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SYSTEM AND METHOD FOR CONTROL OF MEDICAL EQUIPMENT
USING MULTIPLE WIRELESS DEVICES

BACKGROUND

Complex medical devices are typically created by large companies that have the
research and development capabilities to develop the devices. For example, scanning and
imaging devices such as fluoroscopes, magnetic resonance imagers, nuclear magnetic
resonance imagers, ultrasound imagers, and even proton scanners have been developed.
These devices can cost millions of dollars each. Once a hospital or health care facility
owns such a device, they usually use the device for years, even decades to recover their
investment in the device.

However, once the devices have been developed and sold, there is often little
incentive for these large companies to make improvements to their devices. After several
years, displays, communication systems, software, and graphical interfaces can become
outdated, thereby making the expensive medical devices less attractive to use by
employees and diminishing the potential profitability of the devices to hospitals and
clinics.

For example, the operation of body-scanning devices can require a large number
of operations and controls to properly setup the scanning device for a selected patient and
provide the desired images. Most scanning devices have cumbersome, relatively non-
ergonomic input devices. Use of these input devices can cause users to become tired.
Over an extended period of time, the use of standard input devices supplied with body-

scanning devices can even cause repetitive motion problems.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and advantages of the invention will be apparent from the detailed
description which follows, taken in conjunction with the accompanying drawings, which
together illustrate, by way of example, features of the invention; and, wherein:

FIG. 1 is an illustration of a wireless footswitch system in accordance with an
embodiment of the present invention;

FIG. 2a is a perspective view illustration of an ergonomic wireless footswitch in

accordance with an embodiment of the present invention;
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FIG. 2b is a side view illustration of the footswitch of FIG. 2a;

FIG. 2c¢ is a bottom view of the footswitch of FIG. 2a;

FIG. 2d is an illustration of an integrated switch pad containing a plurality of
substantially flat switch zones in accordance with an embodiment of the present
invention;

FIG. 2¢ is an illustration of an integrated switch pad containing a plurality of
substantially flat switch zones with divided zones in accordance with an embodiment of
the present invention;

FIG. 2f is an illustration of the wireless footswitch in relation to the integrated
switch pad in accordance with an embodiment of the present invention;

FIG. 3 is an illustration of a receiver operable to connect to a body-scanning
device in accordance with an embodiment of the present invention;

FIG. 4 is an illustration of an electrical schematic of the receiver in accordance
with an embodiment of the present invention;

FIG. 5ais an illustration of an electrical schematic of a section of a transmitter for
the wireless footswitch in accordance with an embodiment of the present invention;

FIG. 5b is an illustration of an additional section of the electrical schematic of the
transmitter for the wireless footswitch in accordance with an embodiment of the present
invention;

FIG. 6a is an illustration of an electrical schematic for a handswitch transmitter
operable to communicate with the footswitch in accordance with an embodiment of the
present invention

FIG. 6b is an illustration of an electrical schematic for a handswitch receiver
hardwired to the wireless footswitch transmitter in accordance with an embodiment of the
present invention,

FIG. 7a is a perspective view illustration of a wireless handswitch in accordance
with an embodiment of the present invention;

FIG. 7b is a perspective view illustration of the wireless handswitch of FIG. 7a
showing a plurality of switch zones in accordance with an embodiment of the present
invention.

FIG. 8 is a flow chart depicting a method for wirelessly controlling a body-

scanning device in accordance with an embodiment of the present invention.
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Reference will now be made to the exemplary embodiments illustrated, and
specific language will be used herein to describe the same. It will nevertheless be

understood that no limitation of the scope of the invention is thereby intended.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

An ergonomic wireless footswitch system for controlling a body-scanning device
is disclosed. The wireless footswitch system 100, as illustrated in FIG. 1, includes a
footswitch device 110 and a handswitch device 150. In one embodiment, the footswitch
device can include an integrated switch pad 114. The integrated switch pad can include a
plurality of substantially flat switch zones that are actuatable with a user’s foot. For
example, a user can actuate one of the plurality of switch zones by placing their foot over
the switch zone and applying pressure. The actuation of the switch zone can be detected
by a microprocessor 122. The microprocessor can send predetermined data to a secure
transmitter 118 communicating which of the plurality of switch zones are activated.

The footswitch system 100 can be used to control body-scanning devices such as
an x-ray emitting device, a fluoroscope, a magnetic resonance imager, a nuclear magnetic
imager, an ultrasound imager, and a proton scanner. The footswitch system can also be
used to control portable devices such as a portable X-ray unit, a portable C-arm type X-
ray unit, or a fixed type x-ray room used for radiography, fluoroscopic imaging, and other
types of imaging. The term body-scanning device is intended to include both body
imaging devices and body scanning devices. The term is also intended to include devices
that only image or scan a portion of a body such as an appendage.

Due to the nature of the setting in which body-scanning devices are located, and
the nature of the body-scanning device itself, the use of a secure connection between the
transmitter and receiver can provide substantial benefits. For example, the body-scanning
device may be located in a large hospital having hundreds of types of medical equipment,
electronic devices, computers, and so forth. Each of these pieces of medical equipment
can radiate intended or unintended electromagnetic signals, thereby creating a relatively
noisy electrical environment. The medical equipment, computers, and electronic devices
may be used in life sustaining operations. Therefore, unintended communication with

these devices can be potentially catastrophic. Additionally, certain types of devices, such
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as body-scanning devices, can emit potentially harmful rays such as x-rays, proton beams,
and the like. Thus, the reception of any wireless commands at these devices should be
verifiable with a substantially high degree of confidence that an action, such as the
potentially dangerous emission of radiation, is intended.

To enable wireless transmission from the footswitch system 100 that can be used
to control a body-scanning device 130, several steps can be taken. The data from the
microprocessor may be scrambled using encryption algorithms, error correction encoding
and so forth. The secure transmitter 118 can wirelessly transmit 126 symbols
corresponding to the scrambled data from the microprocessor 122. The scrambling of the
data can ensure that only a desired device can receive and interpret the data, thereby
substantially reducing unintended operation of extraneous medical devices. Additionally,
the symbols that are transmitted can also be spread using a pseudorandom noise (PN)
code. Spreading of the symbols can minimize the probability that the data can be
detected and received by a non-intended receiver that does not have knowledge of the
specific PN code. The data may also be transmitted using multiplexing such as time or
space division multiplexing.

The symbols transmitted from the secure transmitter 118 can be received by a
secure receiver 138. The secure receiver can detect, receive, despread, decrypt, and
demultiplex the symbols as necessary to convert the symbols to data. The secure receiver
may include error correction decoders to minimize transmission and reception errors in
the symbols communicated between the secure transmitter and secure receiver.

To further enhance security, the secure transmitter 118 and secure receiver 138
can be configured to be paired. In one embodiment, the transmitter/receiver pair can
establish a trusted relationship by sharing a passkey. The paired passkey can be installed
in the transmitter and receiver at a period prior to a user’s purchase of the transmitter and
receiver. For example, the receiver can cryptographically authenticate the identity of the
transmitter by decrypting a transmitted passkey. Once the passkey has been verified as
the correct key, a channel having a designated address can be permanently assigned
between the transmitter and receiver.

Data that has been received and recovered at the secure receiver 138 can be
communicated to a microprocessor 142. The microprocessor can be used to translate the

data into a desired format for use by the body-scanning device 130. In one embodiment,
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the secure receiver and microprocessor can be connected to the body-scanning device
through a standard connection, such as a connection that was previously designated for
use with a wired control. For example, the secure receiver and microprocessor can be
contained within a housing that can be connected to a standard input that is used to
control the body-scanning device. The data output from the secure receiver to the body-
scanning device can be used to relay 134 actuations that activate or deactivate a desired
function within the scanning device. The data output from the microprocessor may be
formatted in a form that is acceptable to the scanning device.

In addition, the handswitch device 150 can be used to wirelessly communicate
with the scanning device 130. To enable multiple wireless devices to communicate with
a single receiver at the scanning device, the handswitch device is configured to
communicate wirelessly with a handswitch receiver 125 in the footswitch device 110.
The information can then be relayed through the secure transmitter 118 to the secure
receiver 138 coupled to the scanning device 130. This will be discussed more fully
below.

The handswitch device 150 can include an integrated switch pad 154. The
integrated switch pad can include a plurality of substantially flat switch zones that are
actuatable with a user’s hand (See FIG. 7). For example, a user can actuate one of the
plurality of switch zones by placing their finger over the switch zone and applying
pressure. The actuation of the switch zone can be detected by a microprocessor 152. The
microprocessor can send predetermined data to a secure transmitter 158 communicating
which of the plurality of switch zones are activated. This information can be wirelessly
transmitted from the secure transmitter 158 to the handswitch receiver 125 in the
footswitch device for relay to the secure receiver 138 coupled to the scanning device 130.

One embodiment of the footswitch system 100 is illustrated in FIGs. 2a-2c. The
footswitch system can include a footswitch enclosure 202 having a first side 204 and a
second side 206. The first side can be a bottom side of the enclosure and the second side
can be a top side of the enclosure. The bottom side can be substantially level with a
surface on which the enclosure is placed. The enclosure can have a substantially linear
gradient over at least a section of the distance between the first side and the second side.
For example, over the distance 208, there is a linear gradient as the top side increases in

distance from the bottom side. This shape provides a natural contour on which a user can
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rest his or her foot on the enclosure with minimal strain or fatigue. The enclosure can
include at least one recharging port 212 operable to enable a power source to be
connected to allow a battery power storage source within the enclosure to be recharged.

An integrated switch pad 210 can be carried on the top side 206 of the enclosure
202. The integrated switch pad, shown in one exemplary embodiment in FIG. 2d, can
include a plurality of substantially flat switch zones 218. Each switch zone is configured
to be actuated with a person’s foot. In one embodiment, each of the switch zones can
include a membrane switch. The membrane switch may be configured to provide a tactile
response when the switch is actuated, such as a snap or spring type feeling. The tactile
response can be implemented using a metal dome or a polymer dome formed using
thermal processing that is located within the membrane switch. This tactile response
provides feedback to a user to enable the user to sense when a switch on the integrated
switch pad has been actuated. Alternatively, each membrane switch may have little or no
tactile response to allow the switch to be actuated with minimal physical sense.

In another embodiment, each substantially flat switch zone 218 on the integrated
switch pad 210 can be divided into a first switch 221 and a second switch 223, as
illustrated in FIG. 2e. The first and second switches can be separated by a set distance,
such as one fourth of an inch. In one embodiment, the switches can be connected in
series to provide that both the first and the second switches are depressed in order to send
a command from the wireless footswitch. Dividing the switch zone into at least two
sections and requiring that each section is depressed to send a signal can substantially
reduce the risk of a user accidentally depressing a switch, or placing their foot in a
location on the switch pad that would unintentionally actuate two adjacent switches.
With the switch zones divided into two sections, a user would have to actuate four
sections at one time in order to actuate two adjacent switch zones simultaneously. In one
embodiment, each switch zone 218 can be separated by a distance of approximately
fifteen inches. This broad separation, along with the division of the switch zones into
multiple switches, can substantially eliminate the accidental actuation of two adjacent
switches.

Additionally, an exemplary embodiment illustrated in FIG. 2f shows that the
enclosure 202 can include at least one tactile feature 222 located between each switch

zone 218 on the enclosure. The tactile feature allows the user to sense which of the
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switch zones is actuated on the footswitch system 100 without the need to look down to
see where the user’s foot is located on the enclosure. The tactile feature may be a ridge
and/or groove integrated into the top surface 206 of the enclosure 202 between each
switch zone 218. Alternatively, the tactile feature may be formed from a different
material than the top surface is formed from, such as rubber or Velcro that allows the user
to sense a transition between switch zones on the enclosure.

The footswitch system 100 can also include sensors 209. The sensors can be
optically coupled to light emitting devices such as light emitting diodes. The sensors
typically are used in debugging to allow a user to verify proper operation and
communication between the footswitch system 100 and the footswitch receiver 300 (FIG.
3). One or more sensors can be configured to output an optically encoded signal, such as
a selected color or number of flashes to designate a specific operation or action at the
secure transmitter.

In one embodiment, the enclosure 202 can include a handle 226. The handle area
can improve the transportability of the footswitch system 100. The ability to easily
transport the footswitch system enables it to be used at locations that are convenient
rather than being limited by wiring or connection constraints. For example, a user can
locate the footswitch system at a location where control of a scanning system is most
comfortable and convenient to a patient. This can substantially improve the comfort and
case of a patient that is undergoing a scanning procedure. The handle also allows the
footswitch system to be used with portable imaging devices that are frequently moved.

Certain types of body-scanning devices are typically operated in a darkened
environment. The darkened environment may be used to allow the scanner operator to
more easily view the scanned images. In this environment, it may be difficult for the user
to see the switch zones 218 on the footswitch system 100. The switch zones formed of
the membrane switch can be lighted to provide a visual feedback to allow the scanner
operator to ensure that the proper switch is depressed while operating the body-scanner
with the footswitch system. Lighting of the membrane switch zones can be accomplished
using light emitting diodes, fiber optics, electroluminescence, and the like.
Electroluminescent lighting can be provided by screen printing a printable ink deposit
over a desired area of the membrane switch. The light can be substantially uniform over

the desired area. The amount of light provided at each switch zone is typically small to
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reduce battery drain and minimize interference with the light emitted by scanning
displays. A separate switch 224 may be included that enables an operator to activate or
deactivate the switch zone lighting, as desired.

FIG. 3 illustrates one embodiment of the secure receiver 300. The secure receiver
can be contained within a package 302 having a connector 304 designed to be connected
to a scanning device, as previously discussed. The connector can be a multi-pin
connector, a coaxial connector, or another type of connector typically used to input
information into a body-scanning device. The receiver can also include sensors 309 used
to verify operations and for debugging. The sensors can be optically coupled to light
emitting devices such as light emitting diodes. One or more sensors can be configured to
output an optically encoded signal, such as a selected color or number of flashes to
designate a specific operation or action at the secure receiver.

An exemplary embodiment of an electrical schematic for the receiver unit 300 is
illustrated in FIG. 4. The receiver unit can be comprised of a microprocessor (Ul), a
transceiver (U4), and additional ancillary components. The microprocessor can be a basic
stamp or another type of programmable microcontroller or microprocessor. For example,
a BS2 Parallax basic stamp microcontroller may be used. The transceiver can be operable
to communicate using the Bluetooth specification, the 802.11x specification, or another
proprietary or publicly available communication scheme that can be used to provide
secure wireless communications. For example, the transceiver can be an EB101
embedded Bluetooth radio. The microcontroller and microprocessor, while shown as
discrete components, can be integrated in a printed circuit board design.

In the embodiment illustrated in FIG. 4, the microprocessor U1 can control the
output relays (K1-K6) and the transceiver unit (U4). The microprocessor (U1) can
interface with the relay set (K1-K6) using its I/O ports numbered P9-P14 (U1 pins 14-19).
The microprocessor (U1) can also control the transceiver using its I/O pins 5, 6, 10 and 11
(PO, P1, P5, and P6). Power can be delivered to the various circuit components through
connector J3. The power can typically be obtained from a power source in the body-
scanning device. Incoming power is then routed through the steering diode (D4) and
capacitor C7, to relay K7. The relay energizes when the power reaches 12 VDC. The
power is then fed to voltage regulator U3, which reduces the input voltage to +5 VDC.
The +5VDC signal is then filtered and stored by capacitor C3 and directed to the input
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power pins of Ul and U3. Power is also passed across resistor R1 and onto LED D1,
which illuminates and indicates that power is present on the printed circuit board. In one
embodiment, pins P8 and P9 can be connected together with a logical AND to protect
against a single mode failure of the microprocessor U1, caused by a shorted substrate.
Additional light emitting diodes can also be included to provide indicators for debugging
and connecting the wireless circuits.

Signals from the footswitch are received at the transceiver (U4). The transceiver
then transmits them to the microprocessor (U1) in serial data format using U4 pins 3 and
4 and U1 pins 5 and 6 respectively, as shown. The microprocessor converts the serial
data into a variable and selects the proper output port/relay over which to route the
variable based on previous programming. The port or relay is activated by placing an
active signal (+5 VDC) on the proper output port. The port is connected to and activates
the correct relay(s). The information is then output through J2 to the body-scanning
device. This can be accomplished using hardware, software, firmware, or some
combination.

An exemplary embodiment of an electrical schematic for a printed circuit board
for the wireless transmitter in the footswitch 100 is illustrated in FIG. Sa and FIG. 5b.
With reference to FIG. 5a, a charging input to the printed circuit board can be connected
at J5. J5-pins 1 and 2 can be connected to a battery charger, such as a lithium ion charger
circuit. Power from at least one rechargeable battery can be connected through J2. For
example, in an embodiment with two batteries, the batteries positive leads can be
connected to pins J2-1 and J2-5, and ground can be connected through pins J2-2 and J2-6.
A fuse F1 is used to protect the connection between the batteries and the circuit.

In one embodiment, a gravity switch can be used to disable power to the
transmitter when the footswitch is not on a flat surface. For example, when the
transmitter circuit that is mounted in the wireless footswitch is changed from an upright
position and placed substantially flat for use on a surface such as the floor, gravity switch
S2 (or S3) actuates to turn on relay K5, thereby applying power to holding capacitor C7
and five volt regulator U2, which then outputs +5 VDC. The +5 VDC signal is then
applied to the microprocessor Ul. A capacitor C12 may be used to reduce the sensitivity
of the gravity switch. Voltage regulator U8 is used to apply power to transceiver U4.

This effectively powers the footswitch unit on. The microprocessor and transceiver can
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be the same as those used in FIG. 4. Ground is applied to the ground plane at the J5
connector and connects as shown on the schematic to provide current return to the power
supply. Relay K5 will close when the gravity switch S2 closes. The gravity switch may
also be connected as S3. When the charging voltage is removed, the relay K4 de-
energizes and the batteries are reconnected to the working circuit as long as the gravity
switch is closed.

The use of the gravity switch S2 provides an additional safety mechanism to help
ensure the security of workers, patients, and the body-scanning device to which the
footswitch is connected. When the footswitch is not laid substantially flat on a surface
then power to the unit is turned off through gravity switch S2. This ensures that a button
on the footswitch is not inadvertently activated while the wireless footswitch is being
moved.

Additional safety measures can also be implemented in the footswitch transmitter.
The use of radio transmitters and receivers is inherently more complicated than a wired
connection. The increased complexity, comprising additional hardware, software, and
firmware, can increase the potential for a temporary malfunction such as the inability to
send a command from the footswitch that will be received and performed by the body-
scanning device. The increased complexity and corresponding amplified potential for
problems has historically limited the use of wireless communication to control of non-
critical items.

The footswitch can be used to control body-scanning devices, which can output
potentially dangerous forms of radiation and matter. In order to allow the convenience of
wireless control while substantially reducing the potential risk of a hardware or software
error to prevent a critical communication to the body-scanning device, additional safety
components have been added to the footswitch controls. For example, FIG. 5a shows the
use of a watchdog timer U7, An exemplary watchdog timer is a Maxim
MAX6746K A29+T integrated circuit.

The watchdog timer can control the microprocessor reset line (U1, pin 28) from
the U7 RST line. The microprocessor can toggle its P10 port high and then low at a
regular interval during the course of its execution. The watchdog timer counts the toggles
and maintains operation as long as the predetermined number of toggles occurs. If the

hardware, such as processor U1, or the software running within the processor or other
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components connected to the processor cease to function normally (freeze up), thereby
making the processor unable to execute its instructions, the watchdog routine will not
toggle the WDI port on U7 and the watchdog timer will issue a reset to the
microprocessor Ul. The reset command will reset and restart the microprocessor and its
associated code. This prevents the transmitter from encountering conditions in which a
command cannot be sent, such as when the processor is stuck in a parasitic loop. The
software toggling the watchdog can be used in a plurality of program locations where
parasitic looping may occur. When the processor resets, the transmitter is configured to
automatically turn off critical features such as X-ray emissions, proton beams, and the
like. The use of the watchdog timer provides additional safety mechanisms that allow the
wireless footswitch to be used to control critical hardware such as body-scanning devices
while minimizing potential risks to operators and patients.

The footswitch microprocessor Ul can be a basic stamp or another type of
programmable microcontroller or microprocessor. The microprocessor can be connected
to the plurality of switches carried on the footswitch system. For example, in the
exemplary embodiment shown in FIG. 5b, input ports RB2, 3, 4 and 7 are connected to
switches on the footswitch system through connector J1B. The input ports are connected
through a voltage divider network, which limits the input current and drops the voltage
through the resistor to ground. The microprocessor can be a basic stamp, or another type
of programmable microprocessor or microcontroller. In one embodiment, the
microprocessor can be a BS2 Parallax basic stamp microcontroller. A predetermined
routine can be used to poll and monitor the switches on the footswitch using the
microprocessor, as can be appreciated.

Information from the microprocessor Ul can be communicated to a transceiver
U4. In one embodiment, the transceiver can be the same as used in FIG. 4. The
transceiver in the footswitch 100 can be configured to communicate with the transceiver
in the receiver 300. The transceiver U4 can be operable to communicate using a
Bluetooth specification, an 802.11x specification, or another proprietary or publicly
available communication scheme that can be used to provide substantially secure wireless
communications between the transceivers in the footswitch and the receiver.

In the exemplary embodiment shown in FIG. 5b, U1 pins 9 and 10 (PO and P1) are

connected to U4 pins 12 and 14 (transmit and receive) using a standard serial
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communications protocol that is built in to both Ul and U4, allowing for rapid
communications and programming using a conventional graphical user interface.

In one embodiment, a handswitch can be used in conjunction with, or in place of
the footswitch. In certain operating environments, it can be more convenient for a
scanner operator to use a hand switch along with, or in lieu of the footswitch. An
exemplary handswitch 700 is illustrated in FIG. 7a. The handswitch can include a
plurality of switch zones carried on an enclosure 703 of the handswitch, with each switch
zone providing an independent switch that can be used to control functions of a body-
scanning device. For example, FIG. 7b shows an exemplary illustration wherein the
handswitch includes four separate switch zones, 710, 720, 730 and 740.

In one embodiment, the handswitch 700 can be in wireless communication with
the footswitch. Indicators 709 can be used to debug the handswitch circuitry, to
determine when the handswitch is in wireless communication with a receiver, or other
indications as needed. The handswitch can operate substantially similarly to the
operation of the footswitch that has been previously described. However, the handswitch
can be configured to communicate with a receiver in the footswitch rather than directly
with the receiver at the body-scanning device.

A wireless signal can be communicated from the handswitch 700 to the footswitch
100 (FIG. 1). The wireless signal can include information detailing the status of each
switch zone on the handswitch. The footswitch 100 can then transmit the information
from the handswitch to the receiver 300 (FIG. 3). Using the footswitch as an
intermediary to transmit the information to the receiver can enable a single, secure
wireless channel to be created between the footswitch and the receiver. This eliminates
the need for two separate receivers at the body-scanning device and reduces the overall
complexity of the system, thereby reducing the cost of the footswitch/handswitch
combination. Additionally, the handswitch can be designed to only communicate with
the footswitch, thereby enabling secure communication from the handswitch to the
footswitch and then to the receiver at the body scanning device. This provides secure
communication from the handswitch to the receiver while substantially reducing potential
interference with other wireless devices within a hospital or clinic.

One exemplary illustration of a schematic for a handswitch transmitter configured

to communicate with the footswitch is illustrated in FIGs. 6a(1) — 6a(3). In the exemplary
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schematic for a handswitch transmitter, the remote handswitch can include a
microprocessor Ulshown in FIG. 6a(1) that is operable to detect when a switch zone on
the handswitch is depressed. In one embodiment, the microprocessor can be a BS2
Parallax basic stamp microcontroller. The microprocessor can communicate a change in
status of one of the switch zones to the wireless transmitter U6, shown in FIG. 6a(3). In
one embodiment, the wireless transmitter U6 can be an EB101 embedded Bluetooth
radio. The wireless transmitter can be configured to transmit the status of the switch
zones on the handswitch to a remote handswitch receiver located within the footswitch
enclosure. In the exemplary embodiment illustrated in FIG. 5b, the remote handswitch
receiver can be connected through connector J1A to inputs RC3, 4, 5 and 6 of Ul. The
signals are then interpreted by the microprocessor Ul and directed to the transceiver U6
to be transmitted to the receiver 300 (FIG. 3), as previously discussed.

An exemplary illustration of a schematic of a handswitch receiver 600 is provided
in FIGs. 6b(1) and 6b(2). As discussed above, the handswitch receiver can be located in
the footswitch enclosure 202 (FIG. 2a) and hardwired to the wireless footswitch
transmitter, as shown in FIG. 5b. The handswitch receiver includes a transceiver U4
(FIG. 6b(2)) that can be configured to communicate with the transceiver U6 in the
handswitch transmitter (FIG. 6a(3)). The transceiver U4 can be operable to communicate
using a Bluetooth specification, an 802.11x specification, or another proprietary or
publicly available communication scheme that can be used to provide substantially secure
wireless communications between the transceivers in the footswitch and the receiver. In
one embodiment, the transceiver U4 can be an EB101 embedded Bluetooth radio.

Data from the handswitch transmitter transceiver U6 (FIG. 6a(3)) can be received
at U4 in FIG. 6b(2) and communicated to a microprocessor Ul shown in FIG. 6b(1). In
one embodiment, the microprocessor Ul can be a BS2 Parallax basic stamp
microcontroller. In the exemplary embodiment shown in FIG. 6a(1), U1 pins 9 and 10
(RBO and RB1) are connected to U4 pins 12 and 14 (transmit and receive) using a
standard serial communications protocol that is built in to both U1 and U4. The
microprocessor can be used to process the received signals and convert the data to a
desired format. The formatted data can then be output from pins 18 to 21 to connector J3.

Connector J3 can be connected to connector J1A of FIG. 5b, as previously discussed.
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In one embodiment, the transceivers U4 in FIGs. 5b and 6b can be configured
such that communication from either the handswitch or the footswitch is given priority.
For example, in the exemplary embodiment of FIGs. 5b and 6b, pin RB6 of U1 is
connected to pin 27 of U4. The microprocessor can be used to change the mode of the
transceiver based on whether the footswitch, the handswitch, or some combination will be
used. It is also possible for the handswitch to communicate directly with the recetver 300
(FIG. 3).

The data from the microprocessor Ul in FIG. 6a(1) may be scrambled using
encryption algorithms, error correction encoding and so forth. The transceiver U6 shown
in FIG. 6a(3) can wirelessly transmit symbols corresponding to the scrambled data from
the microprocessor Ul. The scrambling of the data can ensure that only a desired device
can receive and interpret the data, thereby substantially reducing unintended operation of
extraneous medical devices. Additionally, the symbols that are transmitted can also be
spread using a pseudorandom noise (PN) code. Spreading of the symbols can minimize
the probability that the data can be detected and received by a non-intended receiver that
does not have knowledge of the specific PN code. The data may also be transmitted
using multiplexing such as time or space division multiplexing.

The symbols transmitted from the transceiver U6 in the handswitch transmitter
illustrated in FIG. 6a(3) can be received by the transceiver U4 in the handswitch receiver
illustrated in FIG. 6b(2). The secure receiver can detect, receive, despread, decrypt, and
demultiplex the symbols as necessary to convert the symbols to data. The secure receiver
may include error correction decoders to minimize transmission and reception errors in
the symbols communicated between the secure transmitter and secure receiver. This
information can then be communicated to the microprocessor Ul shown in FIG. 6b(1).
The microprocessor can also be used in despreading, decrypting, and demultiplexing the
symbols as necessary.

In another embodiment, a method 800 for wirelessly controlling a body-scanning
device using multiple wireless devices is depicted in the flow chart of FIG. 8. The
method includes the operation of providing 810 an integrated switch pad carried on a
footswitch enclosure. The integrated switch pad includes at least one substantially flat
footswitch zone. Each footswitch zone includes a switch that is configured to be actuated

with a person’s foot. The footswitch enclosure includes a secure wireless transmitter
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operable to communicate a secure wireless signal from the footswitch enclosure to a
footswitch receiver coupled to the body-scanning device. The secure wireless signal can
be communicated in response to an actuation of the at least one footswitch zone.

An additional operation includes providing 820 at least one handswitch zone
containing a switch that is carried on a handswitch enclosure. The handswitch enclosure
includes a wireless handswitch transmitter configured to communicate actuation of the at
least one handswitch zone to a handswitch receiver located in the footswitch enclosure.
The secure wireless transmitter located within the footswitch enclosure is further
configured to communicate signals from the handswitch receiver to the footswitch
receiver coupled to the body-scanning device to enable an operator to control the body-
scanning device using one of the at least one handswitch zone and the at least one
footswitch zone.

The wireless footswitch system 100 and wireless handswitch 700 are operable to
communicate securely with the receiver 300 to enable an operator of a body-scanning
device the ease and convenience of wirelessly controlling the scanning device from a
desired location. The desired location can be selected to provide more convenience and
comfort to a patient. The hardware and software are designed to provide a high degree of
reliability needed to control critical medical instruments that are designed to emit
potentially harmful radiation.

Additionally, the wireless footswitch is designed to provide an operator of a body-
scanning device with an ergonomic design. The ergonomic design of the wireless
footswitch does not require the operator to lift his or her entire foot to actuate an adjacent
switch zone. This reduces strain and fatigue that can occur during long scanning
procedures.

While the forgoing examples are illustrative of the principles of the present
invention in one or more particular applications, it will be apparent to those of ordinary
skill in the art that numerous modifications in form, usage and details of implementation
can be made without the exercise of inventive faculty, and without departing from the
principles and concepts of the invention. Accordingly, it is not intended that the

invention be limited, except as by the claims set forth below.
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CLAIMS

What is claimed is:

1. A wireless control system for communicating with a body-scanning device (130)

10

15

20

25

30

using multiple wireless devices, comprising:

a footswitch enclosure (202);

an integrated switch pad (210) carried on the footswitch enclosure (202)
containing at least one substantially flat footswitch zone (218) containing a
switch, wherein the switch in the at least one footswitch zone is configured to be
actuated with a person’s foot;

a secure wireless transmitter (118) located within the footswitch enclosure
and configured to form a secure wireless connection between the wireless
footswitch (110) and a footswitch receiver (300) coupled to the body-scanning
device (130) to communicate actuation of the footswitch zone (118) to enable an
operator to control the body-scanning device (130) using the footswitch (110);

a handswitch enclosure (703);

at least one handswitch zone (710, 720, 730, 740) carried on the
handswitch enclosure (703) containing a switch, wherein the switch in the at least
one handswitch zone is configured to be actuated with a person’s hand; and

a wireless handswitch transmitter (158) located within the handswitch
enclosure (703) and configured to communicate actuation of the at least one
handswitch zone (710, 720, 730, 740) carried on the handswitch enclosure 703 to
a handswitch receiver (125) located in the footswitch enclosure (703), wherein the
secure wireless transmitter 118 located within the footswitch enclosure (202) is
further configured to communicate signals from the handswitch receiver (125) to
the footswitch receiver (138) coupled to the body-scanning device (130) to enable
an operator to control the body-scanning device (130) using at least one of the

handswitch zone (710, 720, 730, 740) and the footswitch zone (218).

A system as in claim 1, further comprising a microprocessor electrically
connected to the secure wireless transmitter located within the footswitch

enclosure, wherein the microprocessor is operable to scan a status of the switch in
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each of the at least one substantially flat footswitch zones and the at least one

handswitch zone.

A system as in claim 2, further comprising a watchdog timer configured to
receive a pulsed signal from the microprocessor that is pulsed at a predetermined
rate when the microprocessor is operating within selected parameters, wherein the
watchdog timer is operable to reset the microprocessor when the pulsed signal is

pulsed at less than the selected rate.

The system of claim 3, wherein the secure wireless transmitter is operable to
transmit a signal to the body-scanning device to turn off an output of the body

scanning device when the pulsed signal is pulsed at less than the selected rate.

A system as in claim 2, further comprising a priority switch coupled to the
microprocessor, wherein the priority switch is operable to select between the
communication of actuation of the at least one footswitch zone and
communication of actuation of the at least one handswitch zone to the footswitch

receiver coupled to the body-scanning device.

The system of claim 1, wherein the body-scanning device is selected from the
group consisting of a fixed x-ray emitting device, a portable x-ray emitting device,
a fluoroscope, a magnetic resonance imager, a nuclear magnetic imager, an

ultrasound imager, and a proton scanner.

The system of claim 1, wherein the secure wireless receiver is configured to

recognize only the secure wireless transmitter during a paring operation.

The system of claim 1, wherein the secure wireless transmitter is operable to
transmit scrambled data and the footswitch receiver is operable to receive the
scrambled data and descramble the data and communicate the descrambled data to

the body scanning device.
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9. The system of claim 1, wherein the handswitch transmitter is operable to transmit

scrambled data and the handswitch receiver is operable to receive the scrambled
data and descramble the data and communicate the descrambled data to the secure
wireless transmitter for communication to the secure wireless receiver and the

body scanning device.

10. A method for wirelessly controlling a body-scanning device using multiple

wireless devices, comprising:

providing an integrated switch pad carried on a footswitch enclosure
containing at least one substantially flat footswitch zone containing a switch,
wherein the switch in the at least one footswitch zone is configured to be actuated
with a person’s foot, wherein the footswitch enclosure includes a secure wireless
transmitter operable to communicate a secure wireless signal from the footswitch
enclosure to a footswitch receiver coupled to the body-scanning device in
response to an actuation of the at least one footswitch zone (810);

providing at least one handswitch zone containing a switch that is carried
on a handswitch enclosure, wherein the handswitch enclosure includes a wireless
handswitch transmitter configured to communicate actuation of the at least one
handswitch zone to a handswitch receiver located in the footswitch enclosure,
wherein the secure wireless transmitter located within the footswitch enclosure is
further configured to communicate signals from the handswitch receiver to the
footswitch receiver coupled to the body-scanning device to enable an operator to
control the body-scanning device using one of the at least one handswitch zone

and the at least one substantially flat footswitch zone (820).

11. A method as in claim 10, further comprising selecting between a priority of

communication of actuation of the at least one footswitch zone and
communication of actuation of the at least one handswitch zone to the footswitch

receiver coupled to the body-scanning device.

12. A method as in claim 10, further comprising scanning a status of the at least one

footswitch zone and the at least one handswitch zones using a microprocessor to
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13.

14.

15.

determine when actuation occurs.

A method as in claim 12, further comprising monitoring a condition of the
microprocessor to determine when the microprocessor is operating within
predetermined parameters and transmitting a signal to the footswitch receiver
coupled to the body-scanning device to turn off an output of the body-scanning
device when the microprocessor is operating outside of the predetermined

parameters.

A method as in claim 13, further comprising monitoring the condition of the
microprocessor using a watchdog timer configured to receive a pulsed signal from
the microprocessor that is pulsed at a predetermined rate when the microprocessor
is operating within the predetermined parameters, wherein the watchdog timer is
operable to reset the microprocessor when the pulsed signal is pulsed at less than

the predetermined rate.

A method as in claim 10, further comprising providing an integrated switch pad
carried on a footswitch enclosure containing a plurality of substantially flat
footswitch zones with a tactile divider located between each footswitch zone to
provide feedback to a user concerning a location of the user’s foot on the

footswitch enclosure.
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Providing an integrated switch pad carried on
a footswitch enclosure containing at least one
substantially flat footswitch zone containing a
switch, wherein the switch in the at least one
footswitch zone is configured to be actuated

PCT/US2009/064793

with a person’s foot, wherein the footswitch /\/ 810

enclosure includes a secure wireless
transmitter operable to communicate a secure
wireless signal from the footswitch enclosure
to a footswitch receiver coupled to the body-
scanning device in response to an actuation
of the at least one footswitch zone.

Providing at least one handswitch zone
containing a switch that is carried on a
handswitch enclosure, wherein the
handswitch enclosure includes a wireless
handswitch transmitter configured to
communicate actuation of the at least one
handswitch zone to a handswitch receiver
located in the footswitch enclosure, wherein

the footswitch enclosure is further configured

to communicate signals from the handswitch

receiver to the footswitch receiver coupled to
the body-scanning device to enable an

operator to control the body-scanning device
using one of the at least one handswitch

zone and the at least one substantially flat
footswitch zone.

FIG. 8

the secure wireless transmitter located within /\/ 820
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