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(57) Abrege/Abstract:

A medical device Identifier can identify an implanted medical device. In one example arrangement, the medical device identifier
sends electromagnetic signals to the implanted device according to one or more stored digitized waveforms. The device then
senses any returned electromagnetic signals, and identifies the implanted device based on the returned electromagnetic signals.
he medical device Identifier may generate the electromagnetic signals from the stored digitized waveforms using an analog-to-
digital converter, and may compare the returned electromagnetic signals with one or more stored digital templates corresponding
to different device manufacturers. The comparison may be performed using cross correlation. In another aspect, a portal device
Includes an identification subsystem for identifying the provider of a medical device, and a communication subsystem for
establishing two-way communication a call center servicing medical devices from an identified provider. The portal device may relay
Information between the medical device and the identified provider.
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(57) Abstract: A medical device i1dentifier can identify an implanted medical device. In one example arrangement, the medical
device 1dentifier sends electromagnetic signals to the implanted device according to one or more stored digitized waveforms. The
device then senses any returned electromagnetic signals, and identifies the implanted device based on the returned electromagnetic
signals. The medical device identifier may generate the electromagnetic signals from the stored digitized wavetorms using an analog-

to different device manufacturers. The comparison may be perto:

to-digital converter, and may compare the returned electromagnetic signals with one or more stored digital templates corresponding
'med using cross correlation. In another aspect, a portal device in -

cludes an 1dentification subsystem for identifying the provider ot a medical device, and a communication subsystem for establishing

two-way communication a call center servicing medical devices from an identified provider. The portal device may relay information
between the medical device and the 1dentified provider.
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MEDICAL DEVICE IDENTIFIER

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Patent Application No. 61/672,170 filed

July 16, 2012 and titled “Medical Device Identifier”

BACKGROUND OF THE INVENTION
Implantable medical devices are increasingly common. For example, many people now have
implanted pacemakers, cardioverters, or other devices that monitor the user’s heart function and
automatically intervene when necessary to stimulate the heart to maintain a proper heart rhythm.
Many modern implantable medical devices are externally programmable using a “programmer”
that exchanges electromagnetic signals with the implanted device. The programmer may gather
information stored in the implanted device, and may also be used by a physician to change
operational parameters of the implanted device to tailor the operation of the device to the needs of

the particular patient,

Typically, the programmer emits an clectromagnctic signal that 1s detected by the implanted
device. Upon recognizing the signal from the programmer, the device responds with its own
electromagnetic signal, and the programmer and the device can thus establish two-way
communication. For some devices, a constant magnetic field 1s used to signal the implanted
device to communicaic. There are a number of manufacturers of implantable medical devices.
For example, there are currently five manufacturers of implantable cardiac pacemakers. Lach
manufacturer uses a different protoco! for communicating with its device, and theretore a
nrogrammer from one manufacturer cannot be used to communicate with an implanted device

from another manufacturer.

A commonly occurring problem arises when a patient having an implanted medical device such as
a pacemaker arrives at an emergency room in need of emergency medical treatment. Proper
treatment of the patient may require reprogramming the pacemaker. While 1t may be clear that
the patient has an implanted pacemaker, the make and model of the pacemaker may not be readily
apparent. Until the manufacturer of the device 1s identified, 1t is not known how to communicate
with the pacemaker. Even if programmers for all makes of pacemakers are at hand, trying all of
them in sequence takes valuable time and may not successfully identify the manufacturer. In this

situation, the emergency room personnel often order a chest x-ray from which the pacemaker can

CA 2878373 2018-03-21
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be 1dentified. However, this process also takes considerable time, and may delay treatment to the

detriment of the patient.

In order to facilitate prompt and thorough patient treatment, implantable device manufacturers
typically provide personnel who are on call near medical facilities to assist with any device-
related 1ssues. An emergency room physician may call a device manufacturer’s representative to
assist in treatment of a patient who has a pacemaker made by that manufacturer, for example to
assist in any reprogramming of the device. In some cases, when a device 1s misidentified, the
wrong manufacturer’s representative 1s called, resulting in additional delay while the correct

manufacturer’s representative 1s called.

The cost of providing a network of on-call representatives 1s burdensome on the device
manufacturcrs, and may dcter manufacturers from entering new markets, especially markets

having sparse populations.

BRIEF SUMMARY OF THE INVENTION

According to one aspect, a medical device 1dentifier includes a coil and a computer subsystem.
The computer subsystem includes a processor and memory, the memory holding 1nstructions
executable by the processor and also holding a plurality of digitized waveforms. The medical
device 1dentifier further includes a digital-to-analog converter coupled to the processor, drive
circuitry coupled to the coil and the digital-to-analog converter, and receiver circuitry coupled to
the coil and the computer subsystem. The instructions, when executed by the processor, cause the
medical device 1dentifier to sequentially excite the coil, via the digital-to-analog converter and the
drive circuitry, to generate electromagnetic waveforms corresponding to one or more of the
digitized waveforms. The medical device 1dentifier also receives and digitizes, via the coil and
the receiver circuitry, a returned electromagnetic waveform transmitted from a medical device 1n
response to the electromagnetic waveforms generated by the medical device 1dentifier, and

1dentifies the medical device based on the digitized returned electromagnetic waveform. In some

medical devices, and the instructions, when executed by the processor, cause the medical device
identifier to 1dentify the medical device based on a comparison of the digitized returned
clectromagnetic wavetorm with the plurality of digital templates. In some embodiments, the
comparison of the digitized returned electromagnetic waveform with a respective one of the
digital templates comprises a cross-correlation of the digitized returned electromagnetic wavetform
with the respective digital template. In some embodiments, the instructions, when executed by

the processor, cause the medical device 1dentifier to compare the digitized returned
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clectromagnetic waveform with at least two of the plurality of digital templates, and 1dentify the
medical device based on the template best matching the digitized returned electromagnetic
waveform. The medical device identifier may further produce a constant magnetic field to
attempt to prompt a response from the medical device. In some embodiments, the instructions,
when executed by the processor, cause the medical device 1identifier to, for cach respective
clectromagnetic waveform generated, place the coil 1n a receive mode and digitize the output of

the coil, wherein for a particular one of the generated clectromagnetic wavetorms the digitized

holding instructions ¢xccutable by the processor and holding a plurality of digital templates
corresponding to different medical devices. The medical device identifier further includes drive
circuitry coupled to the coil and the computer subsystem, and receiver circuitry coupled to the coil
and the computer subsystem. The instructions, when executed by the processor, cause the
medical device 1dentifier to sequentially excite the coil via the drive circuitry to generate
clectromagnetic wavetforms corresponding to a plurality of digitally predefined wavetorms,
recelve and digitize via the coil and the receiver circuitry a returned electromagnetic waveform
transmitted from a medical device 1n response to the electromagnetic waveforms, and perform a
cross correlation of the digitized returned electromagnetic wave form with at least one of the
plurality of digital templates. In some embodiments, the instructions, when executed by the
processor, cause the medical device 1dentifier to perform a cross correlation of the digitized
clectromagnetic wave form with each of at least two of the templates, and 1dentify the medical

device based on the template best matching the digitized returned electromagnetic waveform as

waveform generated, place the coil 1n a recerve mode and digitize the output of the coil, wherein
for a particular one of the generated electromagnetic wavetorms the digitized output of the coil 1s

the digitized returned electromagnetic wavetorm.

According to another aspect, a medical device identifier includes a housing, a printed circuit board
within the housing, control electronics mounted on the printed circuit board, and a coil. The coil
1s positioned away from the printed circuit board and coupled to the printed circuit board for
generating a sequence of electromagnetic waveforms to prompt a return signal from a medical
device. The control electronics 1dentifies the medical device based on the return signal. The coil

may be coupled to the printed circuit board via a cable. The coil may be mounted 1n a portion that
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extends from the housing. In some embodiments, the control electronics further comprise a
computer subsystem comprising a processor and memory, the memory holding instructions
cxecutable by the processor and holding a plurality of digital templates corresponding to different
medical devices; drive circuitry coupled to the coil and the computer subsystem; and receiver
circuitry coupled to the coil and the computer subsystem; wherein the instructions, when executed
by the processor, cause the medical device identifier to: sequentially excite the coil via the drive
circultry to generate electromagnetic wavetorms corresponding to a plurality of digitally
predefined wavetforms; receive and digitize via the coil and the receiver circuitry a returned
clectromagncetic waveform transmitted from a medical device in response to the clectromagnetic
wavciorms; and perform a cross correlation of the digitized returned electromagnetic wave form
with at least one of the plurality of digital templates. In some embodiments, the instructions,
when executed by the processor, cause the medical device 1dentifier to perform a cross correlation
of the digitized electromagnetic wave form with each of at least two of the templates, and 1dentity
the medical device based on the template best matching the digitized returned electromagnetic
waveform as determined by the cross correlations. In some embodiments, the control electronics
further comprise a digital-to-analog converter, and the generated electromagnetic waveforms are
generated 1n part by supplying the digitally predefined waveforms to the digital-to-analog

converter.

According to another aspect, a portal device, includes a device 1dentification subsystem
configured to 1dentify, from a plurality of possible providers, the provider of a medical device that
1S 1n proximity to the portal device; and a communication subsystem configured to establish two-
way communication over an ¢lectronic link with a call center servicing medical devices from the
identified provider. The portal device 1s operable to receive electromagnetic signals from the
medical device, to forward to the call center information based on the clectromagnetic signals
recerved from the medical device, to receive communications from the call center carrying
information to be transmitted to the medical device, and to transmit further electromagnetic
signals to the medical device based on the communications received from the call center. In some
embodiments, the portal device further includes a plurality of translation modules corresponding
respectively to the plurality of possible providers. In some embodiments, each translation module
1s provided by its respective one of the plurality of possible providers. In some embodiments, the
device 1dentification subsystem further comprises: a coil; a computer subsystem comprising a
processor and memory, the memory holding instructions executable by the processor and holding
a plurality of digital templates corresponding to different medical devices; drive circuitry coupled

to the coil and the computer subsystem; and receiver circuitry coupled to the coil and the

4
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computer subsystem; wherein the instructions, when executed by the processor, cause the
medical device identifier to: sequentially excite the coil via the drive circuitry to generate
electromagnetic waveforms corresponding to a plurality of digitally predefined wavetforms;
receive and digitize via the coil and the receiver circuitry a returned electromagnetic
waveform transmitted from a medical device in response to the electromagnetic waveforms;
and identify the provider of the medical device based on a comparison of the returned
electromagnetic waveform with at least one of the plurality of digital templates. In some
embodiments, the device 1dentification subsystem further comprises a digital-to-analog
converter, and wherein the generated electromagnetic waveforms are generated 1n part by

supplying the digitally predefined waveforms to the digital-to-analog converter.

According to one aspect of the present invention, there is provided a medical device identifier,
comprising: a coil; a computer subsystem comprising a processor and memory, the memory
holding instructions executable by the processor and also holding a plurality ot digitized
waveforms; a digital-to-analog converter coupled to the processor; drive circuitry coupled to
the coil and the digital-to-analog converter; and receiver circuitry coupled to the coil and the
computer subsystem; wherein the instructions, when executed by the processor, cause the
medical device identifier to: sequentially excite the coil, via the digital-to-analog converter
and the drive circuitry, to generate electromagnetic waveforms corresponding to one or more
of the digitized waveforms; receive and digitize, via the coil and the receiver circuitry, a
returned electromagnetic waveform transmitted from a medical device in response to the

electromagnetic waveforms generated by the medical device identifier; and 1dentify the

medical device based on the digitized returned electromagnetic waveform, wherein the
memory further holds a plurality of digital templates corresponding to different medical
devices, and wherein the instructions, when executed by the processor, cause the medical
device identifier to identify the medical device based on a comparison of the digitized

returned electromagnetic waveform with the plurality of digital templates.

According to another aspect of the present invention, there is provided a medical device
identifier, comprising: a coil; a computer subsystem comprising a processor and memory, the

memory holding instructions executable by the processor and holding a plurality of digital

CA 2878373 2018-03-21
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templates corresponding to different medical devices; drive circuitry coupled to the coil and

the computer subsystem; and receiver circuitry coupled to the coil and the computer
subsystem; wherein the instructions, when executed by the processor, cause the medical
device identifier to: sequentially excite the coil via the drive circuitry to generate
electromagnetic waveforms corresponding to a plurality of digitally predefined waveforms;
receive and digitize via the coil and the receiver circuitry a returned electromagnetic
waveform transmitted from a medical device in response to the electromagnetic wavetorms;

and perform a cross correlation of the digitized returned electromagnetic wave form with at

least one of the plurality of digital templates.

According to still another aspect of the present invention, there is provided a medical device
identifier, comprising: a housing; a printed circuit board within the housing; control
electronics mounted on the printed circuit board; and a coil positioned away from the printed
circuit board and coupled to the printed circuit board for generating a sequence of
electromagnetic waveforms to prompt a return signal from a medical device; wherein the
control electronics identifies the medical device based on the return signal, and wherein the
control electronics further comprise: a computer subsystem comprising a processor and
memory, the memory holding instructions executable by the processor and holding a plurality
of digital templates corresponding to different medical devices; drive circuitry coupled to the
coil and the computer subsystem; and receiver circuitry coupled to the coil and the computer
subsystem; wherein the instructions, when executed by the processor, cause the medical

device identifier to: sequentially excite the coil via the drive circuitry to generate
electromagnetic waveforms corresponding to a plurality of digitally predefined wavetorms;

receive and digitize via the coil and the receiver circuitry a returned electromagnetic

waveform transmitted from a medical device in response to the electromagnetic wavetorms;

and perform a cross correlation of the digitized returned electromagnetic wave form with at

least one of the plurality of digital templates.

According to yet another aspect of the present invention, there is provided a portal device,

comprising: a device identification subsystem configured to identify, from a plurality of

possible providers, the provider of a medical device that is in proximity to the portal device;

S5a
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and a communication subsystem configured to establish two-way communication over an
electronic link with a call center servicing medical devices from the identified provider;
wherein the portal device is operable to receive electromagnetic signals from the medical
device, to forward to the call center information based on the electromagnetic signals received
from the medical device, to receive communications from the call center carrying information
to be transmitted to the medical device, and to transmit further electromagnetic signals to the

medical device based on the communications received from the call center.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an example use of a medical device identifier according to embodiments of

the invention.
FIG. 2 illustrates a coil arrangement usable in embodiments of the invention.

FIG. 3 shows a simplified block diagram of one example electronic architecture of the

medical device 1dentifier of FIG. 1.
FIGS. 4A and 4B illustrate the usage of a battery in the medical device identifier of FIG. 1.
FIG. 5 shows a hardware implementation of cross correlation.

FIG. 6A illustrates a digital recording of an electromagnetic signal generated by a first

manufacturer's programming device.

FIG. 6B is a graphical illustration of a replication of the wavetorm of FIG. 6A, as emitted by

an embodiment of the invention.

FIG. 6C illustrates a digital recording of an electromagnetic signal returned by a device made

by the first manufacturer when communication 1s successfully initiated.

FIG. 6D 1s a plot of a digital template that may be used to evaluate how closely a signal

returned from an implanted device matches the signal of FIG. 6C.

FIG. 7A illustrates a digital recording of an electromagnetic signal generated by a second

manufacturer's programming device.
5b
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FIG. 7B is a graphical illustration of a replication of the waveform of FIG. 7A, as emitted by

an embodiment of the invention.

Sc
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FIG. 7C 1llustrates a digital recording of an electromagnetic signal returned by a device made by

the second manufacturer when communication 18 successfully initiated.

FIG. 7D 1s a plot of a digital template that may be used to evaluate how closely a signal returned

from an implanted device matches the signal of FIG. 7C.

FIG. 8A 1llustrates a digital recording of an ¢lectromagnetic signal generated by a third

manufacturer’s programming device.

FIG. 8B 1s a graphical 1llustration of a digitization of the waveform of FIG. 8A, as emitted by an

embodiment of the invention.

FIG. &C 1llustrates a digital recording of an electromagnetic signal returned by a device made by

the third manufacturer when communication 1s successfully initiated.

FIG. 8D 1s a plot of a digital template that may be used to evaluate how closely a signal returned

FIG. 9A shows a typical signal cmitted by a pacemaker from a fourth manufacturcr after

communication 1s imitiated by application of a DC magnetic field.

FIG. 9B 15 a plot of a digital template that may be used to evaluate how closely a signal returned

from an implanted device matches the signal of FIG. 9A.

FIG. 10A shows a typical signal emitted by a pacemaker from a fitth manufacturer after

communication is initiated by application of a DC magnetic field.

FIG. 10B 1s a plot of a digital template that may be used to evaluate how closely a signal returned
from implanted device matches the signal of FIG. 10A.

FIG. 11 1s a flowchart of a method that may be used by medical device 1dentifier to detect a

medical device, 1n accordance with embodiments of the mvention.

FIG. 12 1s a flowchart of a method that may be used by medical device identifier to 1dentify a

medical device, 1n accordance with embodiments of the invention.

FIG. 13 shows a simplified block diagram of a portal device in accordance with embodiments of

the 1nvention.

FIGS. 14A and 14B 1llustrate example mechanical architectures for a medical device 1dentifier.
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DETAILED DESCRIPTION OF THE INVENTION
FIG. 1 1illustrates an example use of a medical device 1dentifier 10 according to embodiments of
the invention. Medical device identifier 10 1s shown close to but not necessarily touching the
body of a patient 1 who has in implanted medical device 12. Implanted medical device 12 may
be, for example, a pacemaker that regulates the heart 14 of patient 1. While the invention will be
described primarily in the context of 1dentifying a pacemaker, 1t 1s to be understood that the
invention 18 not so limited, and embodiments may be used to identify other kinds of devices. A
pacemaker 1s typically placed just under the skin. Medical device identifier 10 transmits varying
or stcady signals according to onc or more predetermined protocols, and interprets any
clectromagnetic signals returned from implanted device 12 to identity the implanted device 12.
Because each manufacturer uses a different protocol, the manutacturer of the device can be
uniquely determined from the returned signals. For example, medical device identifier 10 may try
possible manufacturers’ protocols one by one until the implanted medical device responds with a
returned signal. Medical device 1dentifier 10 may then also analyze the returned signal to further

verity the identification.

In some embodiments, medical device 1dentifier 10 does not program or otherwise change the
operation of implanted medical device 12, but simply gathers enough information about the
device, based on the return signals, to 1dentify the manufacturer or other provider of the device.
In other embodiments, more detailed information may be ascertained, such as a model number of
the device or other information. Because no programming 1s performed, there 1s no risk to the

patient.

FIG. 2 1llustrates a coil arrangement usable in embodiments of the invention. A primary coil 16
can be used 1n an active mode to generate electromagnetic signals, or 1n a passive mode to receive

clectromagnetic signals. When a current is passed through coil 16, coil 16 generates a magnetic

currents within coil 16. Information about the magnetic fields can be inferred from the
characteristics of the induced current. Primary coil 16 may be, for example, between 2 and 20 cm
in diameter, and have between 10 and 300 turns of wire, although coils having other sizes and
numbers of turns may be used in some embodiments. In one embodiment, coil 16 has a diameter
of about 6.3 cm, a height of about 1.5 cm, a resistance of 0.1 ohms, and includes 16 turns of 20

gauge wire.
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A secondary coil 18 may be used to generate steady (DC) magnetic fields by passing a DC current
through secondary coil 1§. A ferromagnetic or ferrimagnetic core 19 may be present within
secondary coil 18, to enhance the strength of magnetic fields generated by secondary coil 18.
Secondary coil 18 may have any suitable size, number of turns, and resistance. In one
embodiment, secondary coil 18 has about 291 turns of 25 gauge wire, a diameter of about 6 cm, a
height of about 1.8 cm, and a resistance of about 4.7 ohms. Other coils usable 1n embodiments

include the Ledex Low Profile 1EC 123421-031 and the Ledex Low Profile 2EC 123422-032

available from Johnson Electric of Hong Kong, cach of which has a built-in core. In some

1dentificr 10. A computer subsystem 28 includes a processor 40 and memory 42. Processor 40
may be any suitable microprocessor, microcontroller, digital signal processor, or other circuitry
capable of performing the processor function. Preferably, computer subsystem 28 1s capable of at
least 500 kHz sampling of wavetorms. An example processor usable in embodiments 1s the

LM3S1968 microcontroller available from Texas Instruments Incorporated of Dallas, Texas,

USA.

Memory 42 may include multiple kinds of memory, for example random access memory (RAM),
read only memory (ROM), flash memory, and other kinds of memory, 1n any suitable
combination. For example, memory 42 may include nonvolatile memory such as ROM or flash
memory for storing instructions executed by processor 40 in performing the functions of medical
device identifier 10. A number of digitized waveforms may be stored mn nonvolatile memory, as
1s explained in more detail below. Memory 42 may include RAM used by processor 40 for
temporary variable storage. While only one block 1s indicated for memory 42, different kinds of
memory 42 may reside 1n different locations. For example RAM may be integrated into processor
40. Many diffcrent architectures arc possible. Additional storage 46 may be provided, and may
include removable storage such as a flash memory card for storing information for transfer to

another computer system, allowing for diagnostics, evaluation, and improved operation.

A user interface 44 may be provided for presenting results to a user of medical device 1dentifier
10, for accepting inputs from the user, and other functions. For example, user interface 44 may
include a display such as a liquid crystal display on which results can be presented, and may also
include various switches, buttons, keypads, or other input devices with which the user can direct
the operation of medical device 1dentifier 10. One example of a display usable in embodiments 1s

an ¢zLLCD002 display available from Earth Computer Technologies, Inc. of Costa Mesa,
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Califormia, USA. A touchscreen could be used, providing both display and user input capabilities

in a single device.

A digital-to-analog converter (DAC) 32 1s coupled to processor 40 via an output port 34. DAC 32
converts digital values supplied by processor 40 to analog voltages. Any suitable DAC may be
used, for example a 6-bit converter made using a simple network of resistors. The output of DAC
32 1s provided to drive circuitry, which in turn 18 used to drive primary coil 16 1n its active mode
to generate electromagnetic waveforms. In the example of FIG. 3, the drive circuitry includes a

voltage-to-current amplifier 30.

Coil 16 1s switchable between active and passive modes by enabling and disabling amplifier 30.
Processor 40 provides, via port 38, a digital signal 33 that enables and disables amplifier 30
depending on the true or false state of signal 33. When amplificr 30 18 enabled, 1t drives current
through coi1l 16 1n accordance with the output of DAC 32. When amplifier 30 1s disabled, coil 16

may be used 1n 1ts passive mode.

In the passive mode, coil 16 1s used to sense any electromagnetic signals returned from implanted
medical device 12. As currents are induced n coil 16, a voltage appears on the leads of coil 16,
corresponding to the electromagnetic signal. The leads of coil 16 are connected to recerver
circuitry for reading the voltage signal. In the example of FIG. 3, the recerver circuitry mcludes
an mstrumentation amplifier 22 and filters 24. In one embodiment, instrumentation amplifier 22
1s an INA 111 amplifier available from Texas Instruments Incorporated, and 18 configured with a

gain of 100.

Two different filters 24 may be provided, so that signals having different characteristics can be
accommodated. For example, some implanted devices may emit electromagnetic signals that are
stronger or weaker than those emitted by implanted devices from different manufacturers. The
two filters may be configured with different gains, so that weak signals can be detected using a

detection channel with a higher gain. In one embodiment, both filters 24 are low-pass

with a gain of 10. The two filters 24 may have ditferent frequency cutoft characteristics as well.
Thus, 1n combination with mstrumentation amplifier 22, two reading channels are available,
having gains of 100 and 1000 respectively. Filters 24 may also introduce a voltage oftset, so that
the expected range of voltages sensed from coil 16 does not include negative voltages after the
offset 1s introduced. In one embodiment, an oftset of 1.5 volts 1s used. Other embodiments may

use different gains, offsets, or filter types than these examples.
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The receiver circuitry may also include an analog-to-digital converter (ADC) 26. In the example
of FIG. 3, the outputs of filters 24 are provided to ADC 26, which converts the voltages to digital
values. Processor 40 can thus obtain a digital number representing the voltage delivered to ADC
26 by cither of filters 24. It 1s also possible for processor 40 to sense both channels. Any suitable
ADC may be used. One example of an ADC suitable for use 1n embodiments 1s a model

LM3S1968 10-bit ADC available from Texas Instruments Incorporated.

A high current switch 36 1s also provided, for driving secondary coil 18. Switch 36 1s also
controlled by processor 40 through port 38. One example of a device from which a suitable

switch may be constructed is the widely-available STD12NF06 MOSFET. Processor 40 can thus

It 15 also possible to generate a DC magnetic field by driving DC current through primary coil 16.

Medical device identifier 10 may include a battery (not shown 1n FIG. 3), for convenient
operation without being connected to mains power. In some embodiments, medical device
identifier may be configured so that 1t will not operate while connected to the mains for safety
reasons. FIG. 4A shows the system while battery 52 1s being charged by a charging circuit 50.
During charging mode, charging circuit 50 1s plugged mto an AC outlet 48 and medical device
1dentifier 10 1s off. In run mode, as shown 1n FIG. 4B, the electronics 54 of medical device
identifier 10 are powered by battery 52, and the unit 18 not plugged into the AC outlet, so that
medical device 1dentifier 10 18 handheld and portable.

Any suitable battery arrangement may be used. On example arrangement uses two Tenergy
31003 Lithium Li-Ion 18650 7.4V 2200mAh battery packs to create a +7.4 V and -7.4 V supply.
A third Lithium-Ion 3.7 V battery can be used to run the microcontroller 1n sleep mode allowing 1t
to maintain time and date. Linear regulators produce the +5 V needed for the display and the 3.3

V needed for the microcontroller.

In operation, medical device 1dentifier 10 generates electromagnetic signals that mimic those sent

any signals rcturned from implanted medical device 12. The returned signals may be tested to sce
1f they match signals known to be transmitted by a manufacturer’s device, and the device may be
1dentification may be based on which manufacturer’s known signals match most closely with the

signals returned from the device.

FIG. 6A 1llustrates a digital recording of an electromagnetic signal generated by a first

manutacturer’s (Manufacturer A) programming device when 1t 1s initiating communication with

an 1mplanted medical device from Manufacturer A. The waveform of FIG. 6A has a particular
10



CA 02878373 2015-01-02

WO 2014/014864 PCT/US2013/050604

pattern and amplitude unique to Manufacturer A. Medical device 1dentifier 10 stores a digital
representation of this waveform for use 1n attempting to interact with devices from Manufacturer
A. This digital representation may be called a digitized waveform, and 1s a sequence of numerical
values representing the waveform amplitude at respective sample times. Other digitized

5  waveforms are also stored, which are representations of the signals used by other manufacturers’

programmers to initiate communication with their respective devices.

To generate the electromagnetic signals replicating the waveform of FIG. 6A, processor 40
retrieves the corresponding digitized waveform from memory and provides the numerical values
in order and with the proper timing to DAC 32, with amplifier 30 enabled so that coil 16 1s 1n 1ts
10  active mode. Coil 16 thus produccs clectromagnetic signals very similar to those produced by the
Manufacturcr A’s programming device. FIG. 6B shows a recording of an clectromagnetic signal

ogenerated 1n this way by an embodiment of the invention, replicating the signal of FIG. 6A.

To recerve a signal returned from 1implanted medical device 12, processor 40 switches coil 16 1into

15  Readings are taken rapidly enough to characterize the expected signals. It i1s believed that any
sampling rate of 350 kHz or higher 1s sufficient for all current pacemakers, and the data in many
of the figures was taken with a sampling rate of 497.777 kHz, but any workable sampling rate

may be used.

FIG. 6C 1illustrates a digital recording of an electromagnetic signal returned by a device made by
20  Manufacturer A, when communication 18 successfully mitiated. FIG. 6D 1s a plot of a digital
“template” that may be used to evaluate how closely a signal returned from implanted device 12
matches the signal of FIG. 6C — that 1s, how well the returned signal matches a signal returned
from a device made by Manufacturer A. The template 18 a sequence of numerical values that
when plotted have the same shape as the curve of FIG. 6C. The template of FIG. 6D has 64

25  valucs, but other template sizes can be used.

from a particular manufacturcr 18 made using cross corrclation. The fundamental advantage of
cross correlation over other methods like feature extraction 1s 1ts imnsensitivity to noise. For

continuous real variables, the cross correlation 1s defined as

30 r(0)=lim,__—[ x()y(t+7)dt

TTTar dr
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where x(z) and y(?) are two infinite-time mput waveforms. If the signal x(z) 1s the same shape as
the signal y(z) delayed by 7, the ry,(7) will be high. In theory, the calculation 1s performed over
infinite time 7, but in practice a finite time 1s used. FIG. 5 shows a hardware implementation of
the cross corrclation. The signal x(7) 1s a known signal, called a template 56. Templates are

defined 1in advance and stored in the machine. The signal y(z) 1s the obscrved or measured signal
58. This 1s the signal measured at the time of the test. The y(z) input is delayed by 760 using a
time delay function 62. A multiplier 64 creates a product, which 1s then integrated 66. The #(7)
output 60 will be +1 1f the two mput signals have the same shape. The 7at which the output 1s +1
specifies where 1n the y(z) signal matches the shape of the template x(z). The r(z) output will be 0
if the two input signals do not have the same shape, and will be -1 if the signals have the same but

inverted shapes.

Inherent 1n the application of cross correlation in computer based systems 1s the need to operate
on finite sequences. Also the continuous signal x(z) 1s sampled at fixed time intervals x(z). In one
embodiment, sampling 1s performed at 497.777 kHz, but the method works for any suitable
sampling rate. Figure 6D shows an ¢cxample template x(n) for determining whether or not a
particular medical device from Manufacturer A 1s communicating. The size of the templates can
be varied depending on the shape medical device 1dentifier 10 1s trying to detect. It 1s desirable to
capture a reasonable window, because the data 1s actually considered as an infinite periodic signal.

In other words, 1t we process the finite sequence
x(0), x(1), x(2), ... x(N-1)
then the cross correlation will effectively be determined for the infinite sequence
., X(0), x(1), x(2), ... x(N-1), x(0), x(1), x(2), ... x(N-1), x(0), x(1), x(2), ... x(N-1), ...

To calculate the cross correlation on digitally-sampled data, average values are first calculated.

Assume x(n) and y(n) are the sampled data, and N 1s the sequence length.

n=N-1 n=N-1

— 1 — 1
== ) y=—2 v

The discrete cross covariance 1S a rough measure (not scaled to any particular value) of whether or

continuous case, 1s shown as m 1n the following definition of discrete cross covariance:

n=N-—

v, (m)=>"""" (x(n) = x)(y(n+m) - y)

12
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The discrete cross covariance 18 also a finite-length sequence, but it too can be considered as an
infinite periodic sequence. The cross covarlance of a signal with 1tself at delay equal to zero 18

similar to i1ts variance

n=N- n=N-1

7. (0)=>""" (x(n) - x)’ 7, (00=>"""(3(n)-y)’

The discrete cross correlation between two finite sequences x(xr) and y(n) 1s

1000- ¥ (m)
r,(m)= "
| V7 (0)7,,(0)

Without the 1000 1n the above equation, the correlation ranges from -1 to +1. The 1000 1s
included so that ry, will be the integer part of a fixed point number, ranging from -1000 to +1000.

For example, if ry, 15 950, 1t means 0.950. The higher the cross correlation value, the better the

match between the template and the signal being evaluated.

The medical devices of one manufacturer communicate differently from the devices of the other
manufacturers. However, there are similarities the protocols that make it possible to create
medical device identifier 10. The communication begins by emitting a magnetic ficld into the
device. Some protocols use a DC magnetic field to initiate communication, while others use a
time-varying magnetic field. These protocols are very specific. For example, an attempt to
communicate via the protocol of one manufacturer will typically not prompt communication from
devices that are not manufactured by the same manufacturer. When an appropriate signal 1s

received by the device, 1t returns another electromagnetic signal.

FIG. 7A 1illustrates a digital recording of an ¢lectromagnetic signal generated by a second

manufacturer’s (Manufacturer B) programming device when it 18 initiating communication with

FIG. 7A. FIG. 7C illustrates a digital recording of an electromagnetic signal returned by a device
made by Manufacturer B, when communication is successfully initiated. FIG. 7D 1s a plot of a
digital template that may be used to evaluate how closely a signal returned from implanted device
12 matches the signal of FIG. 7C — that is, how well the returned signal matches a signal returned

from a device made by Manufacturer B. The example template of FIG. 7D has 247 elements.

FIG. 8A 1illustrates a digital recording of an electromagnetic signal generated by a third
manufacturer’s (Manufacturer C) programming device when it 1s iitiating communication with

an 1implanted medical device from Manufacturer C. FIG. 8B shows a recording of an

13
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clectromagnetic signal generated by an embodiment of the invention, replicating the signal of

FIG. 8A. FIG. 8C 1llustrates a digital recording of an electromagnetic signal returned by a device
made by Manufacturer C, when communication 1s successfully established. FIG. 8D 1s a plot of a
digital template that may be used to evaluate how closely a signal returned from implanted device
12 matches the signal of FIG. 8C — that is, how well the returned signal matches a signal returned

from a device made by Manufacturer C. The example template of FIG. 8D has 26 clements.

Devices from some manufacturers respond to simple DC magnetic fields to initiate
communication. FIG. 9A shows a typical signal emitted by a pacemaker from a fourth
manufacturer (Manufacturer D) after communication is mnitiated by application of a DC magnetic
ficld. FIG. 9B 1s a plot of a digital tcmplate that may be used to cvaluate how closcly a signal
rcturncd from implanted device 12 matches the signal of FIG. 9A — that 1s, how well the returned

signal matches a signal returned from a device made by Manufacturer D. The example template

of FIG. 9B has 64 clements.

FIG. 10A shows a typical signal emitted by a pacemaker from a fifth manufacturer (Manufacturer
E) after communication is initiated by application of a DC magnetic ficld. FIG. 10B is a plot of a
digital template that may be used to evaluate how closely a signal returned from implanted device
12 matches the signal of FIG. 10A — that 1s, how well the returned signal matches a signal
returned from a device made by Manufacturer E. The example template of FIG. 10B has 64

elements.

While relatively short wavetorms are shown in FIGS. 6A-10B, communication with various
implanted devices may involve sending the appropriate signal repeatedly, with time delays
between repetitions of the signal or groups of repetitions. Similarly, the device may respond with
repeated transmissions of its returned waveform. These patterns can be readily determined for

any particular device and manufacturer by recording the signals exchanged by the manufacturer’s

medical device, 1n accordance with ecmbodiments of the invention. In this example, cach device
has five characteristics used for detection 70. For some devices, an activation sequence 18 used, 1n
which one of the stored digitized wavetorms 1s output to DAC 32 to mitiate communication 72.
FIGS. 6B, 7B, and 8B 1llustrate example wavetorms generated by an embodiment of the
invention. The activation sequence also includes the time period between DAC outputs. The
sequence, the length of the sequence, and the time between outputs are unique to each

manufacturer type. After sending an activation sequence, the software delays for a certain amount
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of time 74. This delay depends on which manufacturer type it 1s trying to detect. Next, the
software sets the amplifier gain, cutoff, sampling rate and sample length 76. Again these sampling
parameters depend on the device. The primary coil 1s set to passive mode and A samples are
collected 78. N 1s the size of the template, and M will be much larger than N. For cach time shift
m, a cross correlation 1s calculated 80 as described above. Cross correlation 1s very robust such
that broad band noise will not trigger a false detection. Cross correlation is calculated M-N times,

and the largest result 1s returned.

One by one the medical device 1dentifier attempts to communicate with the list of potential
devices as described 1 FIG. 12. A device 1s found if the detection algorithm in FIG. 11 returns a
high correlation 1 one, and low correlations in the others. The pacemaker manufacturer may then
be displayed on user interface 44. Depending on the number of potential devices scarched, the
entire process may take only a few seconds. The devices that initiate communication upon receipt
of a time-varying activation sequence are interrogated first, because the mitiation process and the
response are both specific to the manufacturer. Second, the DC magnetic field 1s applied, and all
the devices that initiate communication with a DC magnetic field are searched using the same

recorded ADC samples y(n).

It will be recognized that medical device 1dentifier 10 need not interpret or recognize any content
in the signal bemg received from a medical device 1n order to identify the device. Medical device
identifier need only associate some unique feature of the returned signal with a particular device

manuftacturer.

Many variations and optional features are possible. For example, measured responses and
calculated correlation coefficients can be recorded in storage 46. Possibilities for this storage
include but are not limited to internal flash EEPROM of the microcontroller or an external secure
digital card (SDC). The time and date can be entered when the batteries are installed into medical
device 1identifier 10. In sleep mode, the medical device identifier 10 may maintain the time and
datc. Mcdical personal can retricve this data along with time and date, and this data can be uscd to

improve the accuracy of the device.

In some embodiments, rather than requiring one correlation to be high and the remaining

correlations low, the MDI could simply report the device with the highest correlation.

For each particular region of the world, probabilities may be known a prior1 of finding the devices
of cach manufacturer. These a prior1 expectations could be used as weighting factors when the

medical device identifier 1s choosing between two or more potential matches.
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A medical device 1dentifier according to embodiments may be easily adaptable to future medical
devices that use magnetic fields to communicate. To identify a new device, the medical device
identifier would be supplied with a digitized waveform of the magnetic field needed to initiate
communication, and with programming to detect aspects of any returned signal, for example the
signal shape, amplitude, or frequency components. Other than a simple software upgrade,

additional devices can be added without major design changes.

In other embodiments, a medical device identifier may identify medical devices that use means

other than magnetic fields to communicate, For example, future medical devices may

™ ™M
communicate using channels such as RF radio, ZigBee, Texas Instruments SimpliciTl, Bluetootht,M

T™
and IEEE 802.11. A medical device identifier would include circuitry for communicating on the
channel used by the medical devices to be identified, and would be provided with any field
generation information needed to initiate communication. The responses from the device to be

identified would be analyzed, and an identification made based on the results.

While cross correlation has certain advantages as a method of recognizing a returned waveform, a

number of methods are possible for determining whether or not a certain event has occurred. The

" medical device identifier could perform a discrete Fourier Transform (DFT) and look for specific

frequencies emitted by the device. For example, the fundamental frequency emitted by
Manufacturer D pacemakers is 175 kHz. Frequencies used by other devices are listed in Table 1.

Pacemaker | Frequency
Manufacturer D 1 175kHz

Manufacturer C
Manufocturer A | 64kHz

Manufacturer B . _ 58 kHz

Table 1. Carrier frequencies used by the major pacemaker companies

Another method to determine whether or not an event has occurred is feature extraction. Features
mclude but are not limited to time between pulses, the width of a pulse, the area of a pulse, the
energy of a pulse, and the direction of a pulse. Another feature existing in these waves is phase
shifts and the time between phase shifts.

In some embodiments, a medical device identifier may be attached to or built into an existing
pacemaker programmer to determine if the programmer is being used on the correct pacemaker. If

not correct, our device could alert the operator which programmer should be used.

In another aspect, a medical device identifier such as medical device identifier 10 may be a
component of a universal programmer or portal device. FIG. 13 shows a simplified block

diagram of a portal device 130 in accordance with embodiments of the invention.
16
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In the system of FIG. 13, the block 86 1s part of an identification subsystem that 1s configured to
identify, from a plurality of possible providers, the provider of a medical device that 18 in
proximity to portal device 130. For the purposes of this disclosure, for a device to be
“configured” to accomplish a result or perform a step or function means that the device includes
an arrangement of hardware, programming, or both, that causes the result to occur or the step or
function to be performed. The identification subsystem may operate in any workable manner, for
cexample as described above with respect to the system of FIG. 3. In such an embodiment, portal

device 130 may emit an electromagnetic signal using coil 16, and receive a returned

clectromagnetic signal may be digitized, and the portal device may then 1dentify the medical

device manufacturer or other provider based on the digitized returned wavetorm.

Portal device 130 also includes a communications subsystem 90, through which portal device 130
can establish two-way communication over an electronic link 92 with any of a plurality of call
centers 94a-94e. Call centers 94a-94e are operated by respective medical device providers, for
example Manutfacturers A-E as discussed above. Electronic link 92 may be any suitable
communication channel, for example a telephone or Internet channel, and may utilize any

workable protocol, such as but not limited to TCP/IP.

Once the 1dentification subsystem has 1dentified the provider of the medical device, 1t establishes
communication over link 92 with the corresponding provider’s call center. Portal device 130 can
then act as a relay device, relaying information receirved from the medical device to the
appropriate call center, and relaying information from the call center to the medical device. For
example, portal device 130 may include a number of translation modules 88a-88¢, for interpreting
clectromagnetic signals received from the medical device and converting them to information to

be transmitted to the appropriate call center, and for converting information receirved from the call

modulcs 88a-88c may be, for cxample, softwarc or firmware librarics provided by the medical
device manufacturers, to be executed by a processor within portal device 130. In this way, the
maker of portal device 130 does not need to know the meanings of waveforms exchanged with the
medical device. Rather, portal device 130 may merely blindly convert and forward information
from the appropriate call center to the medical device and wavetorms received from the medical
device to the appropriate call center, without knowledge of the communication protocols used by
the various medical device providers. Personnel at the appropriate call center can then interact
directly with the implanted device, reading information from it, or in cooperation with the

attending physician may even reprogram the device from their remote location. This arrangement
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may eliminate the need for a medical device manufacturer to provide a network of service
personnel, and may enable manufacturers to enter markets that have been previously

uneconomical.

FIGS. 14A and 14B 1llustrates example mechanical architectures for a medical device 1dentifier
10. In the embodiment of FIG. 14A, example medical device identifier 10 includes a housing 96
and a printed circuit board 98 within housing 96 carrying control electronics 100. Control
clectronics 100 may implement a circuit like that shown schematically in FIG. 3. User interface
44 includes a display 102 and various buttons or other input devices 104. Coils 16 and 18 are

positioned away from printed circuit board 98, so as to avoid interference with the operation of

printed circuit board 98 via a cable 106. In the embodiment of FIG. 14B, coils 16 and 18 arc

mounted m portion 108 that extends from housing 96.

Embodiments of the invention have now been described in detail for the purposes of clarity and
understanding. However, those skilled in the art will appreciate that certain changes and
modifications may be practiced within the scope of the appended claims. It 1s to be understood
that all workable combinations of the features and elements disclosed herein are also considered

to be disclosed.

EMBODIMENTS
Embodiment 1. A medical device identifier, comprising: a coil; a computer subsystem
comprising a processor and memory, the memory holding mstructions executable by the processor
and also holding a plurality of digitized waveforms; a digital-to-analog converter coupled to the
processor; drive circuitry coupled to the coil and the digital-to-analog converter; and receiver
circultry coupled to the coil and the computer subsystem; wherein the instructions, when executed
by the processor, cause the medical device identifier to: sequentially excite the coil, via the
digital-to-analog converter and the drive circuitry, to generate electromagnetic wavetforms
corresponding to onc or more of the digitized waveforms; receive and digitize, via the coll and the
recerver circuitry, a returned electromagnetic waveform transmitted from a medical device in
response to the electromagnetic waveforms generated by the medical device 1dentitier; and

1dentify the medical device based on the digitized returned electromagnetic waveform.

Embodiment 2. The medical device identitier of embodiment 1, wherein the memory further
holds a plurality of digital templates corresponding to different medical devices, and wherein the

instructions, when executed by the processor, cause the medical device identitfier to 1dentity the
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medical device based on a comparison of the digitized returned electromagnetic waveform with

the plurality of digital templates.

Embodiment 3. The medical device identifier of any one of the embodiments 1 and 2, wherein
the comparison of the digitized returned electromagnetic waveform with a respective one of the
digital templates comprises a cross-correlation of the digitized returned electromagnetic waveform

with the respective digital template.

Embodiment 4. The medical device 1dentifier of any one of the embodiments 1-3, wherein the
instructions, when executed by the processor, cause the medical device identifier to: compare the
digitized returned electromagnetic waveform with at least two of the plurality of digital templates;
and 1dentify the medical device based on the template best matching the digitized returned

clectromagnetic wavetorm.

Embodiment 5. The medical device identifier of any one of the embodiments 1-4, wherein the
medical device 1dentifier further produces a constant magnetic ficld to attempt to prompt a

response from the medical device.

Embodiment 6. The medical device identifier of any one of the embodiments 1-5, wherein the
instructions, when executed by the processor, cause the medical device identifier to, for each
respective electromagnetic waveform generated, place the coil in a receive mode and digitize the
output of the coil, wherein for a particular one of the generated electromagnetic waveforms the

digitized output of the coil 1s the digitized returned electromagnetic waveform.

Embodiment 7. A medical device identifier, comprising: a coil; a computer subsystem
comprising a processor and memory, the memory holding mstructions executable by the processor
and holding a plurality of digital templates corresponding to different medical devices; drive
circultry coupled to the coil and the computer subsystem; and receiver circuitry coupled to the coil
and the computer subsystem; wherein the instructions, when executed by the processor, cause the
medical device identifier to: sequentially excite the coil via the drive circuitry to generate

clectromagnetic waveforms corresponding to a plurality of digitally predefined waveforms;

transmitted from a medical device 1n response to the electromagnetic wavetorms; and perform a
cross correlation of the digitized returned electromagnetic wave form with at least one of the

plurality of digital templates.

Embodiment 8. The medical device identitier of embodiment 7, wherein the instructions, when

executed by the processor, cause the medical device identifier to: perform a cross correlation of
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the digitized electromagnetic wave form with each of at least two of the templates; and 1dentity
the medical device based on the template best matching the digitized returned electromagnetic

waveform as determined by the cross correlations.

Embodiment 9. The medical device identifier of any one of the embodiments 7 and 8, wherein
the mstructions, when executed by the processor, cause the medical device i1dentifier to, for ecach
respective electromagnetic waveform generated, place the coil 1n a receive mode and digitize the
output of the coil, wherein for a particular one of the generated electromagnetic waveforms the

digitized output of the coil is the digitized returned electromagnetic waveform.

Embodiment 10. A medical device 1dentifier, comprising: a housing; a printed circuit board
within the housing; control electronics mounted on the printed circuit board; and a coil positioned
away from the printed circuit board and coupled to the printed circuit board for gencrating a
sequence of electromagnetic wavetforms to prompt a return signal from a medical device; wherein

the control electronics 1dentifies the medical device based on the return signal.

Embodiment 11. The medical device identifier of embodiment 10, wherein the coil 1s coupled to

the printed circuit board via a cable.

Embodiment 12. The medical device identifier of embodiment 10, wherein the coil 1s mounted 1n

a portion that extends from the housing.

Embodiment 13. The medical device identifier of any of the embodiments 10-12, wherein the
control electronics further comprise: a computer subsystem comprising a processor and memory,
the memory holding instructions executable by the processor and holding a plurality of digital
templates corresponding to different medical devices; drive circuitry coupled to the coil and the
computer subsystem; and receiver circuitry coupled to the coil and the computer subsystem;
wherein the instructions, when executed by the processor, cause the medical device identifier to:
sequentially excite the coil via the drive circuitry to generate electromagnetic waveforms
corresponding to a plurality of digitally predefined waveforms; receive and digitize via the coil

and the receiver circultry a returned electromagnetic waveform transmitted from a medical device

returned electromagnetic wave form with at least one of the plurality of digital templates.

Embodiment 14. The medical device identificr of any of the embodiments 10-13, wherein the
instructions, when executed by the processor, cause the medical device identifier to: perform a

cross correlation of the digitized electromagnetic wave form with each of at least two of the
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templates; and 1dentify the medical device based on the template best matching the digitized

returned electromagnetic waveform as determined by the cross correlations.

Embodiment 15. The medical device identifier of any of the embodiments 10-14, wherein the
control electronics further comprise a digital-to-analog converter, and wherein the generated
clectromagnetic waveforms are generated 1n part by supplying the digitally predefined waveforms

to the digital-to-analog converter.

Embodiment 16. A portal device, comprising: a device identification subsystem configured to
identify, from a plurality of possible providers, the provider of a medical device that 1s 1n
proximity to the portal device; and a communication subsystem configured to establish two-way
communication over an electronic link with a call center servicing medical devices from the
identificd provider; wherein the portal device 1s operable to receive clectromagnetic signals from
the medical device, to forward to the call center information based on the electromagnetic signals
recerved from the medical device, to receive communications from the call center carrying

information to be transmitted to the medical device, and to transmit further electromagnetic

signals to the medical device based on the communications received trom the call center.

Embodiment 17. The portal device of embodiment 16, turther comprising a plurality of

translation modules corresponding respectively to the plurality of possible providers.

Embodiment 18. The portal device of embodiment 17, wherein each translation module is

provided by its respective one of the plurality of possible providers.

Embodiment 19. The portal device of any of the embodiments 16-18, wherein the device
1dentification subsystem further comprises: a coil; a computer subsystem comprising a processor
and memory, the memory holding instructions executable by the processor and holding a plurality
of digital templates corresponding to different medical devices; drive circuitry coupled to the coil
and the computer subsystem; and receiver circuitry coupled to the coil and the computer
subsystem; wherein the instructions, when executed by the processor, cause the medical device

identifier to: sequentially excite the coil via the drive circuitry to generate eclectromagnetic

via the coil and the receiver circuitry a returned electromagnetic waveform transmitted from a
medical device 1in response to the electromagnetic wavetorms; and 1dentity the provider of the
medical device based on a comparison of the returned electromagnetic waveform with at least one

of the plurality of digital templates.
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Embodiment 20. The portal device of any of the embodiments 16-19, wherein the device
1identification subsystem further comprises a digital-to-analog converter, and wherein the
generated electromagnetic waveforms are generated in part by supplying the digitally predefined

waveforms to the digital-to-analog converter.
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CLAIMS:

1. A medical device identifier, comprising:
a coil;

a computer subsystem comprising a processor and memory, the memory holding

instructions executable by the processor and also holding a plurality of digitized waveforms;
a digital-to-analog converter coupled to the processor;
drive circuitry coupled to the coil and the digital-to-analog converter; and
recelver circuitry coupled to the coil and the computer subsystem;

wherein the instructions, when executed by the processor, cause the medical device

1dentifier to:

sequentially excite the coil, via the digital-to-analog converter and the drive

circullry, to generate electromagnetic waveforms corresponding to one or more of the

digitized wavetorms;

receive and digitize, via the coil and the receiver circuitry, a returned

electromagnetic waveform transmitted from a medical device in response to the

electromagnetic waveforms generated by the medical device identifier; and

identify the medical device based on the digitized returned electromagnetic
wavetorm, wherein the memory further holds a plurality of digital templates corresponding to
ditferent medical devices, and wherein the instructions, when executed by the processor,

cause the medical device identifier to identify the medical device based on a comparison of

the digitized returned electromagnetic waveform with the plurality of digital templates.

2. The medical device identifier of claim 1, wherein the comparison of the digitized

returned electromagnetic waveform with a respective one of the digital templates comprises a
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cross-correlation of the digitized returned electromagnetic waveform with the respective

digital template.

3. The medical device 1dentifier of claim 1, wherein the instructions, when executed
by the processor, cause the medical device identifier to, for each respective electromagnetic
5 waveform generated, place the coil in a receive mode and digitize an output of the coil,

wherein for a particular one of the generated electromagnetic waveforms the digitized output

of the coil 1s the digitized returned electromagnetic waveform.

4. The medical device 1dentifier of claim 1, wherein the instructions, when executed

by the processor, cause the medical device identifier to:

10 compare the digitized returned electromagnetic waveform with at least two of the

plurality of digital templates; and

1dentify the medical device based on the template best matching the digitized

returned electromagnetic waveform.

5. The medical device 1dentifier of claim 4, wherein the medical device identifier
15 turther produces a constant magnetic field to attempt to prompt a response from the medical

device.
6. A medical device identifier, comprising:
a coil:

a computer subsystem comprising a processor and memory, the memory holding
20  1nstructions executable by the processor and holding a plurality of digital templates

corresponding to different medical devices;
drive circuitry coupled to the coil and the computer subsystem; and

receiver circuitry coupled to the coil and the computer subsystem;
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CA 2878373 2018-08-01




10

15

20

81784993

wherein the instructions, when executed by the processor, cause the medical device

identifier to:

sequentially excite the coil via the drive circuitry to generate electromagnetic

wavetorms corresponding to a plurality of digitally predefined wavetorms;

receive and digitize via the coil and the receiver circuitry a returned electromagnetic

waveform transmitted from a medical device in response to the electromagnetic waveforms;

and

perform a cross correlation of the digitized returned electromagnetic wave form

with at least one of the plurality of digital templates.

7. The medical device i1dentifier of claim 6, wherein the instructions, when executed

by the processor, cause the medical device identifier to:

perform a cross correlation of the digitized returned electromagnetic waveform with

each of at least two of the plurality of digital templates; and

1dentity the medical device based on the template best matching the digitized

returned electromagnetic waveform as determined by the cross correlations.

8. The medical device identifier of claim 6, wherein the instructions, when executed
by the processor, cause the medical device identifier to, for each respective electromagnetic
waveform generated, place the coil in a receive mode and digitize an output of the coil,
wherein for a particular one of the generated electromagnetic waveforms the digitized output

of the cotl 1s the digitized returned electromagnetic waveform.
9. A medical device identifier, comprising:

a housing;

a printed circuit board within the housing;

control electronics mounted on the printed circuit board; and
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a coll positioned away from the printed circuit board and coupled to the printed

circuit board for generating a sequence of electromagnetic waveforms to prompt a return

signal from a medical device;

wherein the control electronics identifies the medical device based on the return

signal, and wherein the control electronics further comprise:

a computer subsystem comprising a processor and memory, the memory holding
instructions executable by the processor and holding a plurality of digital templates

corresponding to different medical devices;
drive circuitry coupled to the coil and the computer subsystem; and
recelver circuitry coupled to the coil and the computer subsystem;

wherein the instructions, when executed by the processor, cause the medical device

identifier to:

sequentially excite the coil via the drive circuitry to generate electromagnetic

wavetorms corresponding to a plurality of digitally predefined waveforms;

receive and digitize via the coil and the receiver circuitry a returned electromagnetic

wavetorm transmitted from a medical device in response to the electromagnetic waveforms;

and

perform a cross correlation of the digitized returned electromagnetic wave form

with at least one of the plurality of digital templates.

10. The medical device identifier of claim 9, wherein the coil is coupled to the printed

circuit board via a cable.

11, The medical device identifier of claim 9, wherein the coil is mounted in a portion

that extends from the housing.
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12. The medical device identifier of claim 9, wherein the instructions, when executed

by the processor, cause the medical device 1dentifier to:

perform a cross correlation of the digitized returned electromagnetic waveform with

each of at least two of the plurality of digital templates; and

identify the medical device based on the template best matching the digitized

returned electromagnetic waveform as determined by the cross correlations.

13. The medical device identifier of claim 9, wherein the control electronics further
comprise a digital-to-analog converter, and wherein the generated electromagnetic waveforms
are generated 1n part by supplying the digitally predefined waveforms to the digital-to-analog

converter.
14. A portal device, comprising:

a device identification subsystem configured to identify, from a plurality of possible

providers, the provider of a medical device that is in proximity to the portal device; and

a communication subsystem configured to establish two-way communication over

an electronic link with a call center servicing medical devices from the identified provider;

wherein the portal device is operable to receive electromagnetic signals from the
medical device, to forward to the call center information based on the electromagnetic signals
received from the medical device, to receive communications from the call center carrying
information to be transmitted to the medical device, and to transmit further electromagnetic

signals to the medical device based on the communications received from the call center.

15. T'he portal device of claim 14, further comprising a plurality of translation modules

corresponding respectively to the plurality of possible providers.

16. T'he portal device of claim 15, wherein each translation module is provided by its

respective one of the plurality of possible providers.
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17. The portal device of claim 14, wherein the device identification subsystem further

comprises:
a coil;

a computer subsystem comprising a processor and memory, the memory holding
O 1Instructions executable by the processor and holding a plurality of digital templates

corresponding to ditferent medical devices;

drive circuitry coupled to the coil and the computer subsystem; and
receiver circuitry coupled to the coil and the computer subsystem;

wherein the instructions, when executed by the processor, cause the medical device

10 identifier to:

sequentially excite the coil via the drive circuitry to generate electromagnetic

waveforms corresponding to a plurality of digitally predefined waveforms;

receive and digitize via the coil and the receiver circuitry a returned electromagnetic
waveform transmitted from a medical device in response to the electromagnetic waveforms to

15 produce a digitized returned electromagnetic waveform; and

identity the provider of the medical device based on a comparison of the digitized

returned electromagnetic waveform with at least one of the plurality of digital templates.

18. The portal device of claim 17, wherein the device identification subsystem further
comprises a digital-to-analog converter, and wherein the generated electromagnetic
20 waveforms are generated in part by supplying the digitally predefined waveforms to the

digital-to-analog converter.
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