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Description

BACKGROUND OF THE INVENTION

[0001] Implantable medical devices are increasingly common. For example, many people now have implanted pace-
makers, 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.
[0002] Typically, the programmer emits an electromagnetic signal that is 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 is used to signal
the implanted device to communicate. There are a number of manufacturers of implantable medical devices. For example,
there are currently five manufacturers of implantable cardiac pacemakers. Each manufacturer uses a different protocol
for communicating with its device, and therefore a programmer from one manufacturer cannot be used to communicate
with an implanted device from another manufacturer.
[0003] 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 it 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 is identified, it 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 be identified. However, this process also takes
considerable time, and may delay treatment to the detriment of the patient.
[0004] 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 issues. 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 is misidentified,
the wrong manufacturer’s representative is called, resulting in additional delay while the correct manufacturer’s repre-
sentative is called.
[0005] The cost of providing a network of on-call representatives is burdensome on the device manufacturers, and
may deter manufacturers from entering new markets, especially markets having sparse populations.
[0006] WO2005/053786 discloses a programmer for communication with different medical devices that utilize different
telemetry communication techniques. The programmer receives telemetry signals from a given medical device, and
selects an appropriate communication mode, which can be preprogrammed into the programmer as one of a plurality
of possible communication modes. The programmer can configure itself for communication with a given medical device
based on the telemetry signal it receives.
[0007] WO2004/030757 discloses a programmer for communication with different medical devices that utilize different
telemetry communication techniques. The programmer receives telemetry signals from a given medical device, and
selects an appropriate communication mode, which can be preprogrammed into the programmer as one of a plurality
of possible communication modes. The programmer can configure itself for communication with a given medical device
based on the telemetry signal it receives.
[0008] US2012/116476 discloses external control devices, neurostimulation systems, and programming methods. A
neurostimulator includes a feature having a numerical range. Information identifying a type of the neurostimulator is
transmitted to an external control device. The external control device receives the information from the neurostimulator,
identifies the type of the neurostimulator based on the received information, and programs the neurostimulator in ac-
cordance with the numerical range of the feature corresponding to the identified type of the neurostimulator.
[0009] WO03/095024 discloses a medical information communication system is described that facilitates seamless
communication between a remote system and one or more medical devices implanted within a body of a patient. A
general interface unit (GIU) located near the patient senses and automatically establishes channels for communicating
with the remote system as the patient travels from location to location. The GIU may receive physiological data from a
medical device implanted within a body of a patient, select one or more of the communication channels based on a
variety of criteria, and automatically communicate the physiological data to the remote system via the selected commu-
nication channel.
[0010] WO2010/062988 discloses a system may include an active implantable medical device implantable in a body
of a patient and a patient programmer for the AIMD. The patient programmer may be configured to obtain magnetic
resonance imaging (MRI) compatibility information regarding compatibility of the AIMD with an MRI modality.
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BRIEF SUMMARY OF THE INVENTION

[0011] According to one aspect, a medical device identifier includes a coil and a computer subsystem. The computer
subsystem includes a processor and memory, the memory holding instructions executable by the processor and also
holding a plurality of digitized waveforms. The medical device identifier 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 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. The medical device identifier also
receives and digitizes, 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 identifies
the medical device based on the digitized returned electromagnetic waveform. In some embodiments, the memory
further holds a plurality of digital templates corresponding to different medical devices, and 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. 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 waveform with the respective digital template. In some embodiments, 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 identify 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 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 is the digitized returned electromagnetic wave-
form.
[0012] According to another aspect, a medical device identifier includes a coil and a computer subsystem. The computer
subsystem further includes a processor and memory, the memory holding instructions executable 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 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, and perform a cross cor-
relation 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 identifier to perform a cross
correlation of the digitized electromagnetic wave form with each of at least two of the templates, and identify the medical
device based on the template best matching the digitized returned electromagnetic waveform as determined by the
cross correlations. In some embodiments, 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 is the digitized returned electromagnetic waveform.
[0013] 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 is 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 identifies 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 in a portion that extends from
the housing. In some embodiments, the control electronics further comprise a computer subsystem comprising a proc-
essor 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
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. In some embodiments, 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 templates, and identify 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
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digital-to-analog converter, and the generated electromagnetic waveforms are generated in part by supplying the digitally
predefined waveforms to the digital-to-analog converter.
[0014] According to another aspect, a portal device, includes 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. 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. In some embodiments, the portal device further includes a plurality of translation modules corre-
sponding respectively to the plurality of possible providers. In some embodiments, each translation module is provided
by its respective one of the plurality of possible providers. In some embodiments, the device identification 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 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; 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 identification subsystem further comprises a digital-to-analog converter,
and wherein the generated electromagnetic waveforms are generated in part by supplying the digitally predefined wave-
forms to the digital-to-analog converter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

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 identifier 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 waveform 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 is successfully initiated.

FIG. 6D is 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 program-
ming device.

FIG. 7B is a graphical illustration of a replication of the waveform of FIG. 7A, as emitted by an embodiment of the
invention.

FIG. 7C illustrates a digital recording of an electromagnetic signal returned by a device made by the second man-
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ufacturer when communication is successfully initiated.

FIG. 7D is 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 illustrates a digital recording of an electromagnetic signal generated by a third manufacturer’s programming
device.

FIG. 8B is a graphical illustration of a digitization of the waveform of FIG. 8A, as emitted by an embodiment of the
invention.

FIG. 8C illustrates a digital recording of an electromagnetic signal returned by a device made by the third manufacturer
when communication is successfully initiated.

FIG. 8D is 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. 8C.

FIG. 9A shows a typical signal emitted by a pacemaker from a fourth manufacturer after communication is initiated
by application of a DC magnetic field.

FIG. 9B is 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 fifth manufacturer after communication is initiated
by application of a DC magnetic field.

FIG. 10B is 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 is a flowchart of a method that may be used by medical device identifier to detect a medical device, in
accordance with embodiments of the invention.

FIG. 12 is a flowchart of a method that may be used by medical device identifier to identify a medical device, in
accordance with embodiments of the invention.

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

FIGS. 14A and 14B illustrate example mechanical architectures for a medical device identifier.

DETAILED DESCRIPTION OF THE INVENTION

[0016] FIG. 1 illustrates an example use of a medical device identifier 10 according to embodiments of the invention.
Medical device identifier 10 is shown close to but not necessarily touching the body of a patient 1 who has an 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 identifying a pacemaker, it is to be understood that
the invention is not so limited, and embodiments may be used to identify other kinds of devices. A pacemaker is typically
placed just under the skin. Medical device identifier 10 transmits varying or steady signals according to one or more
predetermined protocols, and interprets any electromagnetic signals returned from implanted device 12 to identify the
implanted device 12. Because each manufacturer uses a different protocol, the manufacturer 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 identifier 10
may then also analyze the returned signal to further verify the identification.
[0017] In some embodiments, medical device identifier 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
identify 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 is performed, there
is no risk to the patient.
[0018] FIG. 2 illustrates a coil arrangement usable in embodiments of the invention. A primary coil 16 can be used in
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an active mode to generate electromagnetic signals, or in a passive mode to receive electromagnetic signals. When a
current is passed through coil 16, coil 16 generates a magnetic field. If the current is time-varying, the magnetic field is
also time-varying in accordance with the current waveform. In the passive mode, electromagnetic fields interacting with
coil 16 generate 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.
[0019] A secondary coil 18 may be used to generate steady (DC) magnetic fields by passing a DC current through
secondary coil 18. 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 in embodiments include the
Ledex Low Profile 1EC 123421-031 and the Ledex Low Profile 2EC 123422-032 available from Johnson Electric of Hong
Kong, each of which has a built-in core. In some embodiments, a permanent magnet may be provided for generating
DC magnetic fields.
[0020] FIG. 3 shows a simplified block diagram of one example electronic architecture of medical device identifier 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 is capable of at least 500 kHz sampling of waveforms. An example processor usable in em-
bodiments is the LM3S1968 microcontroller available from Texas Instruments Incorporated of Dallas, Texas, USA.
[0021] 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, in 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 in nonvolatile memory, as
is explained in more detail below. Memory 42 may include RAM used by processor 40 for temporary variable storage.
While only one block is indicated for memory 42, different kinds of memory 42 may reside in different locations. For
example RAM may be integrated into processor 40. Many different architectures are 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.
[0022] A user interface 44 may be provided for presenting results to a user of medical device identifier 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 identifier 10. One example of a display usable in
embodiments is an ezLCD002 display available from Earth Computer Technologies, Inc. of Costa Mesa, California,
USA. A touchscreen could be used, providing both display and user input capabilities in a single device.
[0023] A digital-to-analog converter (DAC) 32 is 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 is provided to drive circuitry, which in turn is used to drive
primary coil 16 in its active mode to generate electromagnetic waveforms. In the example of FIG. 3, the drive circuitry
includes a voltage-to-current amplifier 30.
[0024] Coil 16 is 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 amplifier 30 is enabled, it drives current through coil 16 in accordance with the output of DAC 32. When
amplifier 30 is disabled, coil 16 may be used in its passive mode.
[0025] In the passive mode, coil 16 is used to sense any electromagnetic signals returned from implanted medical
device 12. As currents are induced in coil 16, a voltage appears on the leads of coil 16, corresponding to the electro-
magnetic signal. The leads of coil 16 are connected to receiver circuitry for reading the voltage signal. In the example
of FIG. 3, the receiver circuitry includes an instrumentation amplifier 22 and filters 24. In one embodiment, instrumentation
amplifier 22 is an INA111 amplifier available from Texas Instruments Incorporated, and is configured with a gain of 100.
[0026] 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
Butterworth filters, but one of the filters is configured for unity gain, while the other is configured with a gain of 10. The
two filters 24 may have different frequency cutoff characteristics as well. Thus, in combination with instrumentation
amplifier 22, two reading channels are available, having gains of 100 and 1000 respectively. Filters 24 may also introduce
a voltage offset, so that the expected range of voltages sensed from coil 16 does not include negative voltages after the
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offset is introduced. In one embodiment, an offset of 1.5 volts is used. Other embodiments may use different gains,
offsets, or filter types than these examples.
[0027] 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 either of filters 24. It is also possible for processor 40
to sense both channels. Any suitable ADC may be used. One example of an ADC suitable for use in embodiments is a
model LM3S1968 10-bit ADC available from Texas Instruments Incorporated.
[0028] A high current switch 36 is also provided, for driving secondary coil 18. Switch 36 is 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 selectively cause current to pass through secondary coil 18 to generate
a constant magnetic field. It is also possible to generate a DC magnetic field by driving DC current through primary coil 16.
[0029] Medical device identifier 10 may include a battery (not shown in FIG. 3), for convenient operation without being
connected to mains power. In some embodiments, medical device identifier may be configured so that it will not operate
while connected to the mains for safety reasons. FIG. 4A shows the system while battery 52 is being charged by a
charging circuit 50. During charging mode, charging circuit 50 is plugged into an AC outlet 48 and medical device identifier
10 is off. In run mode, as shown in FIG. 4B, the electronics 54 of medical device identifier 10 are powered by battery
52, and the unit is not plugged into the AC outlet, so that medical device identifier 10 is handheld and portable.
[0030] 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 in sleep mode allowing it to maintain time and date. Linear regulators produce the +5
V needed for the display and the 3.3 V needed for the microcontroller.
[0031] In operation, medical device identifier 10 generates electromagnetic signals that mimic those sent by various
programmers, in an attempt to "wake up" implanted medical device 12, and monitors any signals returned from implanted
medical device 12. The returned signals may be tested to see if they match signals known to be transmitted by a
manufacturer’s device, and the device may be identification may be based on which manufacturer’s known signals match
most closely with the signals returned from the device.
[0032] FIG. 6A illustrates a digital recording of an electromagnetic signal generated by a first manufacturer’s (Manu-
facturer A) programming device when it is initiating communication with an implanted medical device from Manufacturer
A. The waveform of FIG. 6A has a particular pattern and amplitude unique to Manufacturer A. Medical device identifier
10 stores a digital representation of this waveform for use in attempting to interact with devices from Manufacturer A.
This digital representation may be called a digitized waveform, and is a sequence of numerical values representing the
waveform amplitude at respective sample times. Other digitized waveforms are also stored, which are representations
of the signals used by other manufacturers’ programmers to initiate communication with their respective devices.
[0033] To generate the electromagnetic signals replicating the waveform of FIG. 6A, processor 40 retrieves the cor-
responding 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 is in its active mode. Coil 16 thus produces electromagnetic signals
very similar to those produced by the Manufacturer A’s programming device. FIG. 6B shows a recording of an electro-
magnetic signal generated in this way by an embodiment of the invention, replicating the signal of FIG. 6A.
[0034] To receive a signal returned from implanted medical device 12, processor 40 switches coil 16 into the passive
mode, and begins taking readings using the appropriate filter 24 through ADC 26. Readings are taken rapidly enough
to characterize the expected signals. It is believed that any sampling rate of 350 kHz or higher is 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.
[0035] FIG. 6C illustrates a digital recording of an electromagnetic signal returned by a device made by Manufacturer
A, when communication is successfully initiated. FIG. 6D 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. 6C - that is, how well the returned
signal matches a signal returned from a device made by Manufacturer A. The template is 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 values, but
other template sizes can be used.
[0036] In some embodiments, the comparison of the returned signal to the signal expected from a device from a
particular manufacturer is made using cross correlation. The fundamental advantage of cross correlation over other
methods like feature extraction is its insensitivity to noise. For continuous real variables, the cross correlation is defined as 

 where x(t) and y(t) are two infinite-time input waveforms. If the signal x(t) is the same shape as the signal y(t) delayed
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by τ, the rxy(τ) will be high. In theory, the calculation is performed over infinite time T, but in practice a finite time is used.
FIG. 5 shows a hardware implementation of the cross correlation. The signal x(t) is a known signal, called a template
56. Templates are defined in advance and stored in the machine. The signal y(t) is the observed or measured signal
58. This is the signal measured at the time of the test. The y(t) input is delayed by τ60 using a time delay function 62.
A multiplier 64 creates a product, which is then integrated 66. The r(τ) output 60 will be +1 if the two input signals have
the same shape. The τ at which the output is +1 specifies where in the y(t) signal matches the shape of the template
x(t). The r(τ) 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.
[0037] Inherent in the application of cross correlation in computer based systems is the need to operate on finite
sequences. Also the continuous signal x(t) is sampled at fixed time intervals x(n). In one embodiment, sampling is
performed at 497.777 kHz, but the method works for any suitable sampling rate. Figure 6D shows an example template
x(n) for determining whether or not a particular medical device from Manufacturer A is communicating. The size of the
templates can be varied depending on the shape medical device identifier 10 is trying to detect. It is desirable to capture
a reasonable window, because the data is actually considered as an infinite periodic signal. In other words, if we process
the finite sequence 

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), ...
[0038] 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 is the sequence length. 

[0039] The discrete cross covariance is a rough measure (not scaled to any particular value) of whether or not the
signals x(n) and y(n) have the same shape. The delay parameter, equivalent to the τ in the continuous case, is shown
as m in the following definition of discrete cross covariance: 

[0040] The discrete cross covariance is also a finite-length sequence, but it too can be considered as an infinite periodic
sequence. The cross covariance of a signal with itself at delay equal to zero is similar to its variance 

[0041] The discrete cross correlation between two finite sequences x(n) and y(n) is 

[0042] Without the 1000 in the above equation, the correlation ranges from -1 to +1. The 1000 is included so that rxy
will be the integer part of a fixed point number, ranging from -1000 to +1000. For example, if rxy is 950, it means 0.950.
The higher the cross correlation value, the better the match between the template and the signal being evaluated.
[0043] 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 communi-
cation begins by emitting a magnetic field into the device. Some protocols use a DC magnetic field to initiate communi-
cation, 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 is received by the device, it returns another
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electromagnetic signal.
[0044] FIG. 7A illustrates a digital recording of an electromagnetic signal generated by a second manufacturer’s
(Manufacturer B) programming device when it is initiating communication with an implanted medical device from Man-
ufacturer B. FIG. 7B shows a recording of an electromagnetic signal generated by an embodiment of the invention,
replicating the signal of 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 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. 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.
[0045] FIG. 8A illustrates a digital recording of an electromagnetic signal generated by a third manufacturer’s (Man-
ufacturer C) programming device when it is initiating communication with an implanted medical device from Manufacturer
C. FIG. 8B shows a recording of an electromagnetic signal generated by an embodiment of the invention, replicating
the signal of FIG. 8A. FIG. 8C illustrates a digital recording of an electromagnetic signal returned by a device made by
Manufacturer C, when communication is successfully established. FIG. 8D 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. 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 elements.
[0046] 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
initiated by application of a DC magnetic field. FIG. 9B 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. 9A - that is, how well the returned signal
matches a signal returned from a device made by Manufacturer D. The example template of FIG. 9B has 64 elements.
[0047] 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 field. 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 is, 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.
[0048] While relatively short waveforms 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 manufac-
turer’s equipment.
[0049] FIG. 11 is a flowchart of a method that may be used by medical device identifier 10 to detect a medical device,
in accordance with embodiments of the invention. In this example, each device has five characteristics used for detection
70. For some devices, an activation sequence is used, in which one of the stored digitized waveforms is output to DAC
32 to initiate communication 72. FIGS. 6B, 7B, and 8B illustrate example waveforms 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 of time 74. This delay depends on which manufacturer type it is
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 is set to passive mode and M samples are collected 78.
N is the size of the template, and M will be much larger than N. For each time shift m, a cross correlation is calculated
80 as described above. Cross correlation is very robust such that broad band noise will not trigger a false detection.
Cross correlation is calculated M-N times, and the largest result is returned.
[0050] One by one the medical device identifier attempts to communicate with the list of potential devices as described
in FIG. 12. A device is found if the detection algorithm in FIG. 11 returns a high correlation in 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 searched, 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 initiation process and the response
are both specific to the manufacturer. Second, the DC magnetic field is applied, and all the devices that initiate commu-
nication with a DC magnetic field are searched using the same recorded ADC samples y(n).
[0051] It will be recognized that medical device identifier 10 need not interpret or recognize any content in the signal
being received from a medical device in order to identify the device. Medical device identifier need only associate some
unique feature of the returned signal with a particular device manufacturer.
[0052] Many variations and optional features are possible. For example, measured responses and calculated corre-
lation 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 identifier 10. In sleep mode, the medical device identifier 10 may maintain the
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time and date. Medical personal can retrieve this data along with time and date, and this data can be used to improve
the accuracy of the device.
[0053] 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.
[0054] For each particular region of the world, probabilities may be known a priori of finding the devices of each
manufacturer. These a priori expectations could be used as weighting factors when the medical device identifier is
choosing between two or more potential matches.
[0055] A medical device identifier 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.
[0056] 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 communicate using channels such as RF
radio, ZigBee, Texas Instruments SimpliciTI, Bluetooth, 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.
[0057] 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.

[0058] Another method to determine whether or not an event has occurred is feature extraction. Features include 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.
[0059] 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.
[0060] 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.
[0061] In the system of FIG. 13, the block 86 is part of an identification subsystem that is configured to identify, from
a plurality of possible providers, the provider of a medical device that is 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 operates according to the invention 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 electromagnetic signal from the medical device to be identified via coil 18. The returned electromagnetic
signal may be digitized, and the portal device may then identify the medical device manufacturer or other provider based
on the digitized returned waveform.
[0062] 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 Manufacturers 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.

Table 1. Carrier frequencies used by the major pacemaker 
companies

Pacemaker Frequency

Manufacturer D 175 kHz

Manufacturer C 82 kHz

Manufacturer A 64 kHz

Manufacturer B 58 kHz
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[0063] Once the identification subsystem has identified the provider of the medical device, it establishes communication
over link 92 with the corresponding provider’s call center. Portal device 130 can then act as a relay device, relaying
information received 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-88e, for inter-
preting electromagnetic signals received from the medical device and converting them to information to be transmitted
to the appropriate call center, and for converting information received from the call center to an appropriate digital
waveform to be transmitted to the medical device. Translation modules 88a-88e may be, for example, software or
firmware libraries 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 waveforms 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 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.
[0064] FIGS. 14A and 14B illustrates example mechanical architectures for a medical device identifier 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 electronics 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 coils 16
and 18. Coils 16 and 18 may be conveniently mounted to a handle 20, and coupled to printed circuit board 98 via a cable
106. In the embodiment of FIG. 14B, coils 16 and 18 are mounted in portion 108 that extends from housing 96.
[0065] 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 is to be understood that all workable combinations of the features and elements disclosed
herein are also considered to be disclosed.

Claims

1. A medical device identifier (10), comprising:

a coil (16);
a computer subsystem (28) comprising a processor (40) and memory (42), the memory (42) holding instructions
executable by the processor and also holding a plurality of digitized waveforms;
a digital-to-analog converter (32) coupled to the processor (40);
drive circuitry coupled to the coil (16) and the digital-to-analog converter (32); and
receiver circuitry coupled to the coil (16) and the computer subsystem (28);
wherein the instructions, when executed by the processor (40), cause the medical device identifier (10) to:

sequentially excite the coil (16), via the digital-to-analog converter (32) and the drive circuitry, to generate
electromagnetic waveforms corresponding to one or more of the digitized waveforms;
receive and digitize, via the coil (16) and the receiver circuitry, a returned electromagnetic waveform trans-
mitted 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 waveform.

2. The medical device identifier (10) of 1, wherein the memory (42) further holds a plurality of digital templates corre-
sponding 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 electromag-
netic waveform with the plurality of digital templates.

3. The medical device identifier (10) of claim 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.

4. The medical device identifier (10) of claim 2, wherein the instructions, when executed by the processor, cause the
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medical device identifier to:

compare the digitized returned electromagnetic waveform with at least two of the plurality of digital templates; and
identify the medical device based on the template best matching the digitized returned electromagnetic wave-
form.

5. The medical device identifier (10) of claim 4, wherein the medical device identifier further produces a constant
magnetic field to attempt to prompt a response from the medical device.

6. The medical device identifier (10) of claim 1, 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 is the digitized returned electromagnetic waveform.

7. The medical device identifier (10) of claim 1, further comprising:

a printed circuit board, the printed circuit board supporting the drive circuitry and the receiver circuitry;
wherein the coil is positioned away from the printed circuit board and coupled to the printed circuit board;
wherein the control electronics identifies the medical device based on the return signal.

8. The medical device identifier (10) of claim 7, wherein the coil is coupled to the printed circuit board via a cable.

9. A portal device (130), comprising:

a device identification subsystem comprising a medical device identifier according to claim 1 and 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.

10. The portal device (130) of claim 9, further comprising a plurality of translation modules corresponding respectively
to the plurality of possible providers.

11. The portal device (130) of claim 10, wherein each translation module is provided by its respective one of the plurality
of possible providers.

12. The portal device (130) of claim 11, wherein the device identification 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 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; 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.

13. The portal device (130) of claim 12, wherein the device identification subsystem further comprises a digital-to-analog
converter, and wherein the generated electromagnetic waveforms are generated in part by supplying the digitally
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predefined waveforms to the digital-to-analog converter.

Patentansprüche

1. Medizingerätekennung (10), umfassend:

eine Spule (16);
ein Computersubsystem (28), umfassend einen Prozessor (40) und einen Speicher (42), wobei der Speicher
(42) Anweisungen hält, die von dem Prozessor ausgeführt werden können, und auch eine Vielzahl von digita-
lisierten Wellenformen hält;
einen Digital-Analog-Wandler (32), der mit dem Prozessor (40) gekoppelt ist;
Ansteuerungsschaltung, die mit der Spule (16) und dem Digital-Analog-Wandler (32) gekoppelt ist; und
Empfängerschaltung, die mit der Spule (16) und dem Computersubsystem (28) gekoppelt ist;
wobei die Anweisungen, wenn sie durch den Prozessor (40) ausgeführt werden, die Medizingerätekennung
(10) zu Folgendem veranlassen:

sequentiellem Erregen der Spule (16) über den Digital-Analog-Wandler (32) und die Ansteuerungsschaltung
zum Erzeugen elektromagnetischer Wellenformen, die einer oder mehreren der digitalisierten Wellenformen
entsprechen;
Empfangen und Digitalisieren, über die Spule (16) und die Empfängerschaltung, einer zurückgegebenen
elektromagnetischen Wellenform, die von einem Medizingerät als Reaktion auf die elektromagnetischen
Wellenformen gesendet wird, die von der Medizingerätekennung erzeugt werden; und
Identifizieren des Medizingeräts basierend auf der digitalisierten zurückgegebenen elektromagnetischen
Wellenform.

2. Medizingerätekennung (10) nach 1, wobei der Speicher (42) ferner eine Vielzahl von digitalen Vorlagen hält, die
verschiedenen Medizingeräten entsprechen, und wobei die Anweisungen, wenn sie von dem Prozessor ausgeführt
werden, die Medizingerätekennung veranlassen, das Medizingerät basierend auf einem Vergleich der digitalisierten
zurückgegebenen elektromagnetischen Wellenform mit der Vielzahl von digitalen Vorlagen zu identifizieren.

3. Medizingerätekennung (10) nach Anspruch 2, wobei der Vergleich der digitalisierten zurückgegebenen elektroma-
gnetischen Wellenform mit einer jeweiligen der digitalen Vorlagen eine Kreuzkorrelation der digitalisierten zurück-
gegebenen elektromagnetischen Wellenform mit der jeweiligen digitalen Vorlage umfasst.

4. Medizingerätekennung (10) nach Anspruch 2, wobei die Anweisungen, wenn sie von dem Prozessor ausgeführt
werden, die Medizingerätekennung zu Folgendem veranlassen:

Vergleichen der digitalisierten zurückgegebenen elektromagnetischen Wellenform mit mindestens zwei aus der
Vielzahl von digitalen Vorlagen; und
Identifizieren des Medizingeräts basierend auf der Vorlage, die am besten zu der digitalisierten zurückgegebe-
nen elektromagnetischen Wellenform passt.

5. Medizingerätekennung (10) nach Anspruch 4, wobei die Medizingerätekennung ferner ein konstantes Magnetfeld
erzeugt, um zu versuchen, eine Antwort von dem Medizingerät anzufordern.

6. Medizingerätekennung (10) nach Anspruch 1, wobei die Anweisungen, wenn sie von dem Prozessor ausgeführt
werden, die Medizingerätekennung veranlassen, für jede jeweilige erzeugte elektromagnetische Wellenform die
Spule in einen Empfangsmodus zu versetzen und den Ausgang der Spule zu digitalisieren, wobei für eine bestimmte
der erzeugten elektromagnetischen Wellenformen der digitalisierte Ausgang der Spule die digitalisierte zurückge-
gebene elektromagnetische Wellenform ist.

7. Medizingerätekennung (10) nach Anspruch 1, ferner umfassend:

eine Leiterplatte, wobei die Leiterplatte die Ansteuerungsschaltung und die Empfängerschaltung trägt;
wobei die Spule weg von der Leiterplatte positioniert und mit der Leiterplatte gekoppelt ist;
wobei die Steuerelektronik das Medizingerät basierend auf dem Rücksignal identifiziert.
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8. Medizingerätekennung (10) nach Anspruch 7, wobei die Spule über ein Kabel mit der Leiterplatte gekoppelt ist.

9. Portalgerät (130), umfassend:

ein Geräteidentifizierung-Subsystem, umfassend eine Medizingerätekennung nach Anspruch 1, und das kon-
figuriert ist, um aus einer Vielzahl von möglichen Anbietern den Anbieter eines Medizingeräts zu identifizieren,
der in der Nähe des Portalgeräts ist; und
ein Kommunikationssubsystem, das konfiguriert ist, um über eine elektronische Verbindung eine bidirektionale
Kommunikation mit einem Call-Center herzustellen, das Medizingeräte von dem identifizierten Anbieter wartet;
wobei das Portalgerät betrieben werden kann, um elektromagnetische Signale von dem Medizingerät zu emp-
fangen, um Informationen basierend auf den elektromagnetischen Signalen, die von dem Medizingerät emp-
fangen werden, an das Call-Center weiterzuleiten, um Mitteilungen von dem Call-Center zu empfangen, die
Informationen enthalten, die an das Medizingerät übertragen werden sollen; und um basierend auf den von
dem Call-Center empfangenen Mitteilungen weitere elektromagnetische Signale an das Medizingerät zu über-
tragen.

10. Portalgerät (130) nach Anspruch 9, ferner umfassend eine Vielzahl von Übersetzungsmodulen, jeweils entsprechend
der Vielzahl von möglichen Anbietern.

11. Portalgerät (130) nach Anspruch 10, wobei jedes Übersetzungsmodul von seinem jeweiligen aus der Vielzahl von
möglichen Anbietern bereitgestellt wird.

12. Portalgerät (130) nach Anspruch 11, wobei das Geräteidentifizierung-Subsystem ferner Folgendes umfasst:

eine Spule;
ein Computersubsystem, umfassend einen Prozessor und einen Speicher, wobei der Speicher Anweisungen
enthält, die von dem Prozessor ausgeführt werden können, und das eine Vielzahl von digitalen Vorlagen hält,
die verschiedenen Medizingeräten entsprechen;
Ansteuerungsschaltung, die mit der Spule und dem Computersubsystem gekoppelt ist; und
Empfängerschaltung, die mit der Spule und dem Computersubsystem gekoppelt ist;
wobei die Anweisungen, wenn sie von dem Prozessor ausgeführt werden, die Medizingerätekennung zu Fol-
gendem veranlassen:

sequentielles Erregen der Spule über die Ansteuerungsschaltung zum Erzeugen elektromagnetischer Wel-
lenformen, die einer Vielzahl von digital vordefinierten Wellenformen entsprechen;
Empfangen und Digitalisieren, über die Spule und die Empfängerschaltung, einer zurückgegebenen elek-
tromagnetischen Wellenform, die von einem Medizingerät als Reaktion auf die elektromagnetischen Wel-
lenformen übertragen wird; und
Identifizieren des Anbieters des Medizingeräts basierend auf einem Vergleich der zurückgegebenen elek-
tromagnetischen Wellenform mit mindestens einer aus der Vielzahl von digitalen Vorlagen.

13. Portalgerät (130) nach Anspruch 12, wobei das Gerätidentifizierung-Subsystem ferner einen Digital-Analog-Wandler
umfasst und wobei die erzeugten elektromagnetischen Wellenformen teilweise durch Zuführen der digital vordefi-
nierten Wellenformen zu dem Digital-Analog-Wandler erzeugt werden.

Revendications

1. Identificateur de dispositif médical (10), comprenant :

une bobine (16) ;
un sous-système informatique (28) comprenant un processeur (40) et une mémoire (42), ladite mémoire (42)
contenant des instructions exécutables par le processeur et contenant également une pluralité de formes d’onde
numérisées ; un convertisseur numérique-analogique (32) couplé au processeur (40) ; un ensemble de circuits
de commande couplés à la bobine (16) et au convertisseur numérique-analogique (32) ; et
un ensemble de circuits récepteurs couplés à la bobine (16) et au sous-système informatique (28) ; lesdites
instructions, lorsqu’elles sont exécutées par le processeur (40), amenant l’identificateur de dispositif médical
(10) à :
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exciter séquentiellement la bobine (16), par l’intermédiaire du convertisseur numérique-analogique (32) et
l’ensemble de circuits de commande, pour générer des formes d’onde électromagnétiques correspondant
à une ou plusieurs des formes d’onde numérisées ;
recevoir et numériser, par l’intermédiaire de la bobine (16) et de l’ensemble de circuits récepteurs, une
forme d’onde électromagnétique renvoyée transmise par un dispositif médical en réponse aux formes
d’onde électromagnétiques générées par l’identificateur de dispositif médical ; et
identifier le dispositif médical sur la base de la forme d’onde électromagnétique renvoyée numérisée.

2. Identificateur de dispositif médical (10) de 1, ladite mémoire (42) contenant en outre
une pluralité de modèles numériques correspondant à différents dispositifs médicaux, et lesdites instructions, lors-
qu’elles sont exécutées par le processeur, amenant l’identificateur de dispositif médical à identifier le dispositif
médical sur la base d’une comparaison de la forme d’onde électromagnétique renvoyée numérisée avec la pluralité
de modèles numériques.

3. Identificateur de dispositif médical (10) selon la revendication 2, ladite comparaison de la forme d’onde électroma-
gnétique renvoyée numérisée avec un modèle numérisé respectif parmi les modèles numériques comprenant une
corrélation croisée de la forme d’onde électromagnétique retournée numérisée avec le modèle numérique respectif.

4. Identificateur de dispositif médical (10) selon la revendication 2, lesdites instructions, lorsqu’elles sont exécutées
par le processeur, amenant l’identificateur de dispositif médical à :

comparer la forme d’onde électromagnétique renvoyée numérisée avec au moins deux de la pluralité de modèles
numériques ; et
identifier le dispositif médical sur la base du modèle correspondant le mieux à la forme d’onde électromagnétique
retournée numérisée.

5. Identificateur de dispositif médical (10) selon la revendication 4, ledit identificateur de dispositif médical produisant
en outre un champ magnétique constant pour tenter de provoquer une réponse de la part du dispositif médical.

6. Identificateur de dispositif médical (10) selon la revendication 1, lesdites instructions, lorsqu’elles sont exécutées
par le processeur, amenant l’identificateur de dispositif médical, pour chaque forme d’onde électromagnétique
respective générée, à placer la bobine dans un mode de réception et à numériser la sortie de la bobine, pour l’une
particulière des formes d’onde électromagnétiques générées, la sortie numérisée de la bobine étant la forme d’onde
électromagnétique renvoyée numérisée.

7. Identificateur de dispositif médical (10) selon la revendication 1, comprenant en outre :

une carte de circuit imprimé, la carte de circuit imprimé supportant l’ensemble de circuits de commande et
l’ensemble de circuits récepteurs ;
ladite bobine étant positionnée au loin de la carte de circuit imprimé et couplée à la carte de circuit imprimé ;
ladite électronique de commande identifiant le dispositif médical sur la base du signal de retour.

8. Identificateur de dispositif médical (10) selon la revendication 7, ladite bobine étant couplée à la carte de circuit
imprimé par l’intermédiaire d’un câble.

9. Dispositif de portail (130), comprenant :

un sous-système d’identification de dispositif comprenant un identificateur de dispositif médical selon la reven-
dication 1 et conçu pour identifier, parmi une pluralité de fournisseurs possibles, le fournisseur d’un dispositif
médical qui est à proximité du dispositif de portail ;
et un sous-système de communication conçu pour établir une communication à deux voies sur une liaison
électronique avec un centre d’appels entretenant des dispositifs médicaux du fournisseur identifié ;
ledit dispositif de portail servant à recevoir des signaux électromagnétiques en provenance du dispositif médical,
pour transmettre au centre d’appels des informations sur la base des signaux électromagnétiques reçus en
provenance du dispositif médical, pour recevoir des communications en provenance du centre d’appels trans-
portant des informations à transmettre au dispositif médical, et pour transmettre des signaux électromagnétiques
supplémentaires au dispositif médical sur la base des communications reçues en provenance du centre d’appels.
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10. Dispositif de portail (130) selon la revendication 9, comprenant en outre une pluralité de modules de traduction
correspondant respectivement à la pluralité de fournisseurs possibles.

11. Dispositif de portail (130) selon la revendication 10, chaque module de traduction étant fourni par son fournisseur
respectif parmi la pluralité de fournisseurs possibles.

12. Dispositif de portail (130) selon la revendication 11, ledit sous-système d’identification de dispositif comprenant en
outre :

une bobine ;
un sous-système informatique comprenant un processeur et une mémoire, ladite mémoire contenant des ins-
tructions exécutables par le processeur et contenant une pluralité de modèles numériques correspondant à
différents dispositifs médicaux ;
un ensemble de circuits de commande couplés à la bobine et au sous-système informatique ; et
un ensemble de circuits récepteurs couplés à la bobine et au sous-système informatique ;
lesdites instructions, lorsqu’elles sont exécutées par le processeur, amenant l’identificateur de dispositif médical
à :

exciter séquentiellement la bobine par l’intermédiaire de l’ensemble de circuits de commande pour générer
des formes d’onde électromagnétiques correspondant à une pluralité de formes d’onde prédéfinies
numériquement ;
recevoir et numériser par l’intermédiaire de la bobine et de l’ensemble de circuits récepteurs une forme
d’onde électromagnétique renvoyée transmise par un dispositif médical en réponse aux formes d’onde
électromagnétiques ; et
identifier le fournisseur du dispositif médical sur la base d’une comparaison de la forme d’onde électroma-
gnétique renvoyée avec au moins l’un de la pluralité de modèles numériques.

13. Dispositif de portail (130) selon la revendication 12, ledit sous-système d’identification de dispositif comprenant en
outre un convertisseur numérique-analogique, et lesdites formes d’onde électromagnétiques générées étant géné-
rées en partie en fournissant les formes d’onde prédéfinies numériquement au convertisseur numérique-analogique.
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