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(54) ESTIMATION OF ELECTRODE-TISSUE CONTACT USING OSCILLATOR AT COMMON 
GROUND OF ELECTROCARDIOGRAM (ECG) SYSTEM

(57) A system includes signal acquisition circuitry, an
oscillator circuit, and a processor. The signal acquisition
circuitry is configured to receive from an intra-cardiac
probe multiple intra-cardiac signals acquired by multiple
electrodes of the probe, and to further receive a common
ground signal for the multiple intra-cardiac signals. The
signal acquisition circuitry is further configured to digitize
the intra-cardiac signals relative to the common ground

signal so as to produce multiple digital signals. The os-
cillator circuit is configured to generate an Alternating
Current (AC) signal and to apply the AC signal to the
common ground signal provided to the signal acquisition
circuitry. The processor is configured to detect the AC
signal in the multiple digital signals, and to assess, based
on the detected AC signal, respective qualities of physical
contact between the electrodes and cardiac tissue.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates generally to intra-
body medical procedures and instruments, and particu-
larly to cardiac electrocardiogram (ECG) sensing and ab-
lation.

BACKGROUND OF THE INVENTION

[0002] Various known methods exist for recording
electrophysiological signals. For example, U.S. Patent
9,591,981 describes method for acquiring electrical sig-
nals from a living subject, including applying, via an elec-
trode attached to the subject, a known calibration signal
to the subject and measuring respective levels of output
signals, generated at input electrodes attached to the
subject, in response to the calibration signal. The method
further includes deriving respective weighting factors for
the input electrodes in response to the respective signal
levels and applying the respective weighting factors to
physiological signals acquired by the input electrodes,
so as to generate respective corrected physiological sig-
nals.
[0003] As another example, U.S. Patent Application
Publication 2016/0310077 describes a medical device
and a sensor. In an embodiment, implantable sensor-
modules containing contact sensors are placed on or
within a kyphoplasty balloon in order to monitor contact
between the balloon and a cancellous bone of a vertebral
body.
[0004] U.S. Patent Application Publication
2007/0073284 describes a multiple RF return-pad con-
tact detection system, which is adaptive to different phys-
iological characteristics of patients without being suscep-
tible to electrosurgical current interference (e.g., interfer-
ence or measurement interaction between components
of the detection system). The detection system can
measure or sense the contact resistance or impedance
between the patient and pairs of RF return-pads or return-
electrodes where multiple pairs of RF return-pads are
utilized due to the high current frequently needed during
electrosurgery while eliminating or minimizing the risk of
measurement interaction between the RF return-pad
pairs. The system allows for the independent and simul-
taneous measurement of the pad contact impedance for
each pair of RF return pads.
[0005] In another field, U.S. Patent Application Publi-
cation 2007/0073284 describes 2007/0171211 de-
scribes a detector for detecting touches of at least one
object on a transparent sensor located over a display
screen. The detector comprising a display screen, a pat-
terned arrangement of conductors extending into said
sensor situated over said display screen, and detection
circuitry adapted to detect capacitive coupling of said at
least one object with said at least one conductor. In an
embodiment, an oscillating signal is provided by applying

oscillations to the system or part thereof, in reference to
the common ground.

SUMMARY OF THE INVENTION

[0006] An embodiment of the present invention pro-
vides a system including signal acquisition circuitry, an
oscillator circuit, and a processor. The signal acquisition
circuitry is configured to receive from an intra-cardiac
probe multiple intra-cardiac signals acquired by multiple
electrodes of the probe, and to further receive a common
ground signal for the multiple intra-cardiac signals. The
signal acquisition circuitry is further configured to digitize
the intra-cardiac signals relative to the common ground
signal so as to produce multiple digital signals. The os-
cillator circuit is configured to generate an Alternating
Current (AC) signal and to apply the AC signal to the
common ground signal provided to the signal acquisition
circuitry. The processor is configured to detect the AC
signal in the multiple digital signals, and to assess, based
on the detected AC signal, respective qualities of physical
contact between the electrodes and cardiac tissue.
[0007] In some embodiments, the oscillator circuit is
configured to generate and apply the AC signal at two or
more AC frequencies.
[0008] In some embodiments, the oscillator circuit is
configured to generate and apply the two or more AC
frequencies simultaneously.
[0009] In an embodiment, the oscillator circuit is con-
figured to vary the AC signal over time between the two
or more AC frequencies.
[0010] In another embodiment, the processor is con-
figured to assess the qualities of physical contact by de-
tecting, per intra-cardiac signal, whether the detected AC
signal matches a frequency response of blood or of car-
diac tissue.
[0011] In some embodiments, the processor is config-
ured to assess the respective qualities of physical contact
based on one or more AC signals uploaded from a mem-
ory.
[0012] In some embodiments, the processor is config-
ured to assess the respective qualities of physical contact
in real-time.
[0013] In an embodiment, the acquisition circuitry in-
cludes at least one Analog-to-Digital Converter (ADC),
which is configured to simultaneously digitize at least one
of the intra-cardiac signals and the corresponding AC
signal.
[0014] There is additionally provided, in accordance
with an embodiment of the present invention, a method,
including receiving from an intra-cardiac probe multiple
intra-cardiac signals acquired by multiple electrodes of
the probe. A common ground signal for the multiple intra-
cardiac signals is further received. The intra-cardiac sig-
nals are digitized relative to the common ground signal
so as to produce multiple digital signals. An Alternating
Current (AC) signal is generated and applied to the com-
mon ground signal provided to the signal acquisition cir-
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cuitry. The AC signal is detected in the multiple digital
signals, and, based on the detected AC signal, respective
qualities of physical contact between the electrodes and
cardiac tissue are assessed.
[0015] The present invention will be more fully under-
stood from the following detailed description of the em-
bodiments thereof, taken together with the drawings in
which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Fig. 1 is a schematic, pictorial illustration of a of an
electro-anatomical mapping system, in accordance
with an embodiment of the present invention;
Fig. 2 is a schematic block diagram of signal acqui-
sition circuitry and an oscillator circuit, in accordance
with an embodiment of the present invention; and
Fig. 3 is a flow chart that schematically illustrates a
method for assessing the quality of physical contact
between an electrode and cardiac tissue using AC
signal, in accordance with an embodiment of the
present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

OVERVIEW

[0017] Intra-cardiac probe based (e.g., catheter-
based) cardiac diagnostic and therapeutic systems may
measure multiple intra-cardiac signals, such as electro-
cardiograms (ECG), during an invasive procedure. Such
systems may acquire the multiple intra-cardiac signals
using electrodes (also named hereinafter "distal elec-
trodes") that are fitted at the distal end of the probe.
[0018] In some cases, it may be required to verify that
a distal electrode is in physical contact with cardiac tis-
sue, such as the inner surface of a cardiac chamber,
while the electrode acquires the intra-cardiac signals.
Typically, in order to assess whether a distal electrode
is in physical contact with tissue, another device, such
as a contact force sensor, may be used. The introduction
of an additional device may complicate the acquisition
and analysis of the electrophysiological signals, for ex-
ample, by causing electrical offsets and/or noises.
[0019] Embodiments of the present invention that are
described hereinafter provide an intra-cardiac probe-
based electro-anatomical measurement and analysis
system and method that use signals that the distal elec-
trodes already collect, for example, while measuring in-
tra-cardiac ECG signals, in order to assess whether a
distal electrode is in a physical contact with cardiac tissue
while acquiring the intra-cardiac ECG signals.
[0020] In some embodiments, the disclosed probe-
based electro-anatomical system includes signal acqui-
sition circuitry, which is configured to receive from the
intra-cardiac probe multiple intra-cardiac signals ac-

quired by multiple electrodes of the probe, and to further
receive a common ground signal for the multiple intra-
cardiac signals. The signal acquisition circuitry digitizes
the intra-cardiac signals relative to the common ground
signal so as to produce multiple digital signals. The sys-
tem further includes an oscillator circuit, which is config-
ured to generate an Alternating Current (AC) signal and
to apply the AC signal to the common ground signal that
is provided to the signal acquisition circuitry (i.e., the os-
cillator circuit generates an AC floating common ground
for the probe).
[0021] A processor in the system is configured to de-
tect the AC signal in the multiple digital signals, and to
assess, based on the detected AC signal, respective
qualities of physical contact between the electrodes and
cardiac tissue. In some embodiments, the processor as-
sesses the qualities of physical contact by identifying a
distinct frequency response of tissue to the AC signal (for
example, in contrast to the frequency response of blood)
for each distal electrode separately.
[0022] In an embodiment, the oscillator circuit modu-
lates the intra-cardiac signals in two or more AC frequen-
cies simultaneously. In another embodiment, the AC fre-
quency of the oscillator circuit is varied (e.g., by com-
mands from the processor) over a range of frequencies
that are most indicative of the type of tissue. In an em-
bodiment, the oscillator circuit is configured vary the AC
signal over time between the two or more AC frequencies.
In either case, the processor analyzes the resulting fre-
quency-dependent signals at the two or more AC fre-
quencies, and accordingly provides an assessment
whether the distal electrode is in direct electrical contact
with (i.e., touches) cardiac tissue or not (e.g., electrode
is immersed in blood). As noted above, the indication is
provided independently for each distal electrode.
[0023] A technique for sensing of electrode-tissue
physical contact using analysis of frequency response of
tissue is described in U.S. Patent Application 15/991,291,
filed May 29, 2018, entitled "Touch Detection by Different
Frequency Response of Tissue," which is assigned to
the assignee of the present patent application and whose
disclosure is incorporated herein by reference. In an em-
bodiment, the processor may use this method for ana-
lyzing the acquired intra-cardiac signals.
[0024] The disclosed technique for estimation of elec-
trode-tissue contact by applying AC signal to a common
ground simplifies the technology and procedures re-
quired for a reliable acquisition of intra-cardiac electro-
physiological signals, such as intra-cardiac ECG signals.
Thus, the disclosed technique may simplify invasive di-
agnostic and therapeutic procedures using a catheter-
based system, such as for diagnosing and treating arte-
rial fibrillation.

SYSTEM DESCRIPTION

[0025] Fig. 1 is a schematic, pictorial illustration of an
electro-anatomical mapping system 21, in accordance
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with an embodiment of the present invention. In some
embodiments, system 21 is used for multi-channel meas-
urement of AC modulated intra-cardiac ECG signals.
[0026] Fig. 1 depicts a physician 27 using an electro-
anatomical catheter 29 to perform an electro-anatomical
mapping of a heart 23 of a patient 25. Catheter 29 com-
prises, at its distal end, one or more arms 20, which may
be mechanically flexible, to each of which are coupled
one or more distal electrodes 22.
[0027] During the electro-anatomical mapping proce-
dure, a tracking system is used to track the intra-cardiac
locations of distal electrodes 22, so that each of the ac-
quired electrophysiological signals may be associated
with a known intra-cardiac location. An example of track-
ing system 21 is Active Current Location (ACL), which is
described in US Patent 8,456,182, whose disclosure is
incorporated herein by reference. In the ACL system, a
processor estimates the respective locations of the distal
electrodes based on impedances measured between
each of distal electrodes 22 and a plurality of surface
electrodes 24 that are coupled to the skin of patient 25
(For ease of illustration, only one surface-electrode is
shown in Fig. 1.). The processor may then associate any
electrophysiological signal received from distal elec-
trodes 22 with the location at which the signal was ac-
quired.
[0028] In some embodiments, multiple distal elec-
trodes 22 acquire intra-cardiac ECG signals from tissue
of a cardiac chamber of heart 23. A signal acquisition
circuitry 36 is coupled to receive the intra-cardiac signals
via an electrical interface 35. An oscillator (shown in Fig.
2 below) modulates the intra-cardiac signals with an AC
signal, as will be described in detail below. Signal acqui-
sition circuitry 36 digitizes the AC modulated intra-cardiac
signals so as to produce multiple digital signals. Then,
signal acquisition circuitry 36 conveys the digitized sig-
nals to processing unit 42, included in processor 28,
which detects the AC signal in the multiple digital signals.
Based on the detected AC signal, unit 42 assesses re-
spective qualities of physical contact between each of
distal electrodes 22 and cardiac tissue.
[0029] In some embodiments, signal acquisition cir-
cuitry 36, as well as processing unit 42, are part of proc-
essor 28 and therefore the use of the term "processor
28" for describing the embodiments of circuitry 36 and
unit 42 should be considered as equivalent to using the
terms "Signal acquisition circuitry 36" and/or "processing
unit 42."
[0030] In some embodiments, the assessment of qual-
ities of physical contact is based, for example, on mod-
eling the frequency response of the impedances sensed
by each of electrodes 22, which is different for blood and
tissue, as elaborated in the above described U.S. Patent
Application 15/991,291, and as described below. The
structure and operation of signal acquisition circuitry 36
is described in more detail below with respect to Fig. 2.
[0031] In some embodiments, processing unit 42 uses
information contained in the ECG signals, for example,

to construct an electro-anatomical map 31. In some em-
bodiments, processor 28 uploads from a memory 44AC
modulated intra-cardiac ECG signals that were meas-
ured at a previous probing session, in order to assess
the quality of physical contact during that session.
[0032] In some embodiments, processing unit 42 is fur-
ther configured to analyze the intra-cardiac ECG signals
and may present the results of the analysis in a standard
ECG format, typically a graphical representation moving
with time, on display 26.
[0033] The example illustration shown in Fig. 1 is cho-
sen purely for the sake of conceptual clarity. For example,
position measurements can also be done by applying a
voltage gradient between pairs of surface electrodes 24
and measuring, with distal electrodes 22, the resulting
potentials (i.e., using the Carot®4 technology produced
by Biosense-Webster, Irvine, California). Thus, embod-
iments of the present invention apply to any position
sensing method that uses distal electrodes to apply
and/or measure modulated electrical signals.
[0034] Other types of catheters, such as the Lasso®
Catheter (produced by Biosense-Webster), or a basket
catheter, may equivalently be employed. Contact sen-
sors may be fitted at the distal end of electro-anatomical
catheter 29. Other types of electrodes, such as those
used for ablation, may be utilized in a similar way on distal
electrodes 22 to acquire intra-cardiac electrophysiologi-
cal signals that are modulated by one or more AC fre-
quencies. Thus, an ablation electrode used for collecting
frequency-dependent electrophysiological data is re-
garded in this description as a distal electrode.
[0035] Processor 28 and processing unit 42 typically
comprise general-purpose processors with software pro-
grammed to carry out the functions described herein. The
software may be downloaded to either processor in elec-
tronic form, over a network, for example, or it may, alter-
natively or additionally, be provided and/or stored on non-
transitory tangible media, such as magnetic, optical, or
electronic memory.

ESTIMATION OF ELECTRODE-TISSUE CONTACT 
USING OSCILLATOR AT COMMON GROUND OF ECG 
SYSTEM

[0036] Fig. 2 is a schematic block diagram of signal
acquisition circuitry 36 and an oscillator circuit 55, in ac-
cordance with an embodiment of the present invention.
As seen, surface contact 30FG, which is coupled to the
body of the patient, serves, among other possible func-
tions, as a common ground signal and as an output lead
of an oscillator circuit 55. Contact 30FG may be a surface
electrode attached to the body, or a contact point be-
tween one or more surface electrodes that are in contact
with the skin or an internal organ of the body, for example
surface-skin ECG recording electrodes.
[0037] In some embodiments, oscillator circuit 55 AC
modulates the electric potential of floating ground 30FG,
thereby modulating intra-cardiac ECG signals SA,
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SB, ...SN. Any suitable AC signal can be used. In an em-
bodiment, the AC signal generated by oscillator circuit
55 has two or more AC frequencies. AC Modulated intra-
cardiac ECG signals SA, SB, ...SN, are acquired by mul-
tiple distal electrodes 22A, 22B, ...22N, respectively. In
another embodiment, oscillator circuit 55 variably mod-
ulates ECG signals SA, SB, ...SN (i.e., as with AC fre-
quency that is time-dependent), so as to generate the
AC frequency dependent intra-cardiac ECG signals SA,
SB, ...SN. As noted above, the modulated intra-cardiac
ECG signals SA, SB, ...SN, propagate through blood or
tissue and in the process are received at signal acquisi-
tion circuitry 36.
[0038] In some embodiments, an Analog-to-Digital
Converter (ADC) inside signal acquisition circuitry 36 (not
shown) digitizes signals SA, SB, ...SN. In an embodiment,
the ADC is configured to simultaneously digitize at least
one of the intra-cardiac signals and the corresponding
AC signal.
[0039] The ADC outputs the digitized signals to
processing unit 42 that detects the AC signal in the mul-
tiple digital signals SA, SB, ...SN, and assess, based on
the detected AC signal, respective qualities of physical
contact between the electrodes and cardiac tissue (e.g.,
by detecting, per intra-cardiac signal, whether the detect-
ed AC signal matches a frequency response of blood or
of cardiac tissue).
[0040] For example, for any given distal electrode 22K
(K=A, B, ...N) among electrodes 22A, 22B, ...22N,
processing unit 42 assesses the stability of the physical
contact of the electrode with tissue while acquiring the
intra-cardiac ECG signal, as described below.
[0041] In some embodiments, the technique for con-
tact sensing using analysis of frequency response of tis-
sue, as described in U.S. Patent Application 15/991,291,
is applied. As shown in inset 60, by way of example, the
values of AC modulated intra-cardiac ECG signals SA
and SN of electrodes 22A and 22N are highly frequency
dependent, wherein the x-axis in inset 60 represents AC
frequency. As seen in inset 60, unit 42 finds, for example,
distinct positive difference between signals 62 and sig-
nals 64 for SA and SN). Based on the differences between
signals SA and SN, processing unit 42 assesses that elec-
trodes 22A and 22N are in firm (e.g., stable) physical
contact with tissue. Intra-cardiac ECG signals SB, on the
other hand, are practically AC frequency independent
(i.e., the differences between signals 62 and signals 64
are approximately zero for SB), which causes unit 42 to
assess, for example, that electrode 22B is immersed in
blood, or, as another example, frequently loses contact
with tissue (i.e., electrode is in an unstable physical con-
tact with tissue).
[0042] The example illustration shown in Fig. 2 is cho-
sen purely for the sake of conceptual clarity. Fig. 2 shows
only parts relevant to embodiments of the present inven-
tion. Other system elements, such as external ECG re-
cording electrodes and their connections are omitted.
Various ECG recording system elements are omitted, as

well such as elements for filtering, digitizing, protecting
circuitry, and others. In an optional embodiment, oscilla-
tor circuit 55 is included in a read-out application-specific
integrated circuit (ASIC) that is used for measuring intra-
cardiac AC modulated ECG signals SA, SB, ...SN.
[0043] The various elements for routing signal acqui-
sition circuitry 36 may be implemented in hardware, e.g.,
using one or more discrete components, such as field-
programmable gate arrays (FPGAs) or ASICs. In some
embodiments, some elements of signal acquisition cir-
cuitry 36 and/or processing unit 42 may be implemented
in software, or by using a combination of software and
hardware elements.
[0044] Other methods may be applied that use modu-
lated signals ECG signals SA, SB, ...SN, to assess quality
of physical contact. For example, in an optional embod-
iment, statistical analysis of set pair signals (SJ, SK), (J,
K=A, B, ...N) may indicate which of electrodes 22A,
22B, ...22N are in physical contact with tissue, and which
are in blood.
[0045] Fig. 3 is a flow chart that schematically illus-
trates a method for assessing the quality of physical con-
tact between an electrode and cardiac tissue using AC
signal, in accordance with an embodiment of the present
invention. The process begins with system 21 measuring
AC modulated intra-cardiac ECG signals SA, SB, ...SN,
using multiple distal electrodes 22A, 22B, ...22N, at an
intra-cardiac signals measurement step 70.
[0046] At an AC signal detection step 72, processing
unit 42 detects the AC signal in multiple digital signals
SA, SB, ...SN.
[0047] In a quality of contact assessment step 76,
based on the detected AC signal processor 28 assesses,
for each of the respective electrodes 22A, 22B, ...22N,
the electrode acquired the ECG signal while being in firm
physical contact with tissue, as described above.
[0048] If, at a decision step 76, processor 28 assesses
that a given distal electrode is not in physical contact with
tissue, processor 28 discards the respective intra-cardiac
ECG signals (e.g., ignores it), at a dropping step 78. If
processor 28 assesses that a given distal electrode is in
physical contact with tissue, then processor 28 uses the
acquired intra-cardiac ECG signals, at an ECG signals
usage step 80, for example by unit 42 processing it to
include information embedded in the ECG signal in an
electro-anatomical map 31.
[0049] The procedure may be iterated (i.e., return to
step 70) at a same location over cardiac tissue, or, after
a repositioning of catheter 29, performed at another lo-
cation on the inner surface of a cardiac chamber of heart
23.
[0050] The example flow chart shown in Fig. 3 is cho-
sen purely for the sake of conceptual clarity. In alternative
embodiments, various additional methods and/or sen-
sors may be applied in parallel to assess physical contact
of one or more electrodes 22 with tissue, for example,
based on their locations as measured by the ACL method
described above.
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[0051] It will be appreciated that the embodiments de-
scribed above are cited by way of example, and that the
present invention is not limited to what has been partic-
ularly shown and described hereinabove. Rather, the
scope of the present invention includes both combina-
tions and subcombinations of the various features de-
scribed hereinabove, as well as variations and modifica-
tions thereof which would occur to persons skilled in the
art upon reading the foregoing description and which are
not disclosed in the prior art. Documents incorporated by
reference in the present patent application are to be con-
sidered an integral part of the application except that to
the extent any terms are defined in these incorporated
documents in a manner that conflicts with the definitions
made explicitly or implicitly in the present specification,
only the definitions in the present specification should be
considered.

Claims

1. A system, comprising:

signal acquisition circuitry, which is configured
to receive from an intra-cardiac probe multiple
intra-cardiac signals acquired by multiple elec-
trodes of the probe, and to further receive a com-
mon ground signal for the multiple intra-cardiac
signals, and to digitize the intra-cardiac signals
relative to the common ground signal so as to
produce multiple digital signals;
an oscillator circuit, which is configured to gen-
erate an Alternating Current (AC) signal and to
apply the AC signal to the common ground sig-
nal provided to the signal acquisition circuitry;
and
a processor, configured to detect the AC signal
in the multiple digital signals, and to assess,
based on the detected AC signal, respective
qualities of physical contact between the elec-
trodes and cardiac tissue.

2. The system according to claim 1, wherein the oscil-
lator circuit is configured to generate and apply the
AC signal at two or more AC frequencies.

3. The system according to claim 2, wherein the oscil-
lator circuit is configured to generate and apply the
two or more AC frequencies simultaneously.

4. The system according to claim 2, wherein the oscil-
lator circuit is configured to vary the AC signal over
time between the two or more AC frequencies.

5. The system according to claim 2, wherein the proc-
essor is configured to assess the qualities of physical
contact by detecting, per intra-cardiac signal, wheth-
er the detected AC signal matches a frequency re-

sponse of blood or of cardiac tissue.

6. The system according to claim 1, wherein the proc-
essor is configured to assess the respective qualities
of physical contact based on one or more AC signals
uploaded from a memory.

7. The system according to claim 1, wherein the proc-
essor is configured to assess the respective qualities
of physical contact in real-time.

8. The system according to claim 1, wherein the acqui-
sition circuitry comprises at least one Analog-to-Dig-
ital Converter (ADC), which is configured to simulta-
neously digitize at least one of the intra-cardiac sig-
nals and the corresponding AC signal.

9. A method, comprising:

receiving from an intra-cardiac probe multiple
intra-cardiac signals acquired by multiple elec-
trodes of the probe, further receiving a common
ground signal for the multiple intra-cardiac sig-
nals, and digitizing the intra-cardiac signals rel-
ative to the common ground signal so as to pro-
duce multiple digital signals;
generating an Alternating Current (AC) signal
and applying the AC signal to the common
ground signal provided to the signal acquisition
circuitry; and
detecting the AC signal in the multiple digital sig-
nals, and assessing, based on the detected AC
signal, respective qualities of physical contact
between the electrodes and cardiac tissue.

10. The method according to claim 9, wherein generat-
ing and applying the AC signal comprises generating
and applying the AC signal at two or more AC fre-
quencies.

11. The method according to claim 10, wherein gener-
ating and applying the AC signal comprises gener-
ating and applying the AC signal at the two or more
AC frequencies simultaneously.

12. The method according to claim 10, wherein gener-
ating and applying the AC signal comprises varying
the AC signal over time between the two or more AC
frequencies.

13. The method according to claim 10, wherein assess-
ing the qualities of physical contact comprises as-
sessing the qualities of physical contact by detecting,
per intra-cardiac signal, whether the detected AC
signal matches a frequency response of blood or of
cardiac tissue.

14. The method according to claim 9, wherein assessing
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the qualities of physical contact comprises assess-
ing the qualities of physical contact based on one or
more AC signals uploaded from a memory.

15. The method according to claim 9, wherein assessing
the qualities of physical contact comprises assess-
ing the qualities of physical contact in real-time.

16. The method according to claim 9, wherein digitizing
the intra-cardiac signals relative to the common
ground signal comprises simultaneously digitizing at
least one of the intra-cardiac signals and the corre-
sponding AC signal using an Analog-to-Digital Con-
verter (ADC).
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摘要(译)

一种系统，包括信号采集电路，振荡器电路和处理器。 信号采集电路被
配置为从心脏内探针接收由探针的多个电极采集的多个心脏内信号，并
且还接收用于多个心脏内信号的公共接地信号。 信号采集电路还被配置
为相对于公共接地信号将心内信号数字化，以产生多个数字信号。 振荡
器电路被配置为产生交流（AC）信号，并将AC信号施加到提供给信号采
集电路的公共接地信号。 处理器被配置为检测多个数字信号中的AC信
号，并且基于检测到的AC信号来评估电极与心脏组织之间的物理接触的
相应质量。
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