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(57) Abrege(suite)/Abstract(continued):
assembly translates the mechanical signal of the pedal into a control signal based on the pedals position and/or orientation. The

wireless Interface couples the encoder assembly to recelve the control signal. The wireless interface also couples the surgical
footswitch to a surgical console operable to control and direct surgical equipment. The wireless Interface passes the control signal
from the encoder to the surgical console, which then directs the surgical equipment based on the control signal. This wireless
Interface eliminates the tangle of wires or tethers, which may be a hazard In the surgical theater. The internal power generator
translates footswitch movement into stored energy to eliminate potential fallures of the footswitch during a procedure and

overcome the need to replace batteries within the footswitch.
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ABSTRACT OF THE DISCLOSURE

A surgical footswitch that includes a base, a pedal, an encoder

assembly, a wireless interface, and an internal power generator. The

pedal mounts upon the base and pivots. The encoder assembly couples to the pedal.
As the pedal pivots, the encoder assembly translates the mechanical signal of the pedal
Iinto a control signal based on the pedals position and/or orientation. The wireless
interface couples the encoder assembly to receive the control signal. The wireless
interface also couples the surgical footswitch to a surgical console operable to control
and direct surgical equipment. The wireless interface passes the control signal from
the encoder to the surgical console, which then directs the surgical equipment based
on the control signal. This wireless interface eliminates the tangle of wires or tethers,
which may be a hazard in the surgical theater. The internal power generator translates
footswitch movement into stored energy to eliminate potential failures of the

footswitch during a procedure and overcome the need to replace batteries within the

footswitch.
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FOOTSWITCH OPERABLE TO CONTROL A SURGICAL SYSTEM

TECHNICAL FIELD

The present invention relates generally to systems and methods for controlling
a surgical system, and more particularly, to a surgical footswitch operable to securely,

reliably, and wirelessly control a complex surgical system.

BACKGROUND

During the use of a complex patieht treatment apparatus or surgical system, for
example, surgical equipment used when performing ophthalmic surgery, the control of a
variety of different subsystems, such as pneumatic and electronically driven
subsystems may be required. Typically, the operation of the subsystems is cohtrolled by
a microprocessor-driven console. The microprocessor controls within a surgical console
recerve mechanical inputs from either the operator of the surgical system or from an
assistant. A control input device, such as a footswitcn, is often used to accept
mechanical inputs. These mechanical inputs originate from the movement of the foot
of an operator to govern the operation of a subsystem within the patient treatment
apparatus. The mechanical inputs from the movement of the foot of the operator are

translated into electrical signals which are fed to the microprocessor controls. The

electrical signals are then used to control the operational characteristics of a subsystem

n a complex patient treatment apparatus.
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Examples of footswitches that are designed for receiving mechanical inputs
from the movement of the foot of an operator of a complex patient treatment '
apparatus may be found in several U.S. patents, including U.S. Patent Nos. 4,837,857
(Scheller, et al.), 4,965,417 (Massie), 4,983,901 (Lehmer), 5,091,656 (Gahn),
5,268,624 (Zanger), 5,554,894 (Sepielli), 5,580,347 (Reimels), 5,635,777
(Telymonde, et al), 5,787,760 (Thorlakson), 5,983,749 (Holtorf), and 6,179,829 Bl
(Bisch, et al), and in International Patent Application Publication Nos. WO 98/08442
(Bisch, et al.), WO 00/12037 (Chen), and WO 02/01310 (Chen). These patents and
patent applications focus primarily on footswitches that include a foot pedal or tillable
treadle similar to the accelerator pedal used to govern the speed of an automobile.
The movement of the foot pedal or tillable treadle typically provides a linear control
input. Such linear control inputs may be used, for example, for regulating vacuum,

rotational speed, power, or reciprocal motion.

In more complex footswitch assemblies, side or wing switches may be added
to housings on either side of the foot pedal in order to provide additional capabilities
to the footswitch. The condition of these side or wing switches is changed by the
application of pressure from the front portion of the operator’s foot or from the rear

portion of the operator’s foot.

As these footswitches become more complex, the need to establish secure
reliable communications between the footswitch and the surgical console has resulted
in a number of wired pathways that connect the footswitch and surgical console. As
the footswitches are moved about the operating room, these tethers, wires and cables
can become tangled with other equipment. Accidentally disconnecting these cables
can result in improper control inputs that have the potential to injure a patient.
Therefore a need exists for a reliable footswitch operable to communicate with the

surgical system while avoiding the potential hazardous or restrictive environment

created by entangled cables.
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SUMMARY

The present invention provides a surgical footswitch used to control surgical

equipment that substantially addresses the above-identified needs as well as others.

One embodiment provides a surgical footswitch having a base, a pedal, an
encoder assembly, and a wireless interface. The pedal mounts upon the base and
pivots. The encoder assembly couples to the pedal. As the pedal pivots, the encoder
assembly translates the mechanical signal of the pedal into a control signal based on
the pedal’s position and/or orientation. The wireless interface couples the encoder
assembly to receive the control signal. The wireless interface also couples the
surgical footswitch to a surgical console operable to control and direct surgical
equipment. The wireless interface passes the control signal from the encoder to the
surgical console, which then directs the surgical equipment based on the control
signal. This wireless interface eliminates the tangle of wires or tethers, which may be

a hazard 1n the surgical theater.

Another embodiment further includes an internal power generator operable to
translate footswitch movement into stored energy. This may eliminate a potential
failure of the footswitch during a procedure and overcome the need to replace
batteries within the footswitch as the surgical footswitch can generate 1ts own power.
There are many different ways to derive power from the movement of the surgical
footswitch. These include but should not be limited to the piezoelectric effect,

inductive power generation, compressing and storing atr, mechanical flywheels or

other like means known to those having skill in the art.

Another embodiment provides a surgical footswitch having a base, a pedal, an
encoder, a motion detector, and a wireless interface. This embodiment extends the
capability of existing surgical footswitches wherein the motion detector assembly may
be worn by a user and transmit motion information to the surgical footswitch. The
encoder assembly may generate additional control signals based on the received

motion information. The motion detector may generate motion information based on

-3 -
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relative positioning information, on an acceleration sensor used to determine the
motion detector assembly’s position through integration, on radio triangulation or on

other like methods known to those having skill in the art.

Yet another embodiment provides a dual switch surgical footswitch operable
to ramp and fire a surgical laser. This dual switch surgical footswitch includes a base,
pedal, first switch, second switch, encoder assembly, and interface. The pedal 1s
mounted to the base and operable to pivot about a plane associated with the base. The
first switch couples to the pedal and 1s activated as the pedal orients past the first
predetermined point when the pedal i1s mitially depressed. When the first switch 1s
activated a first control signal 1nitializes the laser within the surgical system. The
second switch also operably couples to the pedal and is activated when the pedal
orients past a second predetermined point such as reaching the bottom of the range of

motion. This second control signal directs the firing of the ramped laser. The trigger

time between the activation of the first switch and the second switch allows stress on

the laser to be relieved by allowing the laser to be ramped to power.

An encoder assembly coupled to the pedal may be operable to produce a third
control signal based on the pedal’s position and for orientation. The interface couples
to the encoder and establishes a communication path between the surgical footswitch
and the surgical console. This surgical consol 1s operable to control or direct the

surgical equipment based on the control signals.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention and the
advantages thereof, reference 1s now made to the following description taken 1n

conjunction with the accompanying drawings in which like reference numerals

indicate like features and wherein:

FIG. 1 depicts an embodiment of a footswitch assembly 1n accordance with an

embodiment of the present invention;

FIG. 2 provides a cross sectional view of an embodiment of a footswitch

assembly 1n accordance with an embodiment of the present invention;

FI1G. 3 provides a functional diagram that illustrates how the footswitch

wirelessly couples to a surgical system in accordance with an embodiment of the

present invention;

FIG. 4 depicts an embodiment of a footswitch assembly in accordance with an

embodiment of the present invention;

FIG. 5 illustrates another embodiment of a footswitch in accordance with an

embodiment of the present invention having extended capabilities;

FIG. 6 provides a functional diagram of another embodiment of a surgical

footswitch 1n accordance with an embodiment of the present invention; and

FIG. 7 provides a logic flow diagram illustrating an embodiment of a method

of controlling surgical equipment in accordance with the present invention.
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DETAILED DESCRIPTION

Preferred embodiments of the present invention are illustrated 1n the FIGs.,

like numerals being used to refer to like and corresponding parts of the various

drawings.

FIG. 1 depicts an embodiment of a footswitch assembly 10. The surgical
footswitch assembly 10 includes a body or housing that further includes bottom
housing 12 and top housing 14, and a foot pedal or treadle 16, all of which can be
made from any suitable material, such as stainless steel, titantum or plastic. Other
embodiments may additionally include a separate heel cup assembly 18 and a handle 4

positioned in the front. Side or wing switches 20 may be placed on the top of housing

14 on either side of the foot pedal 16.

Attached to the foot pedal or tillable treadle 16 1s an encoder assembly 22 as
illustrated in the cross section provided by FIG. 2. Encoder assembly 22 translates the
angular or pitch position of the foot pedal or treadle 16, which is tillable with respect
to a horizontal plane or to a neutral or home plane, from a mechanical input based on
the movement of the operator's foot into an electrical signal. Thus, the pitch 15
movement of the foot pedal or tillable treadle 16, typically in a downward direction,
provides a control input. The control input is preferably a linear control input.

However, when a variable high input and a constant low input 1s satisfactory, the

‘neutral or home plane may provide the constant low input, and depression of the foot

pedal may be used for the variable high input.

FIG. 3 provides a functional diagram that 1llustrates how the footswitch 10
wirelessly couples to a surgical system 26. Footswitch 10 contains a mechanical input
device such as pedal 16 that couples to encoder assembly 22 in order to produce a

control signal that 1s provided to wireless interface 24. Wireless interface 24 is
operable to establish a wireless communication pathway between footswitch 10 and
surgical system 26. Specifically, wireless interface 24 communicatively couples to

wireless interface 30 of surgical console 28. Thus, the control signal(s) produced by

_6-



10

15

20

25

30

CA 02539271 2011-01-18

encoder assembly 22 are able to be communicated to surgical console 28 via the

wireless pathway. Surgical console 28 is operable to direct surgical equipment 32

based on the control signal(s) that are wirelessly relayed from the footswitch to the

surgical console.

FIG. 4 illustrates an additional embodiment of footswitch 10. As previously
stated, footswitch 10 includes a mechanical input device such as pedal 16 that couples
to encoder assembly 22 in order to provide a control signal to a surgical console 28 via
a wireless communication pathway established by wireless intertace 24. The
embodiment of FIG. 4 further includes an internal power generator 34 operable to
translate movement of footswitch 10 into stored energy operable to be used to power

and operate the encoder assembly 22, wireless interface 24, and other components

within footswitch 10.

Internal power generator 34 may both generate and store energy with which to
operate footswitch 10. This may eliminate potential failure of the footswitch 10
during a prdcedure and overcome the need to replace batteries within the footswitch
10. There are many different ways to derive power from the movement of the surgical
footswitch 10. These include, but should not be limited to, the piezoelectric effect,
inductive power generation, the compression storage of compressed fluids such as air,
mechanical flywheels, or other like means known to those having skill in the art. For
example, when the piezoelectric effect 1s used to generate and store electrical energy,
the mechanical energy provided by the operator to depress the pedal may compress a
piezoelectric material that generates a voltage based on the mechanical energy exerted

on the piezoelectric material. This electrical energy may then be stored within a
capacitor or rechargeable battery in order to provide a power reserve within the
footswitch. In another embodiment, the internal power generator may use inductive

power generation wherein movement of the footswitch produces results in relative

motion between an internal magnet and series of coils in order to charge a capacitor or
rechargeable battery. Energy may also be stored in the form of mechanical energy
wherein the pedal is used to spin a flywheel, which in essence is a mechanical battery.

Flywheels store energy mechanically in the form of kinetic energy. Alternatively, air

7.
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or other fluids can be compressed and stored and then this compressed air may be
used to generate energy to power footswitch 10. These are just examples of how

internal power generator 34 may generate and store energy within the footswitch.

A microprocessor or control circuit within the footswitch 10 may prompt the
operator to charge the footswitch should the stored energy within internal power
generator 34 fall below a pre-determined level. Alternatively, the surgical console 28
may direct the operator to charge the footswitch 10 should the stored energy fall
below a pre-determined level. An indicator, such as a green LED on the footswitch

10, could indicate that the footswitch 10 1s powered and ready for use.

The microprocessor or control circuit may be a single processing device or a
plurality of processing devices. Such a processing device may be a microprocessor,
micro-controller, digital signal processor, microcomputer, central processing unit,
field programmable gate array, programmable logic device, state machine, logic
circuitry, analog circuitry, digital circuitry, and/or any device that manipulates signals
(analog and/or digital) based on operational instructions. The memory coupled to the
microprocessor or control circuit may be a single memory device or a plurality of
memory devices. Such a memory device may be a read-only memory, random access
memory, volatile memory, non-volatile memory, static memory, dynamic memory,
flash memory, cache memory, and/or any device that stores digital information. Note
that when the microprocessor or control circuit implements one or more of its
functions via a state machine, analog circuitry, digital circuitry, and/or logic circuitry,
the memory storing the corresponding operational instructions may be embedded
within, or external to, the circuitry comprising the state machine, analog circuitry,
digital circuitry, and/or logic circuitry. The memory stores, and the microprocessor or
control circuit executes, operational instructions corresponding to at least some of the

steps and/or functions illustrated and described in association with FIG. 7.

The abuility to power the footswitch 10 based on motion of the footswitch 10 or
the mechanical motion provided by the operator eliminates the need for batteries, but

more importantly 1t prompts the operator to recharge the footswitch 10 prior to the

8.
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power falling below a pre-determined level. This helps to ensure conditions where
communications between the footswitch 10 and a surgical console 28 are interrupted

by power failures in the footswitch 10 that can result in improper control signals that
have the potential to injure a patient. Additionally, guidelines or processes may be
established and implemented by the microprocessor or control circuit such that should
the wireless communications between the footswitch 10 and surgical console 28 fail,

the surgical equipment returns to a pre-determined position or mode of operation 1n

order to prevent potential injury of a patient.

Returning to FIG. 1, footswitch assembly 10 may provide additional
proportional control inputs utilizing heel cup assembly 18 which enable an arcuate
movement. As shown in the drawing FIGs., the heel cup assembly 18 1s positioned at

the rear portion of the footswitch 10 to engage the heel of the operator. The heel cup
assembly 18 allows the operator to rotate the heel cup assembly 18 through an arcuate
path while the operator's heel effectively remains in the same spot. with respect to the
footswitch assembly 10. This angular position mechanical input to a potentiometer 68
produces an electrical signal received by encoder assembly 22. This electrical signal

may be an additional control signal from the footswitch 10 to the surgical system 26.

This control signal may be either linear or non-linear.

To further enhance operator control, a simple on/off switch, well known to
those of ordinary skill in the art, may be included in the heel cup assembly 18 to
activate the signal output from the potentiometer 68. Alternatively, such on/off
switches could also be used to prevent inadvertent activation of the side switches 20.
Such an on/off switch may be a slide switch moving along a linear path within the

heel cup assembly 18, as is designated by the arrow marked ‘A’ 1llustrated in FIG. 1.

FIG. 5 illustrates another embodiment of footswitch 10 having extend the
capabilities.: Specifically, motion detector assembly 36, which may be powered by a
cable or internal battery, or self-powered as discussed previously with respect to
internal power generator 34, within footswitch 10 may be worn by an operator.

Motion detector assembly 36 transmits motion information to the surgical footswitch

9.
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10. The surgical footswitch 10 receiving the motion information may produce
additional control signal(s) based on the received information. The motion detector

assembly 36 may be tethered and physically connected to footswitch 10 or wirelessly

coupled to footswitch 10.

The operator may wear motion detector assembly 36 on any desired body part
such as the knee, foot, arm, waist, head, fingers, shoulder, etc. Specific embodiments
may prefer to wear the motion detector assembly 36 on the knee. Motion detector
assembly 36 transmits position information, which may take the form of relative
position information with respect to footswitch 10, to the surgical footswitch 10. This
information may then be passed to a system counsel and may be used as a one, two, or
three dimensional linear switch. Motion detector assembly 36, in combination with

footswitch 10, enhances the control capability up to four independent dimenstons.

The localization of the motion detector assembly 36 may be performed

through many distinct methods. For example, acceleration sensors may be

incorporated within the motion detector assembly 36 wherein the acceleration of the

motion detector assembly 36 may be integrated over time to provide motion

information. Another example may use radio triangulation through multiple received
signals emitted within the surgical theater. This 1s a passive means of determining the
motion information assoctated with the motion detector assembly 36. Alternatively, a

radio frequency emitter within the motion detector assembly 36 may produce signals

that are recerved by various receivers coupled to either the surgical footswitch 10 or

surgical console 28 wherein the footswitch 10 or console 28 1s operable to process this

information to produce both motion information associated with the motion detector

assembly 36 and a control signal resulting from the processing of the motion

information.

FIG. 6 provides a functional diagram of another embodiment of a surgical
footswitch 10. Here surgical footswitch 10 includes a mechanical input device, such
as pedal 16, an encoder assembly 22 and a wireless interface 24. This embodiment

further includes two switches that mechanically couple to the mechanical input device

_10-
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16, first switch 38 and second switch 40. First switch 38 activates a first control
signal as pedal 16 orients past a first determined point. When first switch 38 1s
activated, a first control signal 1s produced that is operable to initialize, for example,
surgical laser 42 within the surgical system 26. This first switch 38 may be activated
when the pedal 16 is initially depressed. The second switch 40 produces a second
control signal offset in time from the first control signal produced by the activation of
first switch 38. For example, second switch 40 may be activated as pedal 16 nears the
end of its angular motion; 1.e., when the pedal 16 1s fully depressed. This second

control signal may direct the firing of surgical laser 42.

The trigger time between the activation of first switch 38 and second switch 40

allows the stress on surgical laser 42 to be reduced as surgical laser 42 may not be
ramped to power. The trigger time between the activation of first switch 38 and
second switch 40 allows surgical laser 42 to “slowly” warm up before firing. In one
embodiment, the trigger time between the activation of the two switches 38/40 is
between about 100 milliseconds and 300 milliseconds. The actual time may depend
on the foot speed of the operator. This allows surgical laser 42 to be slowly ramped to
power over a span of about 100 milliseconds to about 300 milliseconds. This is
particularly useful as certain lasers known to those having skill in art cannot be turned
on in less than 50 milliseconds. The reduced stress associated with firing surgical
laser 42 will result in an improved surgical laser 42 performance and reliability.
Although footswitch 10 is illustrated in this embodiment as establishing a wireless
communication pathway between the footswitch 10 and surgical laser 42, footswitch
10 may also physically couple to the control circuits associated with initializing and

firing laser surgical 42.

FIG. 7 provides a logic flow diagram illustrating a method of controlling
surgical equipment in accordance with embodiments of the present invention. This

method involves repositioning a mechanical device within, for example, a footswitch
10 at step 700. Footswitch 10 may be powered by an internal power generator
operable to translate footswitch movement into stored energy. This allows footswitch

10 to be self powered and eliminates the need to physically couple footswitch 10 to a

11-
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surgical console 28 or to a power supply. Additionally, this may eliminate the
potential hazards associated with power failures within footswitch 10 during a
medical procedure. The repositioning of the pedal within the surgical footswitch 10
may serve two purposes. First, it may provide mechanical energy which may be
translated and stored as energy to operate the footswitch. Additionally, control signals
may be generated based on the motion and positioning of the pedal. Additional

switches or mechanical assemblies within footswitch 10 may also receive mechanical

input that can be translated into control signals.

The pedal or mechanical device couples to an encoder at step 702. This allows
the encoder to generate control signal(s) based on the repositioning of the mechanical

device or pedal at step 704. The footswitch 10 wirelessly couples to the surgical

console at step 706. This wireless coupling facilitates the transfer of data and other
information between footswitch 10 and surgical console 28. At step 708, the control

signal from footswitch 10 is passed wirelessly to surgical console 28. Surgical

console 28, at step 710, 1s operable to direct surgical equipment coupled to console 28

based on the received control signals.

In the embodiments where footswitch 10 comprises an internal power
generator 34, internal power generator 34 translates footswitch 10 movement into
stored energy using processes such as an inductive power generation, piezoelectric
power generation, or other like processes known to those skilled in the art. This can
eliminate potential hazards associated with power failures within the footswitch that
can result in unexpected control signals that produce potentially hazardous situations
during surgery that could endanger a patient. A wireless coupling between footswitch
10 and surgical console 28 may be monitored wherein a communication failure may
result 1n a processor or control circuit within surgical console 28 directing the surgical

equipment to a safe condition in order to avoid potential harm to a patient.

In summary, the present invention provides a surgical footswitch 10 that
comprises a base, a pedal 16, an encoder assembly 22, a wireless interface 24, and an

internal power generator 34. The pedal 16 mounts upon the base and can pivot. The

-12-
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encoder assembly 22 couples to pedal 16. As pedal 16 pivots, the encoder assembly
22 translates the mechanical signal of pedal 16 into a control signal based on the
pedal’s position and/or orientation. The wireless interface 24 couples to the encoder
assembly 22 to receive the control signal. The wireless interface 24 also couples
surgical footswitch 10 to surgical console 28 operable to control and direct surgical
equipment 32. The wireless interface 24 passes the control signal from the encoder
assembly 22 to the surgical console 28, which then directs the surgical equipment 32
based on the control signal. This wireless interface 24 eliminates the tangle of wires
or tethers common in the prior art and which may be a hazard in the surgical theater.
The internal power generator 34 translates footswitch 10 movement into stored energy
to eliminate potential failures of the footswitch 10 during a procedure and thus

overcome the need to replace batteries within footswitch 10.

Other embodiments of this invention may extend the capability of surgical
footswitch 10 with a motion detector assembly 36 that may be worn by a user.
Motion detector assembly 36 can transmit motion information to surgical footswitch

10. The encoder assembly 22 may then generate additional control signals based on

the recerved motion information.

Finally, other embodiments of this invention can comprise a dual switch
surgical footswitch 10 operable to ramp and fire surgical laser 42. First switch 38
couples to pedal 16 and is activated as pedal 16 orients past a first predetermined
point as pedal 16 is initially depressed. When first switch 38 is activated, a first
control signal initializes surgical laser 42 within surgical system 26. A second switch
40 also operably couples to pedal 16 and is activated when pedal 16 orients past a
second predetermined point. This second control signal directs the firing of ramped
surgical laser 42. The trigger time between the activation of first switch 38 and second

switch 40 allows stress on surgical laser 42 to be relieved by allowing surgical laser

42 to be ramped to power.

As one of average skill in the art will appreciate, the term “substantially” or

“approximately”’, as may be used herein, provides an industry-accepted tolerance to its

-13-
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corresponding term. Such an industry-accepted tolerance ranges from less than one
percent to twenty percent and corresponds to, but is not limited to, component values,
integrated circuit process variations, temperature vartations, rise and fall times, and/or
thermal noise. As one of average skill in the art will further appreciate, the term
“operably coupled”, as may be used herein, includes direct coupling and indirect
coupling via another component, element, circuit, or module where, for indirect
coupling, the intervening component, element, circuit, or module does not modify the
information of a signal but may adjust its current level, voltage level, and/or power
level. As one of average skill in the art will also appreciate, inferred coupling (i.e.,
where one element 1s coupled to another element by inference) includes direct and
indirect coupling between two elements in the same manner as “operably coupled”.
As one of average skill in the art will further appreciate, the term “compares
favorably”, as may be used herein, indicates that a comparison between two or more
elements, items, signals, etc., provides a desired relationship. For example, when the
desired relationship is that signal 1 has a greater magnitude than signal 2, a favorable
comparison may be achieved when the magnitude of signal 1 1s greater than that of

signal 2 or when the magnitude of signal 2 is less than that of signal 1.

Although the present invention is described in detail, 1t should be understood
that various changes, substitutions and alterations can be made hereto without

departing from the spirit and scope of the invention as described by the appended

- claims.

-14-
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CLAIMS

1. A surgical footswitch, comprising:

a base;

a pedal mounted to the base;

an encoder assembly coupled to the pedal, wherein the encoder assembly is
operable to produce a control signal based on the pedals position and/or orientation; and

a wireless interface communicatively coupled to the encoder assembly, wherein the
wireless interface 1s operable to communicatively couple the surgical footswitch to a
surgical console, and wherein the surgical console is operable to receive the control signal
and control a surgical equipment based on the control signal, wherein the surgical console
directs the surgical equipment to a predetermined state when wireless communications

between the surgical footswitch and surgical console are interrupted.

2. The surgical footswitch of Claim 1, further comprising an internal power generator
operable to translate footswitch movement into stored energy, and wherein the internal

power generator 1s operable to power the surgical footswitch.

3. The surgical footswitch of Claim 2, wherein the internal power generator comprises

an 1nductive power generator.

4, The surgical footswitch of Claim 2, wherein the internal power generator comprises

a piezoelectrical power generator.

5. The surgical footswitch of Claim 2, wherein the stored energy is stored within a
device selected from the group consisting of a capacitor, a rechargeable battery, a flywheel,

and a compressed fluid reservoir.

6. The surgical footswitch of Claim 2, further comprising a ready indicator, wherein
the ready indicator provides a ready indication when the stored energy exceeds a

predetermined level.

-15 -
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7. The surgical footswitch of Claim 6, wherein the surgical console only accepts the

control signal when the stored energy exceeds a predetermined level.

3. The surgical footswitch of Claim 1, further comprising:
a motion detector assembly operable to be worn by a user and to transmit motion
information to the surgical footswitch, wherein the encoder assembly 1s operable to

produce an additional control signal based on the received motion information.

9. The surgical footswitch of Claim 1, further comprising:
a motion detector assembly operable to be worn by a user and to transmit motion
information to the surgical console via the surgical footswitch, wherein the surgical

console is operable to produce an additional control signal based on the received motion

information.
10. A surgical footswitch, comprising:
a base;

a pedal mounted to the base;

an encoder assembly coupled to the pedal, wherein the encoder assembly 1s
operable to produce a control signal based on the pedal’s position and/or orientation;

a motion detector assembly operable to be worn by a user and to transmit motion
information to the surgical footswitch, wherein an additional control signal may be
generated based on the received motion information; and

a wireless interface communicatively coupled to the encoder assembly and motion
detector, wherein the wireless interface is operable to communicatively couple the surgical
footswitch to a surgical console, and wherein the surgical console is operable to receive the

control signals and control a surgical equipment based on the control signals.

11.  The surgical footswitch of Claim 10, wherein the surgical console is operable to

produce the additional control signal based on the received motion information.
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12.  The surgical footswitch of Claim 10, wherein the motion detector receives at least

one radio frequency (RF) signals from at least one transmitter located at a predetermined

location.

13.  The surgical footswitch of Claim 12, wherein the at least one transmitter is coupled

to the surgical console.

14.  The surgical footswitch of Claim 10, wherein motion detector further comprises

acceleration sensors operable to produce motion information.

15.  The surgical footswitch of Claim 10, wherein outputs of the acceleration sensors

may be integrated over time to produce motion information.

16.  The surgical footswitch of Claim 10, wherein the motion detector wirelessly

couples to the surgical footswitch.

17.  The surgical footswitch of Claim 16, wherein the motion detector further comprises
an internal power generator operable to translate motion into stored energy operable to

power the motion detector.

18.  The surgical footswitch of Claim 10, wherein the motion detector couples to the

surgical footswitch via a tether.

.17 -
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19. A method of controlling surgical equipment, comprising:

repositioning a pedal within a surgical footswitch;

coupling the pedal to an encoder, wherein the encoder is operable to generate a
control signal based on repositioning of the pedal,;

wirelessly coupling a surgical footswitch to a surgical console;

wirelessly providing control signals to the surgical console; and

directing the surgical equipment with the surgical console and based on the control
signal, wherein the surgical console directs the surgical equipment to a predetermined state
when wireless communications between the surgical footswitch and surgical console are

interrupted.

20.  The method of Claim 19, further comprising powering the surgical footswitch with

an internal power generator operable to translate footswitch movement into stored energy.

21.  The method of Claim 20, wherein the internal power generator comprises an

inductive power generator or piezoelcctrical power generator.

22.  The method of Claim 19, further comprising:

mounting a motion detector assembly on a user;

communicatively coupling the motion detector to the surgical footswitch;

transmitting motion information from the motion detector to the surgical
footswitch, wherein the encoder 1s operable to generate a second control signal based on
motion information; and

directing the surgical equipment with the surgical console and based on the second

control signal.

23.  The method of Claim 22, wherein the motion detector assembly and surgical

footswitch are wirelessly coupled.
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