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(7) ABSTRACT

A method for acquiring electrical signals from a living
subject, including injecting, via an injection electrode
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 levels, and applying
the respective weighting factors to physiological signals
acquired by the input electrodes, so as to generate respective
corrected physiological signals.
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MULTI-CHANNEL ECG MEASUREMENT

FIELD OF THE INVENTION

[0001] The present invention relates generally to improve-
ment in the accuracy of signal measurement, and reduction
of interference in signal measurement, and specifically to
reduction of interference in electrocardiograph (ECG) mea-
surements.

BACKGROUND OF THE INVENTION

[0002] Electrocardiograph (ECG) signals include signals
that are measured from leads external to the heart, typically
that are attached to the body surface (BS), as well as those
from intra-cardiac (IC) electrodes contacting the heart. The
signals are inherently relatively low level signals and have
relatively high impedance sources. Because of this and other
environmental factors, in medical procedures such as map-
ping the electrical activity of the heart, the measurements are
typically relatively noisy. A system to increase the accuracy
of the measurements, and to reduce the effect of the noise on
the measurements would be beneficial.

SUMMARY OF THE INVENTION

[0003] An embodiment of the present invention provides
a method for acquiring electrical signals from a living
subject, including;

[0004] injecting, via an injection electrode attached to the
subject, a known calibration signal to the subject;

[0005] measuring respective levels of output signals gen-
erated at input electrodes attached to the subject in response
to the calibration signal;

[0006] deriving respective weighting factors for the input
electrodes in response to the respective levels; and

[0007] applying the respective weighting factors to physi-
ological signals acquired by the input electrodes, so as to
generate respective corrected physiological signals.

[0008] Typically the physiological signals include signals
generated from electrophysiological processes occurring in
the subject.

[0009] In a disclosed embodiment the physiological sig-
nals include signals generated externally to the subject, and
which are coupled into the subject.

[0010] In a further disclosed embodiment the known cali-
bration signal has a preset frequency, and measuring respec-
tive levels of the output signals includes measuring the
respective levels at the preset frequency.

[0011] In a yet further disclosed embodiment the respec-
tive levels include respective amplitude levels generated at
the input electrodes, and the respective weighting factors are
derived in response to inverse values of the respective
amplitude levels. Alternatively or additionally, the respec-
tive levels may include respective phase levels generated at
the input electrodes, and the respective weighting factors
may be derived in response to negative values of the
respective phase levels.

[0012] In an alternative embodiment the physiological
signals include bipolar signals, and the corrected physiologi-
cal signals include corrected bipolar signals. Alternatively or
additionally, the physiological signals include unipoiar sig-
nals, and the corrected physiological signals include cor-
rected unipoiar signals.

[0013] In a further alternative embodiment the input elec-
trodes include three electrodes respectively attached to a
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right arm (RA), a left arm (LA), and a left leg (LL) of the
subject, and applying the respective weighting factors to the
three physiological signals acquired by the three electrodes
includes averaging the three corrected physiological signals
generated from the three electrodes to provide a reference
signal.

[0014] There is further provided, according to an embodi-
ment of the present invention, apparatus for acquiring elec-
trical signals from a living subject, including:

[0015] an injection electrode attached to the subject;
[0016] input electrodes attached to the subject; and
[0017] a processor, which is configured to:

[0018] inject a known calibration signal to the subject via

the injection electrode,

[0019] measure respective levels of output signals gener-
ated at the input electrodes in response to the calibration
signal,

[0020] derive respective weighting factors for the input
electrodes in response to the respective levels, and

[0021] apply the respective weighting factors to physi-
ological signals acquired by the input electrodes, so as to
generate respective corrected physiological signals.

[0022] The present disclosure will be more fully under-
stood from the following detailed description of the embodi-
ments thereof, taken together with the drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 11is a schematic illustration of a multi-channel
electrocardiograph (ECG) signal measurement system,
according to an embodiment of the present invention;
[0024] FIG. 2 is a schematic block diagram of an ECG
module, according to an embodiment of the present inven-
tion; and

[0025] FIG. 3 is a flowchart of steps performed by a
processor in operation of the multi-channel ECG signal
measurement system, according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

Overview

[0026] An embodiment of the present invention provides
a system for measuring and compensating channel inaccu-
racy caused by pick up from sources and channel component
variations. The measurement and compensation is typically
necessary because the subject may be in an environment
where she/he picks up extraneous electrical signals, such as
power line signals. The physiological signals may comprise
any electrical signals generated by electrical activity of the
subject, such as electromyograph (EMG), electroencepha-
lograph (EEG), or electrocardiograph (ECG) signals. For
simplicity, the following description assumes the electrical
signals are ECG signals.

[0027] In order to provide the correction, a known cali-
bration signal is injected into the subject via an injection
reference electrode attached to the subject. The calibration
signal typically comprises a spectrum of frequencies. Input
electrodes are also attached to, or connected to, the subject.
The electrodes, in the case of ECG, receive body surface
(BS) ECG signals from electrodes attached to the skin of the
subject, and/or intra-cardiac (IC) ECG signals from elec-
trodes that are typically on one or more catheters in the
subject’s heart.
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[0028] A processor measures levels of signals that are
simultaneously received by the input electrodes in response
to the calibration signal, and for each input electrode the
processor compares the measured signals to the calibration
signal. The comparison may be performed for the ampli-
tudes and the phases of the signals over the spectrum of
frequencies of the injected signal. From the comparison, the
processor derives respective weighting factors for each of
the input electrodes. The weighting factors are a measure of
the effect of the injected signal at the respective input
electrodes.

[0029] For each of the input electrodes the processor
applies the weighting factors to physiological signals
acquired by the electrodes, in the example described here
ECG signals, to obtain corrected physiological signals.
[0030] The corrected signals may be in unipolar or bipolar
form. Signals, as corrected by embodiments of the present
invention, have a significant improvement in measured
accuracy compared to the uncorrected signals, as well as in
comparison with prior art systems. In addition, the corrected
signals, as generated by embodiments of the present inven-
tion substantially reduce, or even eliminate, the effects of
extraneous signals such as power line signals that may
interfere with signals generated by the subject.

[0031] The system described herein may be used for
real-time monitoring of parameters associated with acquisi-
tion of physiological signals, such as parameters measuring
differences between the channels and circuits associated
with the electrodes acquiring the signals. The differences
typically include deviations in operating parameters of com-
ponents associated with the channels, as well changes in
electrode-tissue contact impedances. An additional advan-
tage provided by the system is excellent common-mode
rejection of externally induced signals, such as those from
power lines.

[0032] In one embodiment of the present invention, an
equivalent of a Wilson central terminal (WCT) generated by
acquiring respective physiological signals from input elec-
trodes attached to the right arm, the left arm, and the left leg
of the subject. The calibration signal is injected into the right
leg of the subject. The three corrected signals from the input
electrodes are averaged to produce a reference ground level.
The reference signal for other channels. This reference
signal may be used as the reference of unipolar signals, and
provides a more exact reference than prior art grounds
because of the corrections applied to the three input elec-
trode physiological signals.

System Description

[0033] Reference now made to FIG. 1, which is a sche-
matic illustration of a multi-channel electrocardiograph
(ECG) signal measurement system 10, according to an
embodiment of the present invention.

[0034] For simplicity and clarity, the following descrip-
tion, except where otherwise stated, assumes an investiga-
tive procedure wherein system 10 senses body surface (BS)
electrical signals from a heart 34 of a subject 26. However,
embodiments of the present invention may be applied to
both BS and intra-cardiac (IC) electrical signals. IC signals
are typically acquired using a probe 24 which has a distal
end 32 having one or more IC electrodes 22.

[0035] In order to sense BS electrical signals, electrodes
30A,30B, 30C, . . . are attached to the skin of subject 26 by
respective leads 31A, 31B, 31C, . . . . In the present
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disclosure electrodes 30A, 30B, 30C, . . . are collectively
termed electrodes 30 and leads 31A, 31B, 31C, . . . are
collectively termed leads 31. In a typical ECG procedure
where only BS electrical signals are measured, there are ten
electrodes 30 attached to the skin of subject 26 in standard
positions: right arm, left arm, right leg, left leg, as well as six
electrodes in the region of heart 34. In FIG. 1 four electrodes
30A, 308, 30C, and 30D, are illustrated, and are assumed to
be respectively attached to the right leg, left leg, right arm,
and the left arm of subject 26. For clarity, only two elec-
trodes 30E and 30J of the six electrodes attached in the
region of heart 34, for the typical ECG procedure referred to
above, are shown in. FIG. 1.

[0036] However, there may be more than ten, or fewer
than ten, electrodes 30 in some ECG procedures, and there
is no restriction on the number of electrodes 30 for embodi-
ments of the present invention. Similarly, in the case of IC
electrical signals, there is no restriction on the number of IC
electrodes 22 which may be used in system 10. It will be
understood that each electrode (of electrodes 30 and elec-
trodes 22) defines a respective channel of system 10.

[0037] Typically, probe 24 comprises a catheter which is
inserted into the body of a subject 26 during a medical
procedure performed by a user 28 of system 10. In the
description herein user 28 is assumed, by way of example,
to be a medical professional.

[0038] System 10 may be controlled by a system processor
40, comprising a processing unit 42 communicating with a
memory 44. Processor 40 is typically mounted in a console
46, which comprises operating controls 38, typically includ-
ing a pointing device 39 such as a mouse or trackball, that
professional 28 uses to interact with the processor. The
processor uses software, including an ECG module 36,
stored in memory 44, to operate system 10. Results of the
operations performed by processor 40 are presented to the
professional on a display 48, which typically presents a
graphic user interface to the user, a visual representation of
the ECG signals sensed by electrodes 22 and/or electrodes
30, and/or an image or map of heart 34 while it is being
investigated. The software may be downloaded to processor
40 in electronic form, over a network, for example, or it may,
alternatively or additionally, be provided and/or stored on
non-transitory tangible media, such as magnetic, optical, or
electronic memory.

[0039] ECG module 36 is coupled to receive electrical
signals from electrodes 22 and electrodes 30. The module is
configured to analyze the signals and may present the results
of the analysis in a standard ECG format, typically a
graphical representation moving with time, on display 48.
The structure and operation of module 36 is described in
more detail below with respect to FIG. 2 and FIG. 3.

[0040] FIG. 2 is a schematic block diagram of ECG
module 36, according to an embodiment of the present
invention. In FIG. 2, the identifiers for electrodes 30A, 30B,
30C, and 30D have been appended with identifiers of the
respective limb, right leg (RL), left leg (LL), right arm (RA),
and left arm (LLA) to which the electrodes are attached. In the
disclosure electrodes 30E, 30F, 30G, 30H, 301, and 30J may
also respectively be identified by voltage identifiers V1, V2,
V3, V4, V5, and V6. FIG. 2 illustrates electrodes 30E and
30J having appended voltage identifiers V1, V6. For clarity,
in the figure BS electrodes 30 are shown as solid circles,
whereas IC electrodes 22 are shown as open circles.
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[0041] Except for the circuitry within module 36 that is
connected to electrode 30A, on the right leg of subject 26,
the circuitry within module 36 that is connected to each of
the other electrodes 30, and to electrodes 22, is substantially
similar. The following description applies to the circuitry
connected to BS electrode 30E, and applies, with an appro-
priate change of suffix letter, to the circuitry connected to ail
the other electrodes 30 except for electrode 30A. The
description also applies to the circuitry connected to the one
or more IC electrodes 22.

[0042] Electrode 30E is connected via a lead 31E to a
protection device 60E, typically a voltage suppressor.
Device 60E insulates components of module 36 from
unwanted currents or voltages that may be generated in
subject 26, such as those generated from defibrillation or
ablation procedures.

[0043] The signals present at electrode 30E are typically
generated from electrophysiological processes occurring in
subject 26, such as the ECG signals associated with the
beating of heart 34. The signals present at electrode 30E may
also include signals that have been generated externally to
subject 26, which are picked up by, or coupled into, the
subject, and which are transferred to the electrode via the
subject. Such latter signals include electrical signals gener-
ated by power line pickup of subject 26.

[0044] Signals at electrode 30E include physiological sig-
nals as well as a signal generated in response to a signal
injected into subject 26, described in more detail below. The
signals at electrode 30E are conveyed to device 60E. After
traversing device 60F, the output signals are amplified in a
low-noise high-impedance amplifier 62E, and the amplified
output signals are then digitized in an analog to digital
converter (ADC) 64E. In one embodiment ADC 64E com-
prises an ADS1271 produced by Texas Instruments, Dallas,
Tex. The digitized data from electrode 30E, and the digitized
data from all the other electrodes apart from electrode 30A,
are transferred to an ECG processing unit 66 for analysis in
a signal analyzer 68 in the unit.

[0045] Electrode 30A is connected to a protection device
60A. However, rather than signals originating in subject 26
being transferred via the electrode to unit 66, the electrode
is configured to inject signals into the subject. The signal
injection occurs at the region of subject 26 where electrode
30A is attached, i.e., at the right leg of the subject.

[0046] The injected signals are generated by a digital
signal generator 70, which supplies digitized values to a
digital to analog converter (DAC) 72. DAC 72 converts the
digital data from generator 70 to an analog signal, and the
analog signal is transferred via a buffer amplifier 74 to
electrode 30A.

[0047] FIG. 3 is a flowchart of steps performed by pro-
cessor 40 in operation of system 10, according to an embodi-
ment of the present invention. The description of the flow-
chart assumes that the typical system of ten electrodes 30 is
attached to the skin of subject 26. Those having ordinary
skill in the art will be able to adapt the description for the
case where other electrodes operate within subject 26, such
as having at least some IC electrodes 22 positioned in heart
34 to generate 1C signals, and/or for other numbers of
electrodes 30. The flowchart description also assumes that
ECG measurements of subject 26 are to be made while the
steps of the flowchart are performed, i.e., simultaneously
with the performance of the flowchart steps.
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[0048] 1In the description of the flowchart, electrode 30A
may be referred to as the reference signal injection electrode,
the reference electrode, or the injection electrode. Tn addi-
tion, electrodes 30B-30] may be referred to as the signal
receiving electrodes, or as the input electrodes.

[0049] In an initial step 100 ten electrodes 30 are attached
to the skin of subject 26, the electrodes being positioned
substantially as described above with reference to FIG. 1.
The electrodes are connected to ECG module 36, via console
46, as shown in FIG. 2.

[0050] Ina signal generation step 102, signal generator 70
generates a digital signal having n pre-selected frequencies
f, f,, . .. £, with respectively n pre-selected phases ¢,, ¢,,
... ¢,, where n is an integer equal to 1 or more. The signal
is input to DAC 72, and the analog signal from DAC 72 is
amplified by amplifier 74. For each frequency f, f,, . . . f,
a respective amplification factor A, A,, .. . A, of amplifier
74 is set, typically by processing unit 66, so that the level of
the signal output by the amplifier is a known, pre-selected,
value for all n frequencies.

[0051] Frequencies f}, f,,. .. f, aretypically selected to be
in a range comprising expected ECG signal frequencies, and
expected power line interference frequencies. The latter are
typically approximately 50 Hz or 60 Hz. The former are
typically in the range of approximately 1 Hz to approxi-
mately 1000 Hz. However, there is no requirement that the
frequencies of the signal generated by generator 70 are
within the values listed above, and frequencies f, f,, . .. f,
may be outside these values.

[0052] An expression for a calibration signal input to
electrode 30A is given by:

Sea=S{V) 1

[0053] where S, is an input function, typically a sinusoidal
function, of a vector V,,

[0054] vector V, is a 3n-dimensional input vector having
elements defining the amplitude, frequency, and phase of the
n different signals, i.e.,

[0055] V,=(A, Ay o Ayt B Oy G- )
[0056] and
[0057] S, is the calibration signal injected to electrode

30A; the levels of calibration signal S_,, are assumed to be
measured relative to an isolated ground of ECG module 36.
[0058] The n different signals of the injected calibration
signal S__,, may be applied sequentially. Alternatively, at
least some of the n different signals of S_,; may be applied
simultaneously.

[0059] In some embodiments, calibration signal S_,, is
modulated, typically by a suitable analog or digital modu-
lation technique, in order to facilitate detection of the signals
resulting from the injected calibration signal. Such modu-
lation of the calibration signal enables processor 40 to
distinguish signals resulting from the injected signal, even if
such signals have frequencies similar to physiological sig-
nals (such as ECG or induced power line signals) generated
in, or transferred via, subject 26 and defined above. The
detection of the resulting signals is described below.
[0060] Injected calibration signal S_, is conveyed to the
injection electrode, and the injected signal simultaneously
produces corresponding output signals at the input elec-
trodes attached to subject 26. These corresponding output
signals are superimposed on physiological signals and
picked-up noise on the input electrodes that are generated by
other sources. Such other sources include the EGG signals

cal
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generated by the beating of heart 34, as well as external
sources such as radiative, inductive, or capacitive coupling
from power line instruments in the vicinity of subject 26.

[0061] In a signal acquisition step 104, signals from the
input electrodes are acquired by signal analyzer 68. Using
the known frequencies f), f,, . . . £, of calibration signal S_,,
, together with any modulation parameters that may have
been applied to the calibration signal, the signal analyzer
uses phase sensitive detection to determine values of the
effective signal induced at the electrode by the calibration
signal.

[0062] An expression for the induced effective signal that
is generated at an input electrode E, is given by:

St E)=So (Vo) @
[0063] where E, is an identifier of the input electrode,
[0064] S, is an output function of an output vector V__,
and
[0065] vector V, is a 3n-dimensional output vector hav-

ing elements defining the amplitude, frequency, and phase of
the n different signals at the input electrode, i.e.,

[0066] VOE(AaOI’ ‘A‘aozs trt Aaon’ fl’ fZ’ A f}’l’ q)aolﬂ q)aoZ’
c o Paon)s

[0067] and

[0068] S,4E,) is the effective output signal formed at

input electrode E_ by the injected calibration signal S_,.
[0069] Output function S, is typically similar to input
function S;, so that if the latter is sinusoidal S, is also
sinusoidal.

[0070] It will be understood that while vectors V,and V
typically have differing values of amplitude and phase
elements, they have common frequency elements f,, £, . . .

f,

-
[T}

[0071] In the following description, “a” is assumed to be
an integer between 1 and 9, corresponding to the nine BS
input electrodes attached to subject 26. Alternatively, where
appropriate, “a” may be one of RA, LA, LL, V1, ... V6.

[0072] Steps 102 and 104 are typically implemented dur-
ing substantially the whole course of a procedure being
performed on subject 26. In some embodiments the steps are
implemented intermittently, so that there are some times
during a procedure when there is no injection of a calibration
signal into the subject. In the case of an intermittent imple-
mentation, results (described below) obtained during the
step implementation may be used when the steps are not
implemented, i.e., when there is no calibration signal injec-
tion. Also, in the case of intermittent implementation, the
calibration signal is injected into subject 26 over a period of
time sufficient to attain values of S, (E,) for each input
electrode E|, . . . Eg that have acceptable signal to noise
values.

[0073] In a collation step 106, the different output values
of the amplitudes and phases of V _, for the different
frequencies f}, . . . f,, are compared with the respective input
levels of V,. The comparison is performed for each input
electrode E,. For each input electrode, the comparison
typically comprises forming a ratio of the output to the input
amplitude levels and a difference of the phase levels. From
the comparison, a set of 2n dimensional correction vectors
(CFE,, ... (CFE,, ... (OFE,, for each of the electrodes E,,

E,, ... Egis formed.

a
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[0074] An equation for correction vector (C)E,, is:
AﬂO AGOIL 3
(OO =( 55 s S ot =01 - (Gaon = 60) ©
[0075] 2n dimensional vector (C)E, comprises a set of n

amplitude elements

Aot
A

and a set of n phase elements (¢_,,-¢,), . . . . The amplitude
elements are also referred to generically as {A .}, and the
phase elements are also referred to generically as {¢,,}.
Each vector (C)E, formed in step 106 represents the signal
resulting at the respective input electrode E, in response to
the calibration signal injected at the injection electrode 30A.
[0076] Inspection of equation (3) demonstrates that the
elements of correction vector (C)E, provide a numerical
measure of the comparative effects of a signal injected into
subject 26.

[0077] Typically, the differences in response at the differ-
ent input electrodes, illustrated by the differing values of the
elements of the correction vectors, are caused by multiple
factors. Such factors include electrode contact impedance
variations, differences in characteristics of electronic com-
ponents, temperature differences of the electrodes and/or
components connected to the electrodes, as well as the
power transfer from the injection electrode to the input
electrodes being non-uniform. As described below, embodi-
ments of the present invention use the measured values of
elements of the correction vectors to compensate for the
difference in response of the input electrodes.

[0078] As a numerical example of equation (3), calibration
signal S_,;, that is injected into the injection electrode, may
be formed of a 10 mV signal at a frequency of 30 Hz, and
a20 mV signal at a frequency of 100 Hz, both signals having
phases of 0. In this case (V,)=(10, 20, 30, 100, 0, 0).
[0079] At electrode E; measured values at 30 Hz may be
A, =4 mV, ¢,,,=+30° and at 100 Hz may be A, ,=12 mV,
$,,,=—=50°; at electrode Ey the measured values at 30 Hz
may be Ay ;=7 mV, ¢, =+20° and at 100 Hz may be
Ag2=16 mV, §g,,=+0°.

[0080] In this example, (C)E,=(0.4, 0.6, +30°, -50°), and
(C)E4=(0.7, 0.8, +20°, +0°).

[0081] The elements of the correction vectors provide a
numerical measure of how the injected signal affects each of
the electrodes E,, E,, . . . E,. In addition, comparison
between respective elements of the correction vectors pro-
vides a numerical measure of the relative effect on the
electrodes of the injected signal. Thus, from the examples
above, at the frequency of 30 Hz 40% of the injected signal
appears at electrode E,, whereas 70% appears at electrode
Eq. Consequently, electrode E¢ responds to the injected
signal by a factor of 0.7/0.4,=1.75, compared to electrode
E,.
[0082] In a weighting derivation step 108, processor 40
uses the elements of correction vectors C (E,) to formulate
weighting factors to be applied to signals from each of the
input electrodes. Application of the weighting factors to the
signals counteracts the component of the physiological
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signals that is generated externally to subject 26. Such
externally generated components are described above, and
embodiments of the present invention simulate an external
component by injection of the calibration signal into subject
26 from the injection electrode.

[0083] The weighting factors are typically formulated to
have an “opposite” effect to that shown by the elements of
the correction vectors.

[0084] Considering the amplitude elements of the correc-
tion vectors, corresponding amplitude weighting factors
may be formulated as inverse values to those of the ampli-
tude elements. In an embodiment of the present invention,
an equation for an amplitude weighting factor A, for
electrode E, is:

A= ki “
Age
[0085] where A__ is a generic amplitude element of cor-

rection vector (C)E, of electrode E_, and

[0086] Kk, is a constant.

[0087] Considering the phase elements of the correction
vectors, corresponding phase weighting factors may be
formulated as negatives of the values of the phase elements.
In an embodiment of the present invention, an equation for
a phase weighting factor ¢_,, for electrode E, is:

Pars P &)

[0088] where ¢, is a generic phase element of correction
vector (C)E,, of electrode E,, and

[0089] Kk, is a constant.

[0090] The description above illustrates the formulation of
weighting factors for the discrete frequencies f}, . . . f.
Processor 40 typically formulates sets of weighting factors
for other frequencies, or for frequency bands, typically by
interpolation or extrapolation.

[0091] Referring back to the numerical example of (C)E,
and (C)Eg, at 30 Hz the amplitude elements are respectively
0.4 and 0.6. Using equation (4) and arbitrarily setting k-1,
an amplitude weighting factor (at 30 Hz) for electrode E, is
2.5 and 1.2 for electrode E ;. However, any other convenient
amplitude weighting factors may be used, based on equation
(4). Using equation (5) and arbitrarily setting k,=0, a phase
weighting factor (at 30 Hz) for electrode E, is —30° and -20°
for electrode E .

[0092] In a weighting factor application step 110, proces-
sor 40 applies the weighting factors determined in step 108
to the physiological signals received at the input electrodes,
so as to generate corrected physiological signals.

[0093] Typically, processor 40 decomposes the physi-
ological signal acquired into frequency components, which
may comprise discrete frequencies or frequency bands,
using Fourier analysis.

[0094] For each frequency component there is an uncor-
rected amplitude and an uncorrected phase. The uncorrected
amplitude is multiplied by the appropriate amplitude weight-
ing factor from step 108 to form a corrected amplitude.
Similarly, the phase weighting factor from step 108 is added
to the uncorrected phase to form a corrected phase. The
corrected amplitude and corrected phase form a corrected
frequency component.

[0095] The processor then recombines the corrected fre-
quency components to form a corrected physiological sig-
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nal. The process of decomposition, correction, and recom-
bination of all the frequency components is applied
separately to the physiological signal of each input elec-
trode.

[0096] Application step 110 may be applied to signals that
are bipolar or unipolar. For bipolar signals, the physiological
signals from each of the two input electrodes generating the
bipolar signal are separately corrected, and a difference
between the two corrected signals is used as the corrected
bipolar signal. An alternative method for producing cor-
rected bipolar signals is described below.

[0097] It will be understood that application of the flow-
chart described above may be used for real-time monitoring
of parameters associated with acquisition of physiological
signals from a subject. Such parameters may indicate the
condition of the circuits associated with the electrodes
acquiring the signals, as well changes in electrode-skin
contact impedances.

[0098] In some embodiments a unipolar signal may be
measured relative to a group of input electrodes. Such a
unipolar signal may use an equivalent of Wilson’s central
terminal (WCT). In prior art systems WCT may typically be
formed by connecting RA, LA, and LL electrodes, i.e.,
electrodes 30B, 30C, and 30D via a resistive network, and
a central connection point is used as a reference ground.
[0099] In contrast, embodiments of the present invention
generate a WCT equivalent by acquiring respective physi-
ological signals from the RA, LA, and. LL electrodes. Each
signal is corrected as described above using a process of
decomposition, correction, then recombination, and the
three corrected signals are averaged to provide a reference
level that is used for forming the unipolar signal from a
given input electrode (other than the RA, LA, and LL
electrodes). Such a reference provides a better reference than
prior art Wilson central terminals, since the corrections
applied to the individual physiological signals of the RA,
LA, and. LL electrodes generate a more accurate reference.
[0100] The real-time capability of system 10, referred to
above, allows dynamic adjustment of the WCT equivalent
reference signal, permitting optimal common-mode rejec-
tion of external signals, such as power line pickup signals.
[0101] In some embodiments, a bipolar signal is formed
by measuring two unipolar signals using the WCT equiva-
lent described above. The bipolar signal is then formed by
finding the difference between the two unipolar signals.
[0102] The above description has assumed that the cali-
bration signal injected into subject 26 is injected into the
right leg of the subject. However, it will be appreciated that
this point of injection is selected by way of example, and
embodiments of the present invention may use any other
convenient location point on the subject as an injection
point.

[0103] The above description has also generally referred
to correction of ECG signals. However, it will be understood
that embodiments of the present invention apply to correc-
tion of substantially any electrical signals generated by
electrical activity of a living subject.

[0104] It will be appreciated that the embodiments
described above are cited by way of example, and that the
present invention is not limited to what has been particularly
show and described hereinabove. Rather, the scope of the
present invention includes both combinations and subcom-
binations of the various features described hereinabove, as
well as variations and modifications thereof which would
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occur to persons skilled in the art upon reading the foregoing
description and which are not disclosed in the prior art.
1. A method for acquiring electrical signals from a living
subject, comprising:
injecting, via an injection electrode attached to the sub-
ject, a known calibration signal to the subject;

measuring respective levels of output signals generated at
input electrodes attached to the subject in response to
the calibration signal,

deriving respective weighting factors for the input elec-

trodes in response to the respective levels; and
applying the respective weighting factors to physiological

signals acquired by the input electrodes, so as to

generate respective corrected physiological signals.

2. The method according to claim 1, wherein the physi-
ological signals comprise signals generated from electro-
physiological processes occurring in the subject.

3. The method according to claim 1, wherein the physi-
ological signals comprise signals generated externally to the
subject, and which are coupled into the subject.

4. The method according to claim 1, wherein the known
calibration signal has a preset frequency, and wherein mea-
suring respective levels of the output signals comprises
measuring the respective levels at the preset frequency.

5. The method according to claim 1, wherein the respec-
tive levels comprise respective amplitude levels generated at
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the input electrodes, and wherein the respective weighting
factors are derived in response to inverse values of the
respective amplitude levels.

6. The method according to claim 1, wherein the respec-
tive levels comprise respective phase levels generated at the
input electrodes, and wherein the respective weighting fac-
tors are derived in response to negative values of the
respective phase levels.

7. The method according to claim 1, wherein the physi-
ological signals comprise bipolar signals, and wherein the
corrected physiological signals comprise corrected bipolar
signals.

8. The method according to claim 1, wherein the physi-
ological signals comprise unipolar signals, and wherein the
corrected physiological signals comprise corrected unipolar
signals.

9. The method according to claim 1, wherein the input
electrodes comprise three electrodes respectively attached to
aright arm (RA), a left arm (LA), and a left leg (LL) of the
subject, and wherein applying the respective weighting
factors to the three physiological signals acquired by the
three electrodes comprises averaging the three corrected
physiological signals generated from the three electrodes to
provide a reference signal.

10-18. (canceled)



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

S EREEEE

BEX)

—MATMNEMFRIBESNE L, SFLHNETRHENESH®B
REZRETHCANRERS , ANBBNTREMMETZHEN
WABRRLFENRAEESNEEKTES, ZFEEaF@ET &N
R3S Hm ABROMEMMREF , FHFENMREFREATHEAR

RN ERES , MEFEZENREEEES.

ZEELERNE
US20170143275A1 N (E)H
US15/421560 HiEA

S B E M E AR TR AT
£ BEF BRI (&5 ) LTD.

EYEBRF ARG (85 ) LTD.

LEVIN MICHAEL
BAR TAL MEIR

LEVIN, MICHAEL
BAR-TAL, MEIR

patsnap

2017-05-25

2017-02-01

A61B5/00 A61B5/0402 A61B5/042 A61B5/0478 A61B5/0492 A61B5/0428 A61B5/04

A61B5/7217 A61B5/04286 A61B5/04028 A61B5/7228 A61B5/04012 A61B2562/0209 A61B5/0492
A61B5/6824 A61B5/6828 A61B5/042 A61B2560/0223 A61B5/0478 A61B5/04001 A61B5/0402 A61B5

/04085 A61B5/7203
US10238344

Espacenet USPTO

PROCESSING
_NT_

] P
f MEMORY
44

SYSTEM PROCESSOR

5


https://share-analytics.zhihuiya.com/view/b734efd5-832f-4472-b4d6-4ce8e3b8677c
https://worldwide.espacenet.com/patent/search/family/049709551/publication/US2017143275A1?q=US2017143275A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220170143275%22.PGNR.&OS=DN/20170143275&RS=DN/20170143275

