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(57) Abstract: A method and apparatus for calibrating a medical device
operable 1n at least one axis of movement, such as a footpedal or
footswitch, is provided. The design includes instructing a user to operate
the device to a first predetermined position in a first axis of movement
while concurrently monitoring movement of the device to establish a set of
movement responses, prompting the user to indicate when the first prede-
termined position in the first axis i1s attained modifying the set of move-
ment responses when movement response irregularities are detected, there-
by establishing a modified set of movement responses, and employing the
modified set of movement responses during a medical procedure.
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I-AUTOMATIC DEVICE CALIBRATION

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates generally to

medical devices, and mcre specifically to calibrating

devices employed in a medical or operating room

setting, such as footswitches or fococtpedals.

Description of the Related Art

Tocday’s safety critical systems, such as

automated medical system products or surgical

1

equlipment, may be constructed as a collection of

independent compcnents realized in hardware and

software. Coeonstructing a suite of independent

components or modules affords medical system product

designers and manufacturers the ability to create and

~ 1

deploy subsystems that perform specific functions that

are a subset of the complete device or system.

F
pra—

One such subsystem i1is that of a footswitch or

footpedal, employed in certain medical environments,

such as an operating room theater, in conjunction with

a medical procedure such as a phacoemulsification

( "phaco”)} surgical procedure. The footswitch is

frequently employed to control phaco functionality,

including but not limited to amount of power provided

by the phaco needle, fluid flow aspects, and so forth.

Certain newer fooctswitches are dual-axis or dual

linear footswitches, providing the user with two axes

PCT/US2009/063493
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of control, commonly called the pitch axis and the vaw

axis. A surgecon ¢r operator can control one or more

parameters in the pitch axis and one or more

parameters in the yaw axis, sc¢ pushing down on the

footswlitch may provide a different function from

moving one’s foot to ¢ne side. Other inputs may be

provided, such as buttons that can be depressed by the

_surgeon’s foot, typically positioned away from the

r-.l

pedal or at the base of the pedal. A dual linear

footswitch comprises a pitch axis and vaw axis and may
provide a linear response, a panel response, a switch

response, or any other response known 1n the art.

Overall system 1ntegrity is paramcunt to

designing and deploying safety critical systems.

Tocday’s designers are faced with a difficult and

complex implementation challenge to ensure a high

level of performance 1n subsystems such as a

footswitch in order to provide the reguired level of

safety 1n an operating theater environment.

One 1ssue that occurs with footswitches is

falling out of alignment, or leosing calibration.

Electro-mechanical misalignment results from aging

—

electronic compeonents or dislocation of mechanical

'—

devices. Once a footswitch goes “out of alignment,”

which 18 generally a subjective determination, the

footswitch 1s typically removed from service and

repalired. Time away from the operating room

environment 1s undesirable for any non-consumable

medical. device, such as a footswitch.
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Based on the foregeing, 1t would be advantageous

to provide a footswitch that has minimal or no

downtime in most situaticons, cor in other words a

footswitch that overcomes the foregoing drawbacks

present In previcusly kneown fcootswltches or similar

medlcal devlices.
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SUMMARY OF THE INVENTION

F

According to one aspect of the present design,

there 1s provided a method for calibrating a medical

F-

devlice operable 1n at least one axis of movement, such

as a footpedal or footswitch. The method includes

Instructing a user to operate the device to a first

-
—

predetermined pesition 1n a first axis of movement

whnille COnNCUrreintly Monitorindg movement OL The gevlice

to establish a set of movement responses, prompting

the user to indicate when the first predetermined

poslition 1n the first axis 1s attained, modifving the

T

set of movement responses when movement response

irregularities are detected, thereby establishing a

F
r—

modified set of movement responses, and emplcoying the

'-.I

modified set of movement responses during a medical

procedure.

p——

According to ancther aspect of the present

design, there 1s provided a medical device operable 1n

=

at least one axis of movement and a host device

coupled with the medical device. The host device

comprises a monitecr configured to monitor movement of
the medical device in the at least one axis of
movement and establish a set of movement responses of

the medical device and an application configured to

recelve the set of movement responses from the monitor

and modify the set of movement responses when movement

response lrregularities are detected, thereby

cstablishing a medified set of movement responses.

The modified set of movement responses is configured

to ke employved with the medical device.
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T'hese and other advantages of tThe present

invention will become apparent to those skilled in the

art from the following detalled description of the

invention and the accompanying drawings.
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DESCRIPTION OF THE DRAWINGS

The present I1nvention is i1llustrated by way of

o

example, and not by way of limitation, in the figures

cf the accompanying drawings in which:

FIG. 1 1llustrates a representative dual linear

footpedal or footswitch;

FIG., 2 is a block diagram illustrating wvarious
medlcal components in an ophthalmic surgical device,

including a footpedal or footswitch;

=

FIG. 3 shows operatlion of the present design;

F1G. 4A illustrates perfect or ideal responses of

the device 1n the pitch and vaw axes;

FIG. 4B represents a response including a dead

band or dead zone and compensation for the dead band

Oor dead zone;

FIG. 4C shows & response l1ncluding a nonlinear

reglion and compensation Ifor the nonlinearity; and

FI1G., 4D 1llustrates a device unable To attain a

maxlmum value and compensation for the inability to

achieve the maximum value.
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DETATLED DESCRIPTION OF THE INVENTION

I'he present design provides a method and

apparatus for calibrating a medical device operable in

at least one axis of movement, such as a footpedal or

> footswitch. The design includes instructing a user to

operate the device to a first predetermined position

1n

monltoring movement o:

—

O L

|

first axis of movement while concurrently

r.l—

- the device to establish a set

movement responses, preomptiling the user to indicate

10 when the first predetermined position in the first

F_-

axi1s 1s attained, modifving the set of movement

responses when movement response ilrregularities are

detected, thereby establishing a modified set of

movement responses, and apprlying the meodified set of

N

15 movement responses to the medical device.

Whiie the present design may be used in various

environments and applications, it will be discussed

herein with a particular emphasis on a medical or

nospital environment, where a surgeon or health care

20  practiticner performs. For example, one embodiment of

the present design is a phacoemulsification system or

method that i1incorporates a device, such as a dual

linear axis footswitch, tc contrel the surgical

system. As used herein, the terms “footpedal” and

25> “footswitch” willl be used relatively interchangezbly

and both mean a contrel device coperable by a user’s

foot in normal operation.

FIG. 1 zllustrates a tvpical dual linear axis

footswitch 101. The pedal 102 can be depressed by a
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user to offer contreol of a parameter in the “pitch”

directicn, and the user twisting her fcot can control

a different parameter in the “vyaw” direction.

Switches 103 and 104 provide for additicnal control

functicnality.

One 1ssue wilith existing fcocotswitches such as that

shown 1n FIG. 1 1s that they can fall out cf electro-

mechanlical alignment. Falling ocut of alignment may be

—u

Judged by different metrics, and certain perscnnel may
consider an alignment unacceptable that cthers would
consider acceptable. Depending on circumstances, a
footpedal may be considered cut cof allignment when
complalints about the footswitch are received, or

footswitches may be periodically evaluated based on a

set of established criteria, and failure tTo meet

certaln criteria may result 1n the fcootswitch being

conslidered cut of alignment.

F

Alignment errors may take the form of dead zones

o

Oor nonlinearities 1n certaln regions cf the two axes.

When a footswitch such as feootswitch 101 1s considered

out of alignment, the footswitch has in the past been

-

taken coff-line or out of the operating room

environment and sent for repair, which typically

entails taking footswitch 101 apart and swapping out
faulty electrical and/or mechanical components, and

such down time 1s generally undesirable.

FIG. 2 1llustrates a phaccemulsification system

in bleock dlagram form showing components and

interfaces for a medical system that may emplov the
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present design. The particular embodiment illustrated

in FIG. 2 contemplates that GUI host 201 and

instrument host 202 are connected by a serial

P

communication cable 203 for the purposes of

controlling surgical instrument host 202. Note that

while shown as two separate components in FIG. 2, GUT

host 201 and 1nstrument host 202 may be formed or

provided 1n a single host device. A footswitch 204 1s
connected via a wire 205 or may be wirelessly
connected {(not shown) to surgical instrument host 202,

wherelin controls signals relating internal physical

and virtual switch pesition information are

transmitted to the instrument host 202.

A phacocemulsification system such ag that shown

in FIG. 2 has a handpiece/needle 210 that includes a
needle and electrical means, Lypically a pilezoelectric

crystal, for ultrasonically vibrating the needle.

Iinstrument host 202 supplies power on line 211 to

handpiece/needle 210. An irrigation fluid source 212

1s fluidly coupled to handpiece/needle 210 through

line 213, The irrigation fluid and ultrasonic power

are applied by handpiece/needle 210 to an eve or

affected area or region, indicated diagrammatically as

eye Z14. Alternatively, the irrigation source may be
routed to eve 214 through a separate pathway

independent of the handpiece.

The eye 214 1s aspirated by one or more pumps

(not shown) 1in instrument host 202 through
line/handpiece needle 215 and line 216. A switch 217

may be provided on the handpiece 210 and may provide a
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means for enabling a surgeon/operator to select an

amplitude of electrical pulses to the handpiece via

the i1nstrument host and GUT host. Switch 217 mav be

cmitted, and footswitch 204 or cther device mayv be
utilized 1n lleu of switch Z217. Footswitch 204 may

control fluid flow and/or ultrascnic parameters as

desired, and as discussed herein, a dual axis linear

In FIG, 2, footswitch 204 and instrument host 202

may provide control and feedback by exchanging data

between footswitch 204 and i1nstrument host 202,

between scoftware subsystems within the instrument
host, between the 1nstrument host and subsvstems
external to instrument host 202 and/cr GUI host 201,

or between subsystems external to instrument host 202

and/or GUI host 201. Instrument host 202 may include

varlious programs and functionality, including but not

limlited to applications functioning to conduct an

ophthalmic surgical procedure.

—

A surgeon can provide for different parameters or

functions to be effectuated by footswitch 204 using

GUI host 201. For example, cne surgecon may wish to
establish phaco power to be provided along the pitch

axis and fluid flow in the yaw axis, and she may

prefer to empleoy his right foot and increase fluid

flow by turning his foot inward only, such that

movement to the right provides no functionality or

represents a cdead band or dead zone. She may wish,

for example, for zero to 40 per cent deflection to

represent a linear ultrasonic power curve or response

10
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having a first slope, from 40 per cent to 80 per cent

a second llnear ultrasonic power curve having a second
slope, and anvthing over 80 per cent deflection
representing full availlable power. The surgeon or

another user may make these indications via GUI host

101 and the footswitch operates as programmed.

The 1ssue arises when footrswitch 101 develops

nonlinearltlies oOor unwanted dead pands, where further

motion 13 not read by the device. As noted, such

nonlinearities and dead zones are undesirable.

The present design employs a semi-automated

callbration technigue to account for issues with

various footswitches. The present design may not

address all 1ssues with footswitch calibration, as any

footswitch may completely fail in a particular aspect,
l1.e. the vaw axls may be completely nonresponsive due
tc a mechanical failure. However, many less dramatic

p——
(¥ =]
FTTY

failures or nonlinearities may be addressed by the

present design. The present design is not limited to

a dual axis footpedal, but may be employved on a single

axls footpedal or any single axis device, and thus may

ve employed with a device having at least one axis of

control or movement.

FIG., 3 1llustrates a general flowchart of the

present design for a dual axis footpedal. The same

general functions described may be used for a single

axls footpedal for the direction of movement

avallable, e.g. calibrating only the pitch or vaw

movement ©of a single axis footpedal. From FIG. 3,

11

PCT/US2009/063493
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seven Jgeneral functions may be performed by the user

at instrument host 201 using graphical user interface

host 202 to calibrate the footpedal and minimize the

F

consequences of nonlinearities and dead zones. Point

301 presents the option to the user ¢f resetting and

starting calibration. Resetting causes the footpedal

and associated hardware, firmware, and/cor software to

_be altered to a factory setting cr known parameter

set. One of the typical results of resetting is

establishing the neutral or center point, the point at

which the footpedal returns when nct engaged by a foot

or other device. By selecting point 301, the user is

ver1fying that the footpedal (not shown in this view)

1s properly connected to instrument host 202 and the

user wlshes to reset any settings and begin the

calibration process.

Point 302 asks that the footpedal be released to

the detent position, such as released all the way to

the zero degree pitch position. This position is

sometimes referred to as the neutral position. A

software button 1s provided thrcugh the GUI host 201,

such as by a touchscreen indication or selectable

outton using GUI host 201, Once the footpedal has
peen released or provided to the known detent
position, or neutral position, again here the zero
degree piltch pesition, the user pushes the button.
I'nis establishes the zerc degree pitch position or
detent position. The detent position may be any kncown

F

position of the footpedal, including a 10 percent

movement, a 50 per cent movement or a 100 per cent

12
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(fully depressed) position, or otherwise. The desire
1s to establish a known position and begin with that
known position, typicalily in the pitch axis but

—

possibly 1in the yaw axis 1f desired.

Point 303 asks the user to press all the way down
on the footpedal to full travel posgsiticn and then

press a button shown ¢on the GUI screen or otherwise

presented. Agaln, while full pitch positicn may be

the deslred positicon for point 303, some cother
peslition may be employed, where point 302 is the 100

per cent position and point 303 is the zero per cent

position, or the user could be asked to move from the

100 per cent position at point 302 to the 50 per cent

position or some other intermediate position at point
303. In any configuraticn, a beginning point and a
target polnt 1s provided and the user is prompted to
move from the Initial point at point 302 to the target

polnt at point 303

Also, a graphical depiction of the footpedal
reading may be provided, such as a zero per cent to

100 per cent bar graph with target footpedal position

indicated, e.g. by a line at 100 per cent. In this

manner, the user can observe the reading being made,

—u

and 1f a failure exists at the detent position, for

example, she may be presented with a failure
indication. For example, if no reading is available
at 100 per cent pitch positicn, once the user presses

the footpedal to the 100 per cent position and no

signal 1s received, an indication of no signal

recelved from the pedal may be provided to the user.

13
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1.5

2. ()

25

While not shown 1in FIG. 3, the position attained

-

during execution of peoint 303 instructions may be

displayed, such as via GUI host 101, such as in

3

percentage terms in numbers from 0 to 100. Thus, if

going from O through 100, the GUI may display “50”

when the pedal travels through the halfway point, for

example., At the completion of point 303, the user may

_press the button or indicator. The system, via..

instrument host 202, maintains the reading generated
as well as the respcnse received while traveling from
the zero position to the 100 position in the

arrangement shown.

Point 304 requests a release to the detent or

neutral position, which 1s the case of a dual axis

fococtpedal 1s the same position as in point 302.

Again, the user i1s asked to push a button or make an

indication when the footpedal has been returned to the

detent position.

While these tasks are ongoing, the system

monitors the footpedal travel and identifies any

1rregularities, such as the afcrementioned

[

nonlinearities or dead zones. If the pedal is at the

zero position and the user 1s instructed to depress

the pedal to the 100 per cent depressed position, the

p——

system may read the angle of depression while going

from the zero position to the 100 per cent poesition

and may note any angles where the signal drops or is

ctherwlse irregular. These readings may also be

maintained in the instrument host.

14
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The completion of point 304 and pressing of the

button by the user i1indilcates that the user’s foot has
been removed and the pedal 1is back at the neutral
position 1n the embodiment shown. This can be used to
indicate the zeroc vaw position or the starting vaw

posltion. Polnt 305 1nstructs the user tc yaw the

footpedal left toc a full travel position and press the

_button or i1ndicator. Agaln, instrument host 202 mayv

record or note the intermediate positions going from

zero vaw To full left vaw, and while not shown in FIG.

3, the amount ctf left vaw may be displayed to the

user, 1.e. graphically indicated, such as by providing

on GUI host 201 a number between zero and 100, with

Zzero representlng the neutral position and 100

representing full left yaw movement.

Point 306 indicates that the user 1s to yaw the
footpedal to a full right position and press the

button or indicator. Again, right and left may be

reversed in poeints 305 and 300 with the same results,

and footpedal travel positions or angles mayv be

recorded and/or maintained by the instrument host.

,.-

Whiie not shown in FIG. 3, the amount of right vyaw may

be displayed, i.e. graphically indicated, such as by
providing a number on GUI host 201, with zero
representing the neutral vaw position and 100
representing full right vyvaw movement. Once the user

presses the button or indicator after completing peint

300, all relevant positions of the footpedal have been
cvaluated and the system may process the infeormation

recelved as discussed below.

13
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AL point 307, the user may save the calibration,

and this typically occurs after the foregoing

footpedal positicn actions are processed by the

application operating inside instrument host 202.

—u

Date and time of the calibraticn may be saved on a

[

device, such as an EEPROM in the footpedal or on

instrument host 202. The raw calibratlon data may be

_saved, or alternately modified calibration data mav be

saved 1f the calibraticn application discussed hereiln

15 run after peint 306. Further, the response curve

or curves provided, whether raw cor modified, may be

applied to the device and provide the raw or modified

response when the device 1s emploved. In other words,

the callbration data, raw or modified, may be provided

to the 1nstrument host and the instrument host mavy

effectuate response functionality accerding to the raw

cr modlified response curves when footpedal 204 is

emploved.

F

Note that 1f scme point 1n the calibration

process, points 301 through 306, is judged to be

inadeguate, that point may be repeated if desired by

the application. Thus if insufficient informatiocn is

obtalned 1n one axis, 1.e. the user pressed the button

before the yvaw pedal had reached 100 per cent left

deflectlion, the application may direct the user to

repeat the desired action, either immediately after

the action or once all actions have been completed.

As shown 1n FIG. 3, other information about other
switches may be gathered and considered by the

application. Left virtual switch 308, right virtual

16
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30

switch 309, left switch 310, and right switch 311 may

be polled during the calibration process, or separate

FT-

from the calibraticn process, to see 1f these switches

operate properly. Virtual switches are when the foot

pedal 1s programmed to act a switch. For example, the

left yaw movement and/or the right vaw movement of the

footpedal may act as a switch as opposed to linear

ceontrol. Since Lhese are simple switches and are.

—r

f, simple depression of the switch may

elther on or o:

-

provide all of the Informaticon needed and may be

verifled by the user such as via the GUI host 201.

The success or failure of the switch, i.e. switch

response, may be displayed to the user, and she may be

provided the option of flagging a failed switch if

desired. If a switch has failled, there is typically

nothing that c¢an be done to account for this failure

other than to swap out the failed electronic or

mechanical components. No compensation may be

provided due to a switch or virtual switch failure.

Calibration Application

Once all the data has been collected, the
calibration application, typically residing in

instrument host 202, may process the data received

from the calibraticon process performed by the user.

The calibraticn application may either be a software

module separate from scftware or hardware monitoring

fTootpedal position, or the calibration application may

monitor the footpedal position and save or maintain
the responses encountered. Thus the calibration

application may have been operating throughout the

17
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P

procedures of FIG. 3, recording and/or maintaining the

r-

peositions c¢f the device when the variocus points have

been executed by the user.

In operation, the monitoring function, either as

h

apart of the calibration or as a separate module,

determines footpedal positions in both pitch and vaw

axes 1n the case ¢of a dual linear footpedal. The

footpedal may include hardware, firmware, and/or

software that preovides A/D (analog to digital) counts

o

ot footpedal pesiticns, such as from a low of zero for

undeflected to 255 for full deflection 1n each axis.

In the case of firmware performing this function in

the footpedal, the firmware may provide footpedal
counts to the callbration application operating within
instrument host 202. The calibration application may

P

convert the counts into percentages 1if desired.

Pertformance plots that may be encountered during

the calibraticn procedure of FIG. 3 are illustrated in

FIGs. 4A-4D. FIG. 4A 1llustrates perfect or ideal

-y

performance of the pitch and vaw axes, shown as

response curves 401, 402, and 403 for pitch, vaw left,

and vaw right, respectively. For a deflection of zero

in the pitch axis, a response of zero 1s encountered.

F

F'or a full deflection or 255 counts of actual

deflection in the footpedal, a response of 100 per

cent 1s encountered. Yaw right and left response

representations 1n FIG. 4A illustrate similar perfect

performance.

18
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FIG. 4B shows i1mperfect performance in the form

of response curve 421, where the signal drops between

about 40 and 100 counts of deflection in the

footpedal, 1ndicating a fallure in this region,

electrical and/cr mechanical. Such a zone 18

exaggerated for i1llustrative purposes only; an actual

P
—

zone of faillure covering approximately 25 per cent of

~the entilre region would 1n many cases be considered a.

complete failure cf the device. 1In this cilrcumstance,

the application may define between 40 and 100 counts

'}

as a dead band, where deflection in this region is of
no consequence, or provides no response, and 1if the

response 1s graphically presented to the user during

the FIG. 3 calibration, a zero or default response may

be provided. 1In operation, without calibration, no

response would be recelved and no functionality

provided by the i1Instrument host 202.

The user or the calibration application can make

—

accommodations for the dead band 1f desired. For

example, the user may wish To provide the raw response

knowling that the dead band exists, which may be

convevyed graphically via the GUI. In such a
circumstance, response 421 would be the response curve

emploved wlith the devlice.

Alternately, the user may wish to precvide a

substantiaily uniform response 1n view of the dead
band, continulng the response signal from the point
where the signal enters the dead band as shown by

curve 422. This allows the user Lo simply skip the

dead area and continue to increase performance after

19
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encountering the dead bkband. The resultant curve may

be a simple response translation such as curve 422 or

may be a recomputaticn of the response to, for

example, provide full respcnse at full deflection (100

per cent response at 100 per cent pitch deflection) as

shown by curve 423.

Thus 1n the case of dead bands, the svyvstem and

the calibration application may seek to ignore the

preoblem reglion or may compensate for the problem area

using the appllcation.

An alternate 1ssue 1s shown 1n FIG. 4C, namely

'-

Che 1ssue ¢of nonlinearity. Curve 441 shows a

nonlinearity from approximately 220 counts of left vaw

F

Lo approximately 255 counts of left yvaw. The

applicaticn may address this nonlinearity by

t—n

correcting for the nonlinearity 1n the affected

region, as shown by curve 442, The compensation may

be applied via the instrument host such that when, in

the case cf FIG. 4C, the footpedal 1s deflected to 90

per cent, 90 per cent response is generated rather

than 82 per cent were The uncompensated left vaw curve

emplcoyed.

A related 18sue 18 shown 1in FIG. 4D, wherein the

full pesition of right vaw 1s unachievable as

represented by curve 4el (again exaggerated for

1llustrative purposes). This may result from a dead

band at the maximum position when evaluated at point

306 in FIG. 3 and may have been identified during the

calibration process performed by the user. The

20
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calibration application may address an inability to

achieve full position by either ignoring the full
position cor ceonsidering the highest
readable/achievable position, in FIG. 4D being

—u
p—

approximately the 75 per cent pecint or 192 counts of

right vaw, as the maximum positicn. The application

then redeflnes the performance curve as curve 462,

providing..a . full range from zerc to. 100 . per cent from.

zero counts to 192 counts.

While single 1issues or irregularities are shown

in FIGs. 4B-4D, multiple irregularities may be

encountered 1n multiple axes, and multiple issues may

be enccuntered 1n a singie axis. The representations

—tr

1n these Figures are not accurate depictions of what

would be encountered but are for 1llustrative purposes

I

only, and more, fewer, or different i1ssues may be
present 1n the response curves produced during the

calibration process disclosed herein.

The final performance or response curves may be
generated by the calibration application, by the user,

or by a combination of both. The user may be

presented with selections from the calibration

application via the GUI and may select these, or the

calibration applicaticon may account for the

B

irregularities with no user intervention via a set of

established criteria for dealing with the issues

,-

encountered. Alternately, 1f a certain number of

1

18sues are encountered, such as a specified percentage

of a particular curve being unattainable or

21
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uncalibrated, or unable tc be calibrated, the

Tootredal may be considered unusable.

Assuming toctpedal i1rregularities may be

addressed via the foregeing application and/or user

interaction, pecint 307 in FIG. 3 may enable the user

Lo elther save the raw curves generated or the

modilified curves generated and thus save the

calibration. Saving may be tc a storage device, such

as an EEPRCM 1n the foctpedal or to the instrument

nost 202 or other appropriate storage device. The

calilbration, 1in the form ¢f raw or modified

performance curves, may be emploved by the instrument

host 202 together with the foctpedal to effectuate a

deslred response when the footpedal 1s emploved and

may address lrregularities that would otherwise be

encountered. As a simple example, 1f the modified

curve 1ndicates that when 75 per cent pitch axis

deflection i1s encountered from the footpedal, the

response should be 80 per cent functionality. The

instrument host may 1ndicate, electrically or

mechanically, that 80 per cent functionality is

required. This can be by implemented using a lookup

r-
p—

table ¢cr a set ¢f factors or by any reasonable means

'—
p—

of effectuating the calibration results and achieving

the desired functionality when emploving the device,

e.g. the footpedal.

The result 1s a calibrated footpedal that can be

reused together with the stored calibration

RIS

parameters. If the user or another individual wishes

to recallbrate the device, she may begin from point

22
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301 and progress through the calibration routine,

inciuding accemmodating for irregularities encountered

during the calibration process.

It 1s to be understood that while the present

cdesign has been described with respect to a footpedal,

ancd primarlily a dual axis linear fcocctpedal, any type

of mission critical device or devices may employ the

callbration process described herein. For example,

any device having at least one axis of control or

movement may be calibrated, again defining minimums
and maximums for cach axis and asking the user to move

the device to the minimum and maximum points. A

—

single axis of movement may be provided 1n the device

and calibrated according te the present design. The
system can record movements of the device and based on
the 1nputs provided and the responses encountered may
offer the user the ability tc address any deficiencies
encountered and/cor may automatically provide a
resultant i1nput and response representation for use
with the dewvice. Further, a device having more or

'_

fewer axes of contrel may employ the current design.

The foregoing 1s not determinative or exclusive

—

or 1nclusive of all components, interfaces,

communications, and operaticnal modes emplovable

wlithin the present design. The design presented

herelin and the specific aspects illustrated are meant
not to be limiting, but may include alternate

components while still 1ncorporating the teachings and

penefits of the invention, namely a method and device

23
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for calibrating a device operative 1n one or more

axes, such as a ftootpedal or footswitch., While the

inventlion has thus been described 1n connection with

specific embediments therecf, 1t will be understood

5 that the i1nvention 1s capable of further

modiflcations. This application 18 1ntended to cover
any varliatlons, uses or adaptations of the invention
_following, 1n general, the principles of the

inventlon, and 1ncluding such departures from the

10 present disgclosure as come withln known and customary

practice withlin the art to which the invention

pertains.

24



10

15

20

25

CA 02733827 2016-12-21

CLAIMS:

1. A method of calibrating a device operable in at least one axis of movement,
comprising:
providing a host device and a device operable in at least one axis of movement,

wherein the device is coupled with the host device, wherein the device 1s a footpedal or

footswitch;
instructing a user, via the host device, to operate the device to a first predetermined
position in a first axis of movement while concurrently monitoring movement of the device

to establish a set of movement responses;

prompting the user, via the host device, to indicate when the first predetermined
position in the first axis is attained;
modifying the set of movement responses, via the host device, when movement

response irregularities are detected, thereby establishing a modified set of movement

responses; and

employing the modified set of movement responses with the device, via the host device.

2. The method of claim 1, wherein said modifying comprises enabling the user to

provide desired response characteristics in establishing the moditied set of movement

responses.

3. The method of claim 1, wherein said modifying comprises automated processing

based on predetermined rules.

4. The method of claim 1, wherein the user indicates when the first predetermined

position has been attained by pressing a button.

5. The method of claim 1, further comprising saving the calibration, via the host

device, wherein saving the calibration comprises saving the modified set of movement

responses on a storage device.

6. The method of claim 1, further comprising evaluating switch pertormance for a

switch coupled with the host device, via the host device.
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7. The method of claim 1, wherein the device comprises a footpedal having two axes
of movement.
8. An apparatus comprising:

a medical device operable in at least one axis of movement, wherein the medical

device is a footpedal or footswitch; and

a host device coupled with the medical device comprising:

a monitor configured to monitor movement of the medical device in the at least one
axis of movement and establish a set of movement responses of the medical device; and

an application configured to receive the set of movement responses from the
monitor and modify the set of movement responses when movement response irregularities
are detected, thereby establishing a modified set of movement responses;

wherein the modified set of movement responses is configured to be employed with

the medical device.

9. The apparatus of claim 8, wherein the application interacts with a user through a
user interface coupled with the instrument host to enable said user to provide desired

response characteristics in establishing the modified set of movement responses.

10.  The apparatus of claim 8, wherein the application computes the moditied set of user

responses based on predetermined rules.

11.  The apparatus of claim 8, wherein the host device further comprises a graphical
user interface configured to instruct a user to operate the medical device to at least one

predetermined device position in the at least one axis of movement.

12.  The apparatus of claim 11, wherein the host device provides a desired position and

the graphical user interface enables the user to indicate when the desired position 1s

attained.

13.  The apparatus of claim 12, wherein the graphical user interface provides a button

for the user to engage when the desired position has been attained.
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14.  The apparatus of claim 8, wherein the medical device comprises an electronic
storage unit configured to save calibrations, wherein saving the calibration comprises

saving the modified set of movement responses.

15.  The apparatus of claim 8, wherein the medical device comprises a footswitch

having two axes of movement.

16. A method of calibrating a medical device operable in at least one axis of movement,
comprising:
providing a host device and a medical device operable in at least one axis of

movement, wherein the medical device is coupled with the host device, wherein the

medical device is a footpedal or footswitch;

instructing a user, via the host device, to operate the medical device beginning at a
first point along at least one axis of movement;

prompting the user, via the host device, to indicate when the first point along the at
least one axis of movement has been reached;

instructing the user, via the host device, to operate the medical device to a second

point along the at least one axis of movement;

prompting the user, via the host device, to indicate when the second point along the

at least one axis of movement has been reached;
monitoring movement of the medical device during said instructing and prompting,
via the host device, wherein said monitoring produces a set of movement responses;

selectively modifying the set of movement responses based on encountered

movement response irregularities to a modified set of movement responses, via the host

device; and

employing the modified set of movement responses when employing the medical

device during a medical procedure, via the host device.

17.  The method of claim 16, wherein said selectively modifying comprises enabling

the user to provide desired response characteristics in establishing the modified set of

movement responses.

27



10

15

20

25

CA 02733827 2016-12-21

18. The method of claim 16, wherein said selectively modifying comprises automated

processing of the set of movement responses based on predetermined rules.

19.  The method of claim 16, wherein the user indicates when the desired position has

been attained by pressing a button.

20.  The method of claim 16, further comprising saving the calibration, via the host
device, wherein saving the calibration comprises saving the modified set of movement

responses on a storage device.

21.  The method of claim 16, further comprising evaluating switch performance for a

switch coupled with the host device, via the host device.

22.  The method of claim 16, wherein the device comprises a footpedal having two axes

of movement.

23. A method for calibrating a device operable in at least one axis of movement,
comprising:

providing a host device and a device operable in at least one axis of movement,
wherein the device i1s coupled with the host device, wherein the device 1s a footpedal or
footswitch;

placing the device in a first predetermined position within a first axis;

confirming the first predetermined position upon reaching the position, via the host
device;

placing the device in a second pre-determined position within the first axis,

confirming the second predetermined position upon reaching the position, via the

host device;

monitoring movement from the first predetermined position to the second
predetermined position to establish a set of movement responses, via the host device;

detecting irregularities in the movement from the first predetermined position to the
second predetermined position, via the host device;

modifying the set of movement responses, via the host device, based on the detected

irregularities; and
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employing the modified set of movement responses with the device, via the host

device.

24.  The method of claim 23, further comprising:

placing the device in a first predetermined position within a second axis;

confirming the first predetermined position within the second axis upon reaching
the position, via the host device;

placing the device in a second predetermined position within the second axis;

confirming the second predetermined position within the second axis upon reaching
the position, via the host device;

monitoring movement from the first predetermined position to the second
predetermined position within the second axis to establish a second set of movement
responses, via the host device;

detecting irregularities in the movement from the first predetermined position to the
second predetermined position within the second axis, via the host device;

modifying the second set of movement responses, via the host device, based on the
detected irregularities; and

employing the modified second set of movement responses with the device, via the

host device.
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