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(57) ABSTRACT

The present disclosure provides systems and methods for
classifying signals of interest in a cardiac rhythm manage-
ment (CRM) device. A CRM device includes an intrinsic
activation sensing circuit configured to pass signals falling
within a first passband, a crosstalk sensing circuit configured
to pass signals falling within a second passband, wherein the
second passband contains higher frequencies than the first
passband, and a computing device communicatively coupled
to the intrinsic activation sensing circuit and the crosstalk
sensing circuit, the computing device configured to classify
asignal of interest as one of an intrinsic activation signal and
a crosstalk signal based on whether the signal of interest is
passed by the intrinsic activation sensing circuit and the
crosstalk sensing circuit.
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SYSTEMS AND METHODS FOR
CLASSIFYING SIGNALS OF INTEREST IN A
CARDIAC RHYTHM MANAGEMENT
DEVICE

[0001] This application is a continuation application of
U.S. patent application Ser. No. 14/862,810, filed on Sep.
23, 2015, entitled “Systems and Methods for Classifying
Signals of Interest in a Cardiac Rhythm Management,”
which is incorporated herein by reference in its entirety to
provide continuity of disclosure.

BACKGROUND

Field

[0002] The present disclosure relates generally to cardiac
rhythm management devices, and more particularly to dis-
criminating between intrinsic activation signals and cross-
talk signals in cardiac rhythm management devices.

Background Art

[0003] Multi-chamber cardiac rhythm management
(CRM) devices include, for example, dual-chamber pace-
makers and implantable defibrillators. In such devices, there
is arisk that a pacing pulse (or similar pulse) delivered at one
location within a patient’s heart (e.g., the right atrium) may
be detected by electrodes and associated sense circuitry in
another location within the patient’s heart (e.g., the right
ventricle). This event is referred to as crosstalk.

[0004] This crosstalk, if not properly recognized, may be
sensed and misclassified as an intrinsic local activation
event, such as a premature ventricular contraction (PVC). In
the event of such a misclassification, improper actions may
be taken (e.g., withholding the next pace pulse as part of a
PVC response algorithm). Accordingly, it is desirable to
accurately discriminate crosstalk from intrinsic activations.

BRIEF SUMMARY OF THE DISCLOSURE

[0005] In one embodiment, the present disclosure is
directed to a cardiac rhythm management (CRM) device.
The CRM device includes an intrinsic activation sensing
circuit configured to pass signals falling within a first
passband, a crosstalk sensing circuit configured to pass
signals falling within a second passband, wherein the second
passband contains higher frequencies than the first passband,
and a computing device communicatively coupled to the
intrinsic activation sensing circuit and the crosstalk sensing
circuit, the computing device configured to classify a signal
of interest as one of an intrinsic activation signal and a
crosstalk signal based on whether the signal of interest is
passed by the intrinsic activation sensing circuit and the
crosstalk sensing circuit.

[0006] In another embodiment, the present disclosure is
directed to a method of classifying a signal of interest using
a cardiac rhythm management (CRM) device. The method
includes receiving the signal of interest at an intrinsic
activation sensing circuit configured to pass signals falling
within a first passband, receiving the signal of interest at a
crosstalk sensing circuit configured to pass signals falling
within a second passband, wherein the second passband
contains higher frequencies than the first passband, deter-
mining, using a computing device, whether the signal of
interest is passed by the intrinsic activation sensing circuit
and the crosstalk sensing circuit, and classifying the signal
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of interest as one of an intrinsic activation signal and a
crosstalk signal based on the determination.

[0007] In another embodiment, the present disclosure is
directed to a computing device for use in classifying a signal
of interest detected by a cardiac rhythm management (CRM)
device. The computing device includes a memory device,
and a processor communicatively coupled to the memory
device, the processor configured to determine whether the
signal of interest is passed by an intrinsic activation sensing
circuit configured to pass signals falling within a first
passband, determine whether the signal of interest is passed
by a crosstalk sensing circuit configured to pass signals
falling within a second passband, wherein the second pass-
band contains higher frequencies than the first passband, and
classify the signal of interest as one of an intrinsic activation
signal and a crosstalk signal based on whether the signal of
interest is passed by the intrinsic activation sensing circuit
and the crosstalk sensing circuit.

[0008] The foregoing and other aspects, features, details,
utilities and advantages of the present disclosure will be
apparent from reading the following description and claims,
and from reviewing the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a block diagram of one embodiment of a
cardiac rhythm management (CRM) device.

[0010] FIG. 2isa frequency diagram including a passband
for one embodiment of an intrinsic activation sensing cir-
cuit.

[0011] FIG. 3 is a frequency diagram including a passband
for one embodiment of a crosstalk sensing circuit.

[0012] FIG. 4 is a block diagram of one embodiment of a
computing device that may be used with the CRM device
shown in FIG. 1.

[0013] FIG. 5 is a diagram illustrating a response to an
intrinsic activation signal by the CRM device shown in FIG.
1.

[0014] FIG. 6 is a diagram illustrating a response to a
crosstalk signal by the CRM device shown in FIG. 1.
[0015] FIG. 7 is a diagram illustrating a response to a
crosstalk signal by the CRM device shown in FIG. 1.
[0016] FIG. 8 is a flow diagram of one embodiment of a
method for classifying signals.

[0017] Corresponding reference characters indicate corre-
sponding parts throughout the several views of the drawings.

DETAILED DESCRIPTION OF THE
DISCLOSURE

[0018] The present disclosure provides a cardiac rhythm
management (CRM) device with a crosstalk sensing circuit
in addition to at least one intrinsic activation sensing circuit
configured to sense typical intrinsic activity (e.g., P/R
waves, evoked responses, etc.). The crosstalk sensing circuit
has a passband that is shifted to significantly higher fre-
quencies than the intrinsic activation sensing circuit. This
enables the crosstalk sensing circuit to be more discrimina-
tive of relatively fast rising and falling edges of a locally-
sensed crosstalk signal produced, for example, by a remote
pacing pulse. Accordingly, signals detected by both the
intrinsic activation sensing circuit and the crosstalk sensing
circuit can, with a relatively high degree of confidence, be
identified as crosstalk rather than intrinsic activity.
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[0019] With reference to FIG. 1, a cardiac rhythm man-
agement (CRM) device is indicated generally at 100. CRM
device 100 may be, for example, a dual-chamber pacemaker,
an implantable defibrillator, and/or a leadless medical
device. Alternatively, CRM device 100 may be any type of
assistive cardiac device capable of implementing the meth-
ods and systems described herein.

[0020] CRM device 100 senses local events via a pair of
sensing electrodes 102. The sensed events may be, for
example, intrinsic activation events and/or crosstalk events.
The sensed signals are then processed by at least one
intrinsic activation sensing circuit 104. Intrinsic activation
sensing circuit 104 may be, for example, an amplifier that
has a predefined passband designed to provide desired
signal-to-noise performance that passes relevant signals
(e.g., intrinsic activations) while rejecting irrelevant signals
(e.g., noise, baseline drift, etc.). An upper tail of the pre-
defined passband may at least partially overlap with fre-
quency content of a crosstalk signal. Accordingly, intrinsic
activation sensing circuit 104 may inadvertently pass at least
some energy content derived from crosstalk signals.
[0021] FIG. 2 is a frequency diagram 200 illustrating an
example passband 202 for intrinsic activation sensing circuit
104. Diagram 200 also shows an intrinsic activation band
204 and a crosstalk band 206 that represent the bands of
potential frequency content of intrinsic activation signals
and crosstalk signals, respectively. As shown in FIG. 2,
passband 202 passes at least some crosstalk signals falling
within crosstalk band 206. The likelihood of detecting (i.e.,
passing) crosstalk signals is further increased as the sensi-
tivity of intrinsic activation sensing circuit 104 is increased
and/or the amplitude of the crosstalk signals are increased.
[0022] Accordingly, as shown in FIG. 1, in this embodi-
ment, CRM device 100 includes a crosstalk sensing circuit
106 that has a passband shifted to higher frequencies, as
compared to intrinsic activation sensing circuit 104. As
described herein, the passband of crosstalk sensing circuit
106 passes frequency content of crosstalk signals with
greater sensitivity than intrinsic activation sensing circuit
104. Further, a lower cutoff’ frequency of the passband of
crosstalk sensing circuit 106 is sufficiently greater than the
frequency content of intrinsic activation signals such that
crosstalk sensing circuit 106 substantially rejects any intrin-
sic activation signals.

[0023] FIG. 3 is a frequency diagram 300 illustrating an
example passband 302 for crosstalk sensing circuit 106, as
well as passband 202 for intrinsic activation sensing circuit
104. As shown in FIG. 3, as compared to passband 202,
passband 302 is preferentially sensitive to signals in cross-
talk band 206. Further, passband 302 is insensitive to signals
in intrinsic activation band 204. Accordingly, in operation,
passband 302 passes crosstalk signals and rejects intrinsic
activation signals.

[0024] To accurately discriminate crosstalk due to a
remote pacing pulse from local intrinsic activity, CRM
device 100 takes advantage of the fact that each pacing pulse
has nearly-instantaneous voltage discontinuities at its lead-
ing and trailing edges that are associated with the initiation
and termination of that pacing pulse. These voltage discon-
tinuities are not present in intrinsic activity events, and
accordingly, can be used to discriminate between crosstalk
and intrinsic activity. For example, the frequency content of
intrinsic activity is almost always less than 300 Hertz (Hz).
Therefore, passband 302 is shifted to significantly higher

Apr. 25,2019

frequencies relative to passband 202. That is, in this embodi-
ment, passband 302 is located at frequencies associated with
the fast rising and falling edges of a remote pacing pulse.
Further, pacing pulses are generally much shorter than
intrinsic activations. That is, pacing pulses may generally be
between 0.1 milliseconds (ms) and 1.5 ms (e.g., 0.4-0.5 ms).
This relatively short length also contributes to the pacing
pulses being located in a higher frequency band.

[0025] Passband 302 extends from a lower cutoff fre-
quency to an upper cutoff frequency. The lower cutoff
frequency may be, for example, greater than or equal to 500
Hz, greater than or equal to 1000 Hz, greater than or equal
to 5000 Hz, etc. The higher the lower cutoff frequency is, the
more discriminatory passhband 302 is of the voltage discon-
tinuity in crosstalk due to a remote pacing pulse. In some
embodiments, passband 302 may have a center frequency of
approximately 25,000 Hz. Accordingly, passband 302 has a
frequency range significantly higher than that of passband
202.

[0026] Referring back to FIG. 1, in this embodiment,
CRM device 100 includes a computing device 110 coupled
to intrinsic activation sensing circuit 104 and crosstalk
sensing circuit 106. Computing device 110 determines,
based on an output of intrinsic activation sensing circuit 104
and crosstalk sensing circuit 106, whether a signal of interest
is a crosstalk signal or an intrinsic activation signal, as
described herein.

[0027] FIG. 4 is a block diagram of one embodiment of
computing device 110 that may be used with CRM device
100 (shown in FIG. 1). Computing device 110 includes at
least one memory device 410 and a processor 415 that is
coupled to memory device 410 for executing instructions. In
some embodiments, executable instructions are stored in
memory device 410. In the illustrated embodiment, com-
puting device 110, and by extension CRM device 100,
performs one or more operations described herein by pro-
gramming processor 415. For example, processor 415 may
be programmed by encoding an operation as one or more
executable instructions and by providing the executable
instructions in memory device 410.

[0028] Processor 415 may include one or more processing
units (e.g., in a multi-core configuration). Further, processor
415 may be implemented using one or more heterogeneous
processor systems in which a main processor is present with
secondary processors on a single chip. In another illustrative
example, processor 415 may be a symmetric multi-processor
system containing multiple processors of the same type.
Further, processor 415 may be implemented using any
suitable programmable circuit including one or more sys-
tems and microcontrollers, microprocessors, reduced
instruction set circuits (RISC), application specific inte-
grated circuits (ASIC), programmable logic circuits, field
programmable gate arrays (FPGA), and any other circuit
capable of executing the functions described herein. In the
illustrated embodiment, processor 415 determines, based on
an output of intrinsic activation sensing circuit 104 and
crosstalk sensing circuit 106, whether a signal of interest is
a crosstalk signal or an intrinsic activation signal, as
described herein.

[0029] In the illustrated embodiment, memory device 410
is one or more devices that enable information such as
executable instructions and/or other data to be stored and
retrieved. Memory device 410 may include one or more
computer readable media, such as, without limitation,



US 2019/0117168 Al

dynamic random access memory (DRAM), read-only
memory (ROM), electrically erasable programmable read-
only memory (EEPROM), static random access memory
(SRAM), a solid state disk, and/or a hard disk. Memory
device 410 may be configured to store, without limitation,
application source code, application object code, source
code portions of interest, object code portions of interest,
configuration data, execution events and/or any other type of
data.

[0030] Computing device 110, in the illustrated embodi-
ment, includes a communication interface 440 coupled to
processor 415. Communication interface 440 communicates
with one or more remote devices, such as a clinician or
patient programmer, or another CRM device. To communi-
cate with remote devices, communication interface 440 may
include, for example, a wired network adapter, a wireless
network adapter, a radio-frequency (RF) adapter, and/or a
mobile telecommunications adapter. For example, program-
mer to implant (“p2i”) and/or implant to implant (*i2i”)
communication may be used. In some embodiments, an 121
sensing channel is leveraged to implement crosstalk sensing
circuit 106.

[0031] FIGS. 5-7 schematically illustrate how CRM
device 100 distinguishes between crosstalk signals and
intrinsic activation signals using intrinsic activation sensing
circuit 104 and crosstalk sensing circuit 106.

[0032] FIG. 5 illustrates a response by CRM device 100 to
an intrinsic activation signal 502. Because intrinsic activa-
tion signal 502 is substantially within passband 202 of
intrinsic activation sensing circuit 104 and has sufficient
relative amplitude to exceed a sensing threshold of intrinsic
activation sensing circuit 104, intrinsic activation signal 502
is passed (i.e., detected) by intrinsic activation sensing
circuit 104, as indicated at block 504. However, intrinsic
activation signal 502 is substantially outside of passband
302 of crosstalk sensing circuit 106. Accordingly, intrinsic
activation signal 502 is not passed (i.e., not detected) by
crosstalk sensing circuit 106, as indicated at block 506.
[0033] Computing device 110 determines whether the
signal of interest was detected by crosstalk sensing circuit
106. As such, in the example of FIG. 5, because intrinsic
activation signal 502 is detected by intrinsic activation
sensing circuit 104, but is not detected by crosstalk sensing
circuit 106, computing device 110 correctly identifies intrin-
sic activation signal 502 as an intrinsic activation signal, as
indicated at block 508.

[0034] FIG. 6 illustrates a response by CRM device 100 to
a crosstalk signal 602. Because crosstalk signal 602 partially
overlaps the upper tail of passband 202 of intrinsic activa-
tion sensing circuit 104 and has sufficient relative amplitude
to exceed a sensing threshold of intrinsic activation sensing
circuit 104, crosstalk signal 602 is passed (i.e., detected) by
intrinsic activation sensing circuit 104, as indicated at block
504.

[0035] Crosstalk signal 602 is also substantially within
passband 302 of crosstalk sensing circuit 106 and has
sufficient relative amplitude to exceed a sensing threshold of
crosstalk sensing circuit 106. Accordingly, crosstalk signal
602 is also passed (i.e., detected) by crosstalk sensing circuit
106, as indicated at block 506. Crosstalk signal 602 is
detected substantially concurrently by both intrinsic activa-
tion sensing circuit 104 and by crosstalk sensing circuit 106
(e.g., taking into account some timing tolerance to account
for different lags between reaching detection thresholds by
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intrinsic activation sensing circuit 104 and crosstalk sensing
circuit 106). Because crosstalk signal 602 is detected by
intrinsic activation sensing circuit 104 and crosstalk sensing
circuit 106, computing device 110 correctly identifies cross-
talk signal 602 as a crosstalk signal (as indicated at block
608), and rejects the false positive detection by intrinsic
activation sensing circuit 104 of crosstalk signal 602 as an
intrinsic activation signal.

[0036] FIG. 7 illustrates a response by CRM device 100 to
a crosstalk signal 702. Unlike crosstalk signal 602, crosstalk
signal 702 partially overlaps the upper tail of passband 202
of intrinsic activation sensing circuit 104, but does not have
sufficient relative amplitude to exceed a sensing threshold of
intrinsic activation sensing circuit 104. Accordingly cross-
talk signal 702 is rejected (i.e., not detected) by intrinsic
activation sensing circuit 104, as indicated at block 504.
[0037] Crosstalk signal 702 is also substantially within
passband 302 of crosstalk sensing circuit 106 and has
sufficient relative amplitude to exceed a sensing threshold of
crosstalk sensing circuit 106. Accordingly, crosstalk signal
702 is also passed (i.e., detected) by crosstalk sensing circuit
106, as indicated at block 506. Because crosstalk signal 702
is not detected by intrinsic activation sensing circuit 104 but
is detected by crosstalk sensing circuit 106, computing
device 110 correctly identifies crosstalk signal 702 as a
crosstalk signal, as indicated at block 708.

[0038] FIG. 8 is a flow diagram of one embodiment of a
method 800 for classifying signals that may be performed,
for example, using CRM device 100 (shown in FIG. 1). At
block 802, a signal of interest is detected by intrinsic
activation sensing circuit 104. At block 804, computing
device 110 determines whether the signal of interest was
also detected substantially concurrently by crosstalk sensing
circuit 106. If the signal of interest was detected by crosstalk
sensing circuit 106, it is identified as a crosstalk signal at
block 806 and processed accordingly (e.g., ignoring the
signal, initiating a crosstalk signal processing algorithm,
etc.). Alternatively, if the signal of interest was not detected
by crosstalk sensing circuit 106, it is identified as an intrinsic
activation signal at block 808 and processed accordingly.
[0039] Based on the classification of a signal, appropriate
action may be taken (e.g., by a physician, or by an algorithm
operating on the CRM device). For example, pacing of a
patient’s heart may be adjusted based on whether the signal
is classified as a crosstalk signal or an intrinsic activation
signal. Alternatively, any other suitable actions may be taken
in response to the classification.

[0040] The systems and methods described herein facili-
tate accurately classifying signals of interest in a CRM
device as either intrinsic activation signals or crosstalk
signals. The signals are discriminated by using both an
intrinsic activation sensing circuit and a crosstalk sensing
circuit. By accurately classifying signals, appropriate action
may be taken to address the signals, improving patient care.
[0041] Although certain embodiments of this disclosure
have been described above with a certain degree of particu-
larity, those skilled in the art could make numerous altera-
tions to the disclosed embodiments without departing from
the spirit or scope of this disclosure. All directional refer-
ences (e.g., upper, lower, upward, downward, left, right,
leftward, rightward, top, bottom, above, below, vertical,
horizontal, clockwise, and counterclockwise) are only used
for identification purposes to aid the reader’s understanding
of the present disclosure, and do not create limitations,
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particularly as to the position, orientation, or use of the
disclosure. Joinder references (e.g., attached, coupled, con-
nected, and the like) are to be construed broadly and may
include intermediate members between a connection of
elements and relative movement between elements. As such,
joinder references do not necessarily infer that two elements
are directly connected and in fixed relation to each other. Tt
is intended that all matter contained in the above description
or shown in the accompanying drawings shall be interpreted
as illustrative only and not limiting. Changes in detail or
structure may be made without departing from the spirit of
the disclosure as defined in the appended claims.

[0042] When introducing elements of the present disclo-
sure or the preferred embodiment(s) thereof, the articles “a”,
“an”, “the”, and “said” are intended to mean that there are
one or more of the elements. The terms “comprising”,
“including”, and “having” are intended to be inclusive and
mean that there may be additional elements other than the
listed elements.

[0043] As various changes could be made in the above
constructions without departing from the scope of the dis-
closure, it is intended that all matter contained in the above
description or shown in the accompanying drawings shall be
interpreted as illustrative and not in a limiting sense.

What is claimed is:

1. A cardiac rhythm management (CRM) device compris-
ing:

an intrinsic activation sensing circuit configured to pass
signals falling within a first passband,

a crosstalk sensing circuit configured to pass signals
falling within a second passband, wherein the second
passband contains higher frequencies than the first
passband; and

a computing device communicatively coupled to the
intrinsic activation sensing circuit and the crosstalk
sensing circuit, the computing device configured to
classify a signal of interest as one of an intrinsic
activation signal and a crosstalk signal based on
whether the signal of interest is passed by the intrinsic
activation sensing circuit and the crosstalk sensing
circuit.

2. The CRM device of claim 1, wherein the second
passband has a lower cutoff frequency greater than or equal
to 500 Hz.

3. The CRM device of claim 1, wherein the second
passband has a lower cutoff frequency greater than or equal
to 1000 Hz.

4. The CRM device of claim 1, wherein the second
passband has a center frequency equal to approximately
25,000 Hz.

5. The CRM device of claim 1, wherein to classify a
signal of interest, the computing device is configured to
classify the signal of interest as a crosstalk signal when the
signal of interest is passed by the intrinsic activation sensing
circuit and passed by the crosstalk sensing circuit, wherein
the second passband has a lower cutoff frequency greater
than or equal to 500 Hz.

6. The CRM device of claim 1, wherein to classify a
signal of interest, the computing device is configured to
classify the signal of interest as a crosstalk signal when the
signal of interest is passed by the intrinsic activation sensing
circuit and passed by the crosstalk sensing circuit, wherein
the second passband has a lower cutoff frequency greater
than or equal to 1000 Hz.
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7. The CRM device of claim 1, wherein to classify a
signal of interest, the computing device is configured to
classify the signal of interest as a crosstalk signal when the
signal of interest is passed by the intrinsic activation sensing
circuit and passed by the crosstalk sensing circuit, wherein
the second passband has a center frequency equal to
approximately 25,000 Hz
8. A method of classifying a signal of interest using a
cardiac rhythm management (CRM) device, the method
comprising:
receiving the signal of interest at an intrinsic activation
sensing circuit configured to pass signals falling within
a first passband,

receiving the signal of interest at a crosstalk sensing
circuit configured to pass signals falling within a sec-
ond passband, wherein the second passband contains
higher frequencies than the first passband;

determining, using a computing device, whether the sig-
nal of interest is passed by the intrinsic activation
sensing circuit and the crosstalk sensing circuit; and

classifying the signal of interest as one of an intrinsic
activation signal and a crosstalk signal based on the
determination.

9. The method of claim 8, wherein classifying the signal
of interest comprises classifying the signal of interest as a
crosstalk signal when the signal of interest is passed by the
intrinsic activation sensing circuit and passed by the cross-
talk sensing circuit.

10. The method of claim 8, wherein classifying the signal
of interest comprises classifying the signal of interest as a
crosstalk signal when the signal of interest is not passed by
the intrinsic activation sensing circuit and passed by the
crosstalk sensing circuit.

11. The method of claim 8, wherein receiving the signal
of interest at a crosstalk sensing circuit comprises receiving
the signal of interest at a crosstalk sensing circuit in which
the second passband has a lower cutoff frequency greater
than or equal to 500 Hz.

12. The method of claim 8, wherein receiving the signal
of interest at a crosstalk sensing circuit comprises receiving
the signal of interest at a crosstalk sensing circuit in which
the second passband has a lower cutoff frequency greater
than or equal to 1000 Hz.

13. The method of claim 8, further comprising pacing a
patient’s heart based on the classification of the signal of
interest.

14. The method of claim 8, wherein receiving the signal
of interest at a crosstalk sensing circuit comprises receiving
the signal of interest at a crosstalk sensing circuit in which
the second passband has a center frequency equal to
approximately 25,000 Hz.

15. A computing device for use in classifying a signal of
interest detected by a cardiac rhythm management (CRM)
device, the computing device comprising:

a memory device; and

a processor communicatively coupled to the memory
device, the processor configured to:

determine whether the signal of interest is passed by an
intrinsic activation sensing circuit configured to pass
signals falling within a first passband,

determine whether the signal of interest is passed by a
crosstalk sensing circuit configured to pass signals
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falling within a second passband, wherein the second
passband contains higher frequencies than the first
passhand, and

classify the signal of interest as one of an intrinsic
activation signal and a crosstalk signal based on
whether the signal of interest is passed by the intrinsic
activation sensing circuit and the crosstalk sensing
circuit.

16. The computing device of claim 15, wherein to classify
the signal of interest, the processor is configured to classify
the signal of interest as a crosstalk signal when the signal of
interest is passed by the intrinsic activation sensing circuit
and passed by the crosstalk sensing circuit.

17. The computing device of claim 15, wherein to classify
the signal of interest, the processor is configured to classify
the signal of interest as a crosstalk signal when the signal of
interest is not passed by the intrinsic activation sensing
circuit and passed by the crosstalk sensing circuit.
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18. The computing device of claim 15, wherein to deter-
mine whether the signal of interest is passed by a crosstalk
sensing circuit, the processor is configured to determine
whether the signal of interest is passed by a crosstalk sensing
circuit in which the second passband has a lower cutoff
frequency greater than or equal to 500 Hz.

19. The computing device of claim 15, wherein to deter-
mine whether the signal of interest is passed by a crosstalk
sensing circuit, the processor is configured to determine
whether the signal of interest is passed by a crosstalk sensing
circuit in which the second passband has a lower cutoff
frequency greater than or equal to 1000 Hz.

20. The computing device of claim 15, wherein to deter-
mine whether the signal of interest is passed by a crosstalk
sensing circuit, the processor is configured to determine
whether the signal of interest is passed by a crosstalk sensing
circuit in which the second passband has a center frequency
equal to approximately 25,000 Hz.

* #* * #* #®
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