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HAND ACTUATED, ARTICULATING DEVICE HAVING AN ELECTRIC FORCE

ENHANCEMENT SYSTEM

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to hand-actuated articulating devices
wherein the device includes an electric force enhancement system therein. One
aspect of the present invention relates to a hand-actuated articulating surgical
instrument for use in minimally invasive surgical procedures wherein the

instrument includes an electric force enhancement system therein.

Backaround of the Related Art

[0002] Laparoscopic surgery is well known in the art. However, current
laparoscopic surgical instruments typically have straight bodies that are rather
awkward to use. While such existing laparoscopic surgical instruments can
perform invasive surgical procedures, the instruments are awkward to manipulate
around corners and other such hard to reach places. Moreover, existing
laparoscopic surgical instruments typically use push rods, cables and hydraulic
lines to manipulate the surgical tip of the instruments. As the size of existing
laparoscopic surgical instruments is reduced, the hydraulic lines used therein are
also being decreased in size as well. However, when the hydraulic lines
decrease in size, manually forcing hydraulic fluid through the hydraulic lines

becomes more difficult to accomplish. Moreover, if a surgeon is controlling the
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surgical instrument within the body from a distance or remote location from the
patient, the hydraulic lines are relatively long, wherein manually forcing liquid
through the hydraulic lines becomes difficult to accomplish. Furthermore, friction
and unwanted resistive forces occur when moving the surgical instruments,
thereby limiting the tactile feedback sensed by the surgeon.

[0003] Thus, during prolonged surgical procedures, or in cases where the
surgeon is at a remote location relative to the instrument and patient, the surgeon
typically experiences hand fatigue. Further, the friction produced while
manipulating the surgical instrument masks or significantly limits the tactile
feedback sensed by the surgeon.

[0004] Thus, there is a need in the art for a hand-actuated, articulating
device that is easy to use, compensates for the friction or other resistance to
motion, and reduces the hand fatigue experienced by the user. Further, there is
a need in the art for a hand-actuated, articulating device that is capable of being

easily manipulated around corners and other such hard to reach places.

SUMMARY OF THE INVENTION

[0005] While discussion of the aspects of the present invention that follows
uses surgery for an illustrative purpose, it should be appreciated that the
environment of the present invention is not limited to surgery and may be used in
a variety of other environments. For example, aspects of the present invention
may be used in manufacturing, construction, assembly lines, handling and

disposing of hazardous materials, underwater manipulations, handling high
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temperature materials, or any other environment where a user may be remote
from the item being manipulated or may experience fatigue when operating a
mechanical device.

[0006] Aspects of the present invention aid a user, for example, a surgeon
or other such medical practitioner in manipulating the hand-actuated articulating
surgical instrument by providing an electric force enhancement thereto. The
electric force enhancement compensates for the friction and unwanted resistive
forces produced by the initiation of motion or a force input of the hand-actuated
articulating surgical instrument within the patient. Additional aspects of the
present invention provide a hand-actuated articulating surgical instrument that is
capable of being manipulated around corners and functioning in hard to reach
places.

[0007] In one aspect of the present invention, a surgeon inputs a force to
the inventive surgical instrument, causing the surgical instrument to move in a
direction of the inputted force. A sensing device' detects that motion and/or a
force of the inventive surgical instrument has been initiated and transmits a
detected motion signal to an electric element. The electric element provides an
electric force enhancement to the inventive surgical instrument, aiding the motion
by compensating for any unwanted friction and/or other such resistance forces
experienced by the instrument when being manipulated, e.g., by providing a
compensating force acting in the same direction as the input, for example, within

the patient.
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[0008] In another aspect of the present invention, a control device may be
used. When the sensing device detects that motion has been initiated, the
sensing device sends a signal to the control device, which transmits a control
signal to the electric element. The electric element emits a compensating force
acting in the same direction as the input, to the inventive surgical instrument that
is in the patient and aids the motion of the inventive surgical instrument by
compensating for any unwanted friction and/or other such resistance forces
experienced by the instrument when being manipulated within the patient.

[0009] Aspects of the present invention provide benefits and advantages
that include the ability to compensate for friction and unwanted resistance that
occurs when manipulating the surgical instrument within a patient. Thus,
manipulating the surgical instrument within the patient is easier to accomplish
and fatigue experienced by the surgeon is reduced. Further, compensating for
the unwanted resistance of the instrument's motion increases the tactile
feedback the surgeon feels when operating the surgical instrument. Additionally,
the present invention creates a smooth force enhancement response to the
motion inputted by the surgeon.

[0010] Aspects of the present invention aid the surgeon in manipulating
the surgical instrument in the direction of the motion inputted by the surgeon.
Moreover, the present invention is capable of achieving a high degree of
articulation, thus being easier to manipulate around corners and function in hard

to reach places.
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[0011] Additional advantages and novel features relating to the present
invention will be set forth in part in the description that follows, and in part will
become more apparent to those skilled in the art upon examination of the

following or upon learning by practice of aspects of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The present invention will become fully understood from the
detailed description given herein below and the accompanying drawings, which
are given by way of illustration and example only and thus not limited with
respect to aspects of the present invention, wherein:

[0013] Figure 1 is a schematic diagram of a hand-actuated, articulating
surgical instrument having an electric force enhancement system in accordance
with an aspect of the present invention;

[0014] Figure 2 is a side view of a control handle having rotary capability in
accordance with an aspect of the present invention;

[0015] Figure 3 is a side view of a control handle having rotary capability
coupled to an electric force enhancement system in accordance with an aspect
of the present invention;

[0016] Figure 4 is a schematic diagram of a strain gage type sensing
element used with the present invention;

[0017] Figure 5 is a schematic diagram of a switch type sensing element

used with the present invention; and
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[0018] Figure 6 is a side view of a rotary sensing element and a rotary

electric element in accordance with an aspect of the present invention.

DETAILED DESCRIPTION OF ASPECTS OF THE PRESENT INVENTION

[0019] Aspects of the present invention will now be described more fully
hereinafter with reference to the accompanying drawings, in which variations and
aspects of the present invention are shown. Aspects of the present invention
may, however, be realized in many different forms and should not be construed
as limited to the variations set forth herein; rather, the variations are provided so
that this disclosure will be thorough and complete in the illustrative
implementations, and will fully convey the scope thereof to those skilled in the
art.

[0020] Unless otherwise defined, all technical and scientific terms used
herein have the same meaning as commonly understood by one of ordinary skill
in the art to which aspects of the present invention belong. The methods and
examples provided herein are illustrative only and not intended to be limiting.
[0021] Turning now to Figure 1, illustrated is a hand actuated articulating
device 1 in accordance with an aspect of the present invention. The device 1
includes an enhancement system 122 that receives one or more user inputs to
direct a slave system 124 to perform work. The enhancement system 122
includes an input receiver 102, such as a shaft, that receives an input 120 from
the user. The enhancement system 122 also includes an electric element 106

that assists in transferring the user input to the slave system 124 by providing an
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electric force enhancement that compensates for the friction and unwanted
resistive forces produced by the initiation of motion and/or a force by the system.
In an aspect, the electric force enhancement may be a compensating force
acting in the same direction as the input assisting the motion of the system and
compensating for the friction and unwanted resistive forces produced by the
system. It should be appreciated that the work being performed by the system
may result from mechanical transmissions through input receiver 102. The
enhancement system 122 further includes a sensing element 104 that assists in
activating the electric element 108 with an appropriate amount of power in the
appropriate direction by detecting when a motion and/or force has been initiated
by the user. In addition, the enhancement system 122 includes a control circuit
108 which assists in transferring the user input to the electric element 106.

[0022] The shaft 102 may include, but is not limited to, any device or
mechanism configured to receive one or more user inputs, and to transmit all or
some portion of the user inputs, or a representation thereof, to the sensing
element 104 and/or the electric element 106. As such, the shaft 102 is
operationally connected to the electric element 106 with the sensing element 104
disposed between a proximal end of the shaft 102 and a proximal end of the
electric element 106. For example, the shaft 102 may have one or more input
mechanisms to receive hand- or finger- actuated inputs from a user of device 1.
In other aspects, the shaft 102 may include input mechanisms to receive foot-
actuated inputs, arm- or body-actuated inputs, etc. from the user. In further

aspects, the shaft 102 may include input mechanisms to receive voice- or audio-
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actuate or eye-actuated inputs from the user. The input mechanisms may
include, but is not limited to, one or more of for example, a joystick, a track ball, a
rotary knob, an encoder, or a manipulator, among other input mechanisms. An
example of an input mechanism is illustrated in Figure 2.

[0023] The sensing element 104 detects the initiation of movement of the
shaft 102 by the user. It should be appreciated that the sensing element 104, for
example, may be, but is not limited to, being located on top of, below, covering,
or surrounding the shaft 102. Additionally, the sensing element 104 may be
directly or indirectly connected to the shaft 102. The sensing element 104 may
be, but is not limited to for example, a strain gage, a small-displacement bipolar
switch, a monopolar switch, two monopolar switches, a closing switch, an
element which detects compression and tension, an element which detects
torsion, an element which detects bending, an element which detects a resistant
value changing in response to the force 120, an optical system which detects
deflection or changes in the transmission of light in response to the force 120, or
any other suitable sensing element that may detect motion initiation and/or force
applied to the shaft 102. The sensing element 104 transmits a signal with the
detected force and/or motion of the shaft 102 to the electric element 106.

[0024] The electric element 106 may be in series or parallel to the shaft
102 and the sensing element 104. Moreover, the electric element 106 may be
directly or indirectly connected to the shaft 102. The electric element 106 may
be, but is not limited to for example, a linear motor or a linear voice coil, a rotary

motor, a rotary voice coil, or any other device that quickly responds to motion and
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may have a high frequency response. In addition, the control circuit 108 may be
directly or indirectly connected to the sensing element 104 and the electric
element 106. The control circuit 108 may receive a signal from the sensing
device and transmits a control signal to the electric element 106. The control
signal may include, but is not limited to for example, a current to energize the
electric element 106 based upon the user input. It should be appreciated that the
current may be variable, e.g., increase and/or decrease, based upon the user
input. In addition, the control circuit 108 may be, but is not limited to, a series of
non-programmable elements, one or more hard wired elements, a compﬁter ora
processor, among others. The control circuit 108 may also periodically perform a
self-check prior to operation and/or a system check for determining whether the
system is operating properly, e.g., determining whether the electric element 106
is providing the correct amount of force to compensate for the friction forces of
the system. If the control circuit 108 determines that the electric element 106 is
not providing the correct amount of force, then the control circuit 108 may modify
the amount of current supplied to the electric element 106 to increase and/or
reduce the amount of force provided by the electric element 1086,

[0025] Optionally, in an aspect, the enhancement system 122 may also
include an output sensor 130, e.g. a motion or a force sensor, operationally
connected to the device and/or work piece and the control circuit 108. For
example, if the output sensor 130 determines that the amount of force and/or
movement of the electric element 106 is providing has dropped below the

amount determined to compensate for the friction forces, then the output sensor
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130 may send a signal to the control circuit to increase the current supplied to the
electric element 106 to increase the compensating force. Alternatively, if the
output sensor 130 determines that the amount of force and/or movement of being
provided by the electric element 106 is above the amount determined to
compensate for the friction forces, then the output sensor 130 may send a signal
to the control circuit 108, which in turn decreases the current supplied to the
electric element 106 to decrease the compensating force. Thus, the output
sensor 130 may gauge the amount of force and/or movement being provided by
the electric element 106 -and assist in changing the current supplied to the
electric element 106, e.g., ramping up and/or down the amount of current
supplied to the electric element 106 to change the compensating force based on
feedback based on actual output.

[0026] In addition, it should be appreciated that other sensors may be
employed in helping to control the current supplied to the electric element 1086.
The sensors may include, but are not limited to for example, velocity,
acceleration, deflection, temperature, angle, pressure, mass, weight, or position
sensors, among others. In one aspect, acceleration sensors may be used by the
control circuit 108 to learn the characteristics of the surgeon’s hand motions in
order to adjust the ramp up and/or ramp down of electric power provided to the
electric element 106. In another aspect, angle sensors may be used by the
control circuit 108 to determine the angular position or attitude of the device and

in response to adjust the current.
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[0027] Further, the slave system 124 is operationally connected to a distal
end of the shaft 102. The slave system 124 may be any device or mechanism
configured to receive one or more inputs, such as user inputs or representations
thereof, from the shaft 102, and generate a corresponding output to control the
functioning end 118 in a manner proportional to, or as a function of, the original
user input 120. For example, in an aspect, the slave system 124 includes, but is
not limited to, a double-acting closed loop hydraulic system including a control
cylinder 110 operationally connected to a slave cylinder 112 by hydraulic control
lines 114 and 116. Additionally, a functioning end 118 is operationally connected
to a distal end of the slave cylinder 112. In this aspect, the closed loop double-
acting hydraulic circuit is the basic mechanical element used to transmit force to
the distal end of the device 1, e.g., the slave system 124. For example, the
control cylinder 110 receives an input, such as all or a portion of a user input or
representation thereof, and transmits the input via the hydraulic control lines 114
or 116 to slave cylinder 112, which generates an output used to drive the
functioning end 118 of the slave system 124. In these aspects, the closed loop
double-acting hydraulic system has the same or similar functionality as disclosed
in U.S. Patent No. 6,607,475 which is incorporated herein in its entirety by
reference. In another aspect, the slave system 124 and the enhancement
system 122 may be integrated into a single system. In an alternative aspect, the
slave cylinder 112 and control cylinder 110 may be replaced with a mechanical
element operationally connected to a distal end of the shaft 102 and a proximal

end of the functioning end 118. The mechanical element may be, but is not
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limited to for example, linkage gears, cams, a series of u-joints, push-pull wire or
cable, a cable/pulley system, a cable gear shift system, a push-pull chain, a
push-pull-rotate chain, lead screws, a push-pull flexible strap, a flexible steel
band, or any combination of these mechanical elements (e.g. a series of u-joints
and a push-pull chain), among other mechanical elements which may cause
fatigue when a user manipulates the mechanical elements.

[0028] The functioning end 118 receives as an input the output from the
corresponding slave system 124, and in response performs some work that is
controlled as a function of one or more of the original user inputs 120 received by
the shaft 102. As such, the functioning end 118 may include or may be
connected to any one or combination of devices or mechanisms configured to
perform any type of work. In an aspect of the present invention, the functioning
end 118 may include or may be connected to a variety of tools. For example, but
not limited hereto, the functioning end 118 may include or may be connected to a
surgical tool, surgical instrument, scissors, knives, screwdrivers, clamps, or
pliers, among other tools.

[0029] In addition, the shaft 102 may have, but is not limited to, a structure
such as solid, hollow or a “C” shape. In an aspect where the shaft 102 is solid,
the hydraulic lines and the electric circuitry may be connected to the outside of
the shaft 102. In an aspect where the shaft 102 is hollow, the hydraulic lines and
the electric circuitry may be inside the shaft 102, passing through a lumen.

Further, in aspect where the shaft 102 is a “C” shape, there may be a longitudinal
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slit or other shaped aperture in the shaft allowing the hydraulic lines and electric
circuitry to pass both inside and outside the shaft 102.

[0030] In one variation, the enhancement system 122 is located outside of
the patient’s body, e.g., connected to and supported by the operating room table.
In other aspects, the enhancement system 122 may be located remote from the
slave system 124, e.g., in another room or location. Appropriate wired and/or
wireless connections can be made between the enhancement system 122 and
the slave system 124,

[0031] In operation, the user's hands, arms and/or fingers, for example,
may guide the movement of device 1 by applying a force 120 to the proximal end
of the shaft 102. The force 120 is transmitted to the shaft 102, moving the shaft
102 in a direction corresponding to a direction of the force 120. For example, if
the user inputs a linear pushing force, then a compensating force aids the
movement of the mechanical load (e.g. the shaft in a linear direction). The force
compensates for one or more friction forces produced by moving the shaft 102 in
the direction of the force 120. For example, the friction forces may include
friction forces 128 caused by resistance in moving fluid through hydraulic control
lines 114 and 116.

[0032] In an aspect, an equation for determining the set point for the

compensating force may include:

(1) Fe=C - Fp, where
C<1,and
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[0033] F. is the electric compensation force, e.g., the force provided by the
electric element 106; F, is the parasitic system force, e.g., the friction and/or
unwanted resistive forces produced by moving the system; and C is the
compensating force typically set below the parasitic system force F,. For
example, if C = 0.9, then the electric compensation force provided would be 90%
of the parasitic system force, e.g., F; = (0.9)( Fp).
[0034] In addition, if the compensation force, as discussed above in
regards to equation (1), is not applied to the force inputted by the user, then the
force inputted by the user may be calculated using the following equation:

(2) Fi=F,+F,
where Fiis the force inputted by the user, e.g., force 120; F;, is the parasitic
system force; and F, is the reaction force by target. Thus, when the
compensating force is not applied to the user’s input, the user senses both the
reaction forces by the target and the friction forces of the system when applying

force to the device.

[0035] However, if the force inputted by the user does include the
compensating force, as discussed above in regards to equation (1), then the
force inputted by the user may be calculated using the following equation:

(3) Fi=Fp—F¢+F,
where Fjis the force inputted by the user, e.g., force 120; F, is the parasitic
system force; F. is the electric compensation force, as calculated above in
regards to equation (1); and F, is the reaction force by target. Thus, when the

compensating force is applied to the user’s input, the user senses the resistance

14
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for the work being performed and not the friction forces of the system, e.g.,

moving hydraulic fluid through the system.

[0036] The compensating force may be a preset factor (e.g., at the factory
or in the operating room, among other locations) or the compensating force may
be a self-learned factor from measuring the resistance to moving the shaft. In an
aspect, the preset factor may be set above or below the friction forces 128
associated with moving the shaft 102 or some fraction thereof. It should be
appreciated that the motion of the shaft 102 may be, for example, pushing,
pulling, rotating, moving to the left, moving to the right, moving upwards, moving
downwards, bending, spinning, moving diagonally, or any other direction that
_may be necessary for device 1 o move. Further, in an alternative, the user may
apply force 120 to an input mechanism, not shown, that is operationally
connected to the shaft 102.

[0037] Referring now to Figure 2, illustrated is an example of a control
handle input mechanism 902 that may receive inputs from a user and transfer the
inputs to device 1 (Fig. 1). The control handle 902 rotates around a first axis 904
and is operationally connected to a first pendulum gear 906. The motion and/or
force initiated from rotating the control handle 902 around the first axis 904
causes the first pendulum gear 906 to rotate, for example, in a swinging motion
around the first axis 904. The swinging motion of the first pendulum gear 906
rotates an intermediate gear 908. The intermediate gear 908 is disposed
between the first pendulum gear 906 and a second pendulum gear 910. The

rotation from the intermediate gear 908 causes the second pendulum gear 910 to
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rotate in a swinging motion around a second axis 918 to which the second
pendulum gear 910 is operationally connected to the second axis 918, wherein
the second axis 918 is defined by a lead screw 912. The swinging motion of the
second pendulum gear 910 causes the lead screw 912 to rotate around the
second axis 918. A lead nut 914 is disposed between and operationally
connected to the lead screw 912 and a hydraulic cylinder 916. The motion
and/or force initiated from rotating the lead screw 912 causes the shaft of the
hydraulic cylinder 916 to move along the second axis. In an aspect, the hydraulic
cylinder 916 may be operationally connected to the lead nut 914 wherein the
movement of the lead screw 912 creates the force 120 input to the lead nut 914,
It should be understood that input mechanism 902 is only one, non-limiting
example of an input mechanism operable with device 1. It should also be
understood that the lead nut 914 may be operationally connected to the
enhancement system 122 (Fig. 1), as illustrated in Figure 3.

[0038] Turning back to Figure 1, the sensing element 104 detects the
initiation of movement of the shaft 102, The sensing element 104 may be, but is
not limited to for example, a strain gage, a small-displacement bipolar switch,
monopolar switches, a closing switch, an element which detects compression
and tension, an element which detects a resistant value changing in response to
the force 120, an optical system which detects deflection or changes in the
transmission of light in response to the force 120, or any other suitable sensing
element that may detect motion initiation and/or force applied to the shaft 102,

The sensing element 104 transmits a signal with the detected force and/or

16
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motion of the shaft 102 to the control circuit 108, activating the electric element
106 in an appropriate direction. In addition, in one aspect, the output from the
sensing element 104 may be transmitted to the control circuit 108 for
appropriately varying the current to the electric element 106. For example, the
control circuit 108 may determine how quickly the electric element 106 should
move based upon the detected force and/or motion from the sensing element
104, e.g., ramps up and/ or down the movement of the electric element 106
based upon the user input 120. Thus, the amount of force provided by the
electric element 106 may be variable based upon the force and/or speed of the
user input. It should be appreciated that the electric element 106 may be, but is
not limited to among others, a voice coil, a linear motor, or any other device that
quickly responds to the initiation of motion and/or a force input and may have a
high frequency response.

[0039] The electric element 106 responds to the signal transmitted from
the sensing element 104 by emitting a force to the shaft 102 in the same
direction as the force 120. The force aids the user in moving the shaft 102 in the
direction of the force 120. For example, if the user wants to move the shaft 102
to the left, the sensing element 104 detects the initiation of motion and/or a force
input to the shaft 102 and activates the electric element 106 to emit a force aiding
the user in moving the shaft 102 to the left. The force compensates for the
friction forces 128 produced by moving the shaft 102 allowing the user to sense

the reaction forces 126 and not the friction forces 128. In an aspect of the
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present invention, the sensing element 104 transmits a signal with the detected
motion of the shaft 102 to the control circuit 108.

[0040] The control circuit 108 may be, but is not limited to, a series of non-
programmable elements, one or more hard wired elements, a computer, or a
processor, among other control circuits. The control circuit 108 transmits a
signal, e.g., a power signal, to the electric element 106 causing the electric
element to emit a force in the same direction as force 120. The force
compensates for the friction forces 128 produced by moving the shaft 102
allowing the user to sense the reaction forces 126, not the friction forces, such as
friction force 128. It should be appreciated that the force produced by electric
element 106 is approximately equal to the resistance to motion, for example
friction, of the shaft 102 in the direction of force 120. Resistance forces, which
may be variable based upon, for example, but not limited to, temperature of the
patient, position of the device 1, the device 1 entering and existing surgical ports,
the lubrication of the hydraulic lines, position of the hydraulic lines, e.g., straight
or coiled around a bend, the axis of movement, the type of surgical procedure
being performed, temperature of the operating room, time, and any other factor
which may cause the friction force 128 to change.

[0041] Further, it should be appreciated that the force emitted by electric
element 106 may be a preset factor near the resistance to motion of the device 1.
In an aspect, the preset factor may be set above or below the friction forces 128
of the shaft 102 or some fraction thereof. For example, if the friction force 128 for

moving the mechanical load (e.g. moving the shaft 102 in a direction
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corresponding to a direction of the force 120) is equal to 1 pound (Ib), then the
preset factor may be set at 0.9 resulting in a compensation force of 0.9 Ib. [t
should be appreciated if the preset factor is set above the force of friction, the
user may need to control and/or restrain the system to prevent unexpected
movements from the shaft 102. For example, the value of the preset factor may
be set by a manufacturer, by a user adjusting the value of the preset factor to a
user's specific comfort level, or the value of the preset factor may be self-learned.
It should be appreciated that when the user is adjusting the value of the preset
factor, they may have a potentiometer, or a control panel, for example, on the
input device the user is using. Thus, if the user has control handles operationally
connected to the shaft 102, the control panel/handles may have a potentiometer
which the user uses to adjust the value of the preset factor for the force produced
by the electric element 106, for example. In accordance with an aspect of the
present invention, once the value of the force produced by the electric element
106 is set, the value of the force may not change substantially.

[0042] It should be appreciated that when the preset factor may be self-
learned, for example during a startup procedure in which the system self-
determines the preset factors, the current supplied to the electric element 106
may be increased until the shaft 102 moves an incremental distance as detected
by sensor 130 and control circuit 108 may thereby learn how much current is
needed to make the shaft 102 move. Further, control circuit 108 may be a
processor, for example, for setting the preset factor below the current level

learned when the electric element 106 moves the shaft 102. Once the preset
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factor has been set, the control circuit 108 instructs the electric element 106 to
produce a force, at the preset factor, on the shaft 102 in the same direction as
force 120.

[0043] In accordance with another aspect of the present invention, the
force produced by electric element 106 may be a servo function which increases
the force produced by the electric element 106 in response to the force 120 by
the user. Thus, the value of the force the electric element 106 produces varies in
response to the force 120.

[0044] The shaft 102 controls the movement of the mechanical device 1
corresponding to the direction of the force 120 by transmitting the force 120 to
control cylinder 110. For example, if the user pushes, pulls, rotates, moves to
the left, moves to the right, moves upwards, moves downwards, bends their wrist
or fingers, or spins the input device operationally connected to the shaft 102, the
control cylinder 110 moves in the same direction. It should be appreciated that
the control cylinder 110, slave cylinder 112, hydraulic control tubes 114 and 1186,
and a functioning end 118 may be included in the closed loop double-acting
hydraulic circuit 124. The closed loop double-acting hydraulic circuit 124 is the
basic mechanical element used to transmit force to the distal end of the surgical
instrument which is in the patient. Further, in an aspect, the closed loop double-
acting hydraulic circuit 124 may have substantially the same functionality as
disclosed in U.S. Patent No. 6,607,475 which is incorporated herein in its entirety

by reference.
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[0045] Control cylinder 110 transmits the force 120 to the slave cylinder
112 by moving fluid through hydraulic control lines 114 and 116. It should be
appreciated that the fluid may be any suitable hydraulic fluid, known or later
developed, but preferably is either water or saline. A functioning end 118 is
operationally connected to the distal end of slave cylinder 112. The slave
cylinder 112 actuates the movement of the functioning end 118 in the direction of
the force 120. It should be appreciated that the functioning end 118 may be a
surgical tool, surgical instruments, or any other device that may be used in
surgery. In an aspect, the functioning end 118 may be or may be connected to a
variety of tools. For example, the tools may be wrenches, scissors, screwdrivers,
clamps, knives, pliers, or cutters, among other tools.

[0046] Referring now to Figure 3, illustrated is a device 2 where control
handle 902 (Fig. 2) is operationally coupled to an example enhancement system
122 (Fig. 1) in accordance with an aspect of the present invention. It should be
understood that the control handle 902 and the enhancement system 122 have
similar functionality and reference numbers as the control handle described with
regards to Figure 2 and the enhancement system 122 as described with regards
to Figure 1.

[0047] In this aspect, the lead nut 914 is disposed between and
operationally connected to the lead screw 912 and the sensing element 104 (Fig.
1). Thus, the motion and/or force initiated from rotating the control handle 902
around the first axis 904 causes the movement of the lead screw 912 and

transfers a function of the input force 120 to the lead nut 914. The sensing
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element 104 detects the initiation of movement of the lead nut 914 and transmits
a signal with the detected motion and/or force of the lead nut 914 to the electric
element 106 operationally connected to the sensing element 104, activating the
electric element 106 in an appropriate direction. The electric element 106
responds to the signal transmitted from the sensing element 104 by emitting a
force to the hydraulic cylinder 110 in the same direction as the force 120 (Fig. 1).
Thus, the compensating force provided by the electric element 106 aids the user
in moving the device 2 in the direction of the input force 120.

[0048] Referring to Fig. 4, in accordance with an aspect of the present
invention, sensing device 104 (Fig. 1) may be a strain gage sensor 204. For
example, strain gage sensor 204 may be operationally connected to the distal
end of the shaft 102. Strain gage sensor 204 detects the force 120 on the shaft
102, e.g., the compression and tension on the shaft 102. For example, if the
user pushes the shaft 102, then strain gage sensor 204 detects that the shaft 102
compresses. Thus, the strain gage sensor 204 provides variable output based
upon the amount of force provided by the user and the rate of the input, e.g., the
speed at which the user is applying the force.

[0049] It should be appreciated that strain gage sensor 204 detects other
directions the user may move the shaft 102. For example, the user may move
the shaft 102 by pulling, rotating, moving to the left, moving to the right, moving
upwards, moving downwards, bending, spinning, moving diagonally, or any other

direction that may be necessary for the device 1 to move. Further, it should be
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appreciated that the control circuit, as discussed above in reference to Figure 1,
may be used in this aspect of the present invention, but is not necessary.

[0050] Referring to Fig. 5, in accordance with another aspect of the
present invention, sensing device 104 may include a switch sensing element
304. It should be appreciated that switch 304 may be a low travel bi-pole switch,
for example. The switch sensing element 304 is operationally connected to the
shaft 102 between a proximal end of the shaft 102 and a proximal end of the
electric element 106. In another aspect, the switch sensing element 304 may be
operationally connected above, below or surrounding the shaft 102. The switch
sensing element 304 detects the force 120 on the shaft 102 by connecting either
one pole or another pole. Thus, the switch sensing element 304 sends a current
to electric element 106 depending on which pole is connected, activating the
electric element 106 in an appropriate direction. Further, there may be a
potentiometer, or similar device, to set the value of the compensating force
produced by electric element 106. It should be appreciated that in this aspect of
the present invention a control circuit, as discussed above in reference to Figure
1, may be used, but is not necessary.

[0051] Referring to Fig. 5, optionally, the described aspects may further
include shaft 102 having an amount of compliance between an input end 318 and
an output end 320 to compensate for the force required to initiate movement of
the system. In other words, to avoid a user feeling the unwanted friction and/or
other resistance forces 128 (Fig. 1) in system 1 (Fig. 1) when initially providing

input 120, this optional aspect allows input end 318 of shaft 102 to move relative
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to output end 320 until enhancement system 122 (Fig. 1) can be energized to
overcome the unwanted friction and/or other resistance forces 128 (Fig. 1). This
avoids the user applying additional input to overcome the unwanted friction
and/or other resistance forces of the system and having the unwanted friction
and/or other resistance forces abruptly removed when the enhancement system
122 (Fig. 1) activates.

[0052] As illustrated in Figure 5, the center pole 308 of sensing element
304 may move forward towards the direction of pole 306 and backwards towards
the direction of pole 310, e.g., between a neutral position 314, a forward position
312, and a backward position 316. In an aspect, the distance the shaft 102
moves to change the center pole 308 between the neutral position 314 and either
the forward or backward position 312 or 316, respectively, corresponds to the
forward or backward compliance 324 or 322, respectively, in the shaft 102. For
example, if the user input 120 is in a forward direction, when shaft 102 makes
initial contact with sensing element 304, center pole 308 may travel a short
distance forward before making contact with pole 306 at forward position 312.
The described aspects may provide an amount of compliance in shaft 102 to
compensate for the amount of force necessary to move the shaft 102 in the
direction of pole 306 while allowing the system time to energize. For example,
the described aspects may permit the sensing element 304 to initiate the electric
element 106 (Fig. 1) before, or as, motion of the slave system 124 (Fig. 1) begins
so the user does not feel the force required to move the system, and thus,

providing device 1 time to energize and help the user compensate for the friction
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and unwanted resistive forces produced by the initiation of motion and/or forces
by the system. It should be appreciated that this is one non-limiting example of
providing for compliance in the system and that various aspects of the present
invention may need to compensate for compliance.

[0053] Referring to Fig. 6, in accordance with an aspect of the present
invention, sensing device 104 may be a torsion sensing element 604 and electric
element 106 may be a rotary electric element 606. Torsion sensing element 604
may be operationally connected to the input mechanism 602 and the rotary
electric element 606. In one non-limiting example, the rotary electric element
606 may be concentric to axis 608 and in series with the torsion sensing element
604. For example, in operation of an aspect, the user's hands, arms and/or
fingers, for example, may guide the movement of the input mechanism 602 by
applying a force 120, e.g., rotating and/or turning, to the input mechanism 602.
Torsion sensing element 604 detects the force 120 on the input mechanism 602
and activates the rotary electric element 606 in the appropriate direction and/or
amount. For example, if the user rotates or turns the input mechanism 602, then
the torsion sensing element 604 detects the direction of the rotation, activating
the rotary electric element 606 in an appropriate direction of the force 120. |t
should be appreciated that in this aspect of the present invention, a control
circuit, as discussed above in reference to Figure 1, may be used, but is not
necessary.

[0054] One variation of the present invention may include a user

controlling multiple sensing elements and electric elements for creating different
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motions. For example, there may be individual systems for pushing, pulling,
rotating, moving to the left, moving to the right, moving upwards, moving
downwards, bending, spinning, moving diagonally, among other systems. The
individual systems activate by reacting to the appropriate user hand motion.
Further, each individual system may compensate for different friction
characteristics according to the motion performed by the particular system.
[0055] Another variation of the present invention may include using
mechanical vacuum pressure and/or pressure assist instead of an electric
element, as described above. For example, the user manipulates a dual acting
diaphragm and a valve. Thus, as the user moves the surgical instrument
forward, a valve admits vacuum to one side of the diaphragm helping the user
move forward. In addition, if the user pulls backs the surgical instrument, the
valve reverses and helps the user pull the surgical instrument back.

[0056] Although the invention has been described with reference to
various aspects of the present invention and examples with respect to a surgical
instrument, it is within the scope and spirit of the invention to incorporate or use
with any suitable mechanical device. Further, while the invention has been
described with reference to a surgeon, the invention may be used with another
user, depending on circumstances in which the invention is used. Thus, it should
be understood that numerous and various modifications may be made without

departing from the spirit of the invention.
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WHAT IS CLAIMED IS:

1. An articulating device, comprising:
an input receiver capable of receiving an input;

a slave system coupled to the input receiver operable to receive the input
from the input receiver and generate a corresponding output, wherein the slave
system comprises a first slave end coupled to the input receiver and a second

slave end;

a functioning end coupled to the second slave end, wherein the

functioning end performs the output;

a sensing element coupled to the input receiver and operable to detect the

received input on the input receiver; and

an element coupled to the sensing element and the input receiver and
operable to transfer a function of the detected input from the sensing element to

the slave system;

wherein the element further provides a compensating force that

compensates for resistance forces in moving the articulating device.
2. The articulating device of claim 1, further comprising:

a control circuit coupled to the sensing element and the element operable
for transmitting a control signal to the element instructing the element to emit the

compensating force in the same direction as the input.
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3. The articulating device of claim 2, wherein the control circuit is further
operable to calculate the resistance forces produced by the articulating device
and supply the control signal to the element to emit the compensating force

based upon the calculated resistance forces.

4. The articulating device of claim 2, wherein the control signal
transmitted to the element includes a current to energize the element, wherein

the current is variable based upon the force of the input.

5. The articulating device of claim 2, wherein the control circuit is further

operable to diagnose whether the articulating device is operating correctly.

6. The articulating device of claim 1, wherein the compensating force is a

percentage of the resistance forces produced by the articulating device.

7. The articulating device of claim 1, wherein the compensating force is

set by a user.

8. The articulating device of claim 1, wherein the compensating force is

self-learned by measuring resistance when moving the input receiver.

9. The articulating device of claim 1, wherein the compensating force is

variable based upon the speed and force of the input.

10. The articulating device of claim 1, wherein the slave system

comprises a closed loop double-acting hydraulic system.

11. The articulating device of claim 1, wherein the slave system

comprises a mechanical element.
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12. The articulating device of claim 11, wherein the mechanical element
comprises at least one of linkages, gears, cams, a series of u-joints, a push-pull

chain, lead screws, cable-pulley system, or a flexible steel band.

13. The articulating device of claim 1, wherein the functioning end
comprises one of a surgical tool, a surgical instrument, scissors, a knife, a

screwdriver, a clamp, or pliers.

14. The articulating device of claim 1, wherein the sensing element is one

of strain gage, a bipolar switch, a closing switch, or an optical system,

15. The articulating device of claim 1, wherein element is one of a voice

coil, or a linear motor.

16. The articulating device of claim 1, wherein the element is coupled in

series to the input receiver and the sensing element.

17. The articulating device of claim 1, wherein the element is coupled in

parallel to the input receiver and the sensing element.

18. The articulating device of claim 1, wherein the element is an electric

element.

19. A device comprising:

a mechanical system capable of receiving an input;

a sensor coupled to the mechanical system operable to detect the
received input;

a force enhancement element coupled to the mechanical system operable
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to transfer a function of the detected input to the mechanical system; and
a control element coupled to the sensor and the force enhancement

element, wherein the control element is operable to energize the force

enhancement element in the direction of the received input.

20. The device of claim 19, wherein the sensor is in series with the

mechanical system.

21. The device of claim 19, wherein the sensor is in parallel with the

mechanical system,

22, The device of claim 19, wherein the force enhancement element is in

series with the mechanical system.

23. The device of claim 19, wherein the force enhancement element is in

parallel with the mechanical system.
24. A method comprising:
detecting, via a sensor, an input force on an input receiver,;

providing a compensating force to the detected input that compensates for

resistance forces;

transmitting a function of the detected input, including the compensating

force, to a slave system coupled to the input receiver; and

generating, at the slave system, a corresponding output to the detected

input.
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