323. A surgical tool as described in reference to the figures.

324. A controller as described in reference to the figures.

325. A method of controlling a robotic system as described in reference to the figures.

326. A human interface device as described in reference to the figures.

327. A method of performing a medical procedure as described in reference to the figures.
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