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(67)  Theinvention relates to a biopotential signal ac-
quisition system (100) comprising: an analogue readout
unit (10) configured to receive an analogue biopotential
signal (BS1), which may be acquired from at least one
electrode attached to a body; and to extract an analogue
measured biopotential signal (BS2) and an analogue ref-
erence signal (REF1); an ADC unit (20) configured to
provide a digital version of the analogue measured bio-
potential signal (BS2) and the analogue reference signal
(REF1); a digital filter unit (40) configured to calculate a

System and a method for acquisition of biopotential signals with motion artifact reduction.

digital motion artifact estimate (MA) based on the digital
version of the measured biopotential signal (BS2) and
the reference signal (REF1). The system further com-
prises a reference signal processing unit (30) configured
to convert the reference signal (REF1) into a new refer-
ence signal (REF2) being provided to the digital filter unit
(40) based on the correlation between the measured bi-
opotential signal (BS2) and the reference signal (REF1).
The invention also relates to an electronic device and a
method for acquisition of biopotential signals.
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Description
Technical Field

[0001] Thepresentinventionrelates generally to the field of biopotential signal acquisition systems and more specifically
to a system and a method for acquisition of biopotential signals with motion artifact reduction using digital adaptive filtering.

Background

[0002] Ambulatory monitoring of biopotential signals, such as electrocardiogram (ECG), electroencephalogram (EEG),
electromyogram (EMG), etc., is a highly relevant topic in personal healthcare. A key technical challenge in such application
environments is overcoming motion artifacts that significantly affect the recorded biopotential signals. An approach to
reduce motion artifacts is by using digital adaptive filtering. For example, a known biomedical acquisition system with
motion artifact reduction is disclosed in EP 2 591 720 A1, which uses digital adaptive filtering (e.g. a LMS filter), imple-
mented in a digital domain, to calculate a motion artifact estimate which is then fed back to the analogue domain and
subtracted from the measured ECG before final amplification. Another known technique for motion artifact removal using
a two-stage cascade LMS adptive filter is disclosed in the document "Motion Artifact Removal using Cascade Adaptive
Filtering for Ambulatory ECG Monitoring System", by Hyejung Kim et al., Biomedical Circuits and Systems Conference
(BioCAS), November 2012 IEEE, Hsinchu, Taiwan.

Summary

[0003] According to one aspect of the present invention, a new biopotential signal acquisition system is provided with
improved motion artifact reduction. According to another aspects the invention is advantageous for ambulatory and/or
low power biopotential monitoring applications.

[0004] According to an exemplary embodiment, there is provided a biopotential signal acquisition system comprising:
an analogue readout unit configured to receive an analogue biopotential signal and to extract, from thatreceived analogue
biopotential signal, an analogue measured biopotential signal and an analogue reference signal; an ADC unit configured
to provide a digital version of the analogue measured biopotential signal and the analogue reference signal; a digital
filter unit configured to calculate a digital motion artifact estimate based on the digital version of the measured biopotential
signal and the reference signal; and wherein the system further comprises a reference signal processing unit configured
to convert the reference signal into a new reference signal being provided to the digital filter unit based on the correlation
between the measured biopotential signal and the reference signal. The received analogue biopotential signal may be
acquired, for example, from at least one electrode attached to a living being’s body.

[0005] According to an exemplary embodiment, the correlation between the measured biopotential signal and the
reference signal may be estimated by calculating the correlation between the motion artifact estimate signal and the
reference signal.

[0006] According to an exemplary embodiment, the correlation between the measured biopotential signal and the
reference signal may be estimated by calculating the correlation between the analogue biopotential signal and the
reference signal.

[0007] According to an exemplary embodiment, the polarity of the new reference signal may be calculated based on
the correlation between the measured biopotential signal and the reference signal. The polarity of the new reference
signal may be the same or opposite to the polarity of the reference signal depending on the correlation between the
measured biopotential signal and the reference signal.

[0008] According to an exemplary embodiment, the reference signal processing unit may be implemented in an ana-
logue domain part or digital domain part of the system.

[0009] According to an exemplary embodiment, the digital filter unit may implement or runs a digital adaptive filter,
such as, for example an LMS filter.

[0010] According to an exemplary embodiment, the reference signal may be an electrode-tissue impedance signal.
According to an exemplary embodiment, the analogue biopotential signal may be an ECG signal.

[0011] There is also provided and electronic device comprising a biopotential signal acquisition system according to
any of the embodiments herein described.

[0012] Thereis also provided a method for acquisition of biopotential signals, comprising: extracting, from an analogue
biopotential signal, an analogue measured biopotential signal and an analogue reference signal; converting the reference
signal into a new reference signal based on the correlation between the measured biopotential signal and the reference
signal; and calculating a digital motion artifact estimate based on the digital version of the measured biopotential signal
and the new reference signal.

[0013] Certain objects and advantages of various new and inventive aspects have been described above. It is to be



10

15

20

25

30

35

40

45

50

55

EP 2 886 044 A1

understood that not necessarily all such objects or advantages may be achieved in accordance with any particular
embodiment of the present invention. Those skilled in the art will recognize that the solution of the present invention
may be embodied or carried out in a manner that achieves or optimizes one advantage or group of advantages without
necessarily achieving other objects or advantages.

Brief description of the drawings

[0014] The above and other aspects of the system and method for acquisition of biopotential signals according to the
present invention will be shown and explained with reference to the non-restrictive example embodiments described
hereinafter.

Figure 1 shows afirstexemplary block diagram of a biopotential signal acquisition system according to an embodiment
of the invention.

Figure 2 shows a second exemplary block diagram of a biopotential signal acquisition system according to an
embodiment of the invention.

Figure 3 shows a flow diagram of a method for acquisition of biopotential signals according to an embodiment of
the invention.

Figure 4 illustrates exemplary graphs of signals generated in a biopotential signal acquisition system according to
an embodiment of the invention.

Detailed description

[0015] In the following, in the description of exemplary embodiments, various features may be grouped together in a
single embodiment, figure, or description thereof for the purpose of streamlining the disclosure and aiding in the under-
standing of one or more of the various inventive aspects. This is however not to be interpreted as the invention requiring
more features than the ones expressly recited in the main claim. Furthermore, combinations of features of different
embodiments are meant to be within the scope of the invention, as would be clearly understood by those skilled in the
art. Additionally, in other instances, well-known methods, structures and techniques have not been shown in detail in
order not to obscure the conciseness of the description.

[0016] Figure 1 shows a first exemplary block diagram of a biopotential signal acquisition system 100 according to
an embodiment of the invention. The system comprises an analogue domain part 50 configured to receive at least one
analogue biopotential signal BS1, which may be acquired, for example, from at least one sensor electrode attached to
a living being body, and comprises an analogue readout unit 10 which extracts at least one analogue measured biopo-
tential signal BS2 and at least one analogue reference signal REF1. The analogue measured biopotential signal BS2
and the analogue reference signal REF1 are then provided to an analogue-to-digital converter (ADC) unit 20, which
comprises one or more ADCs configured to convert those signals into digital versions which are then handled in the
digital domain part 60 of the system. A reference signal processing unit 30 receives the digital versions of the measured
biopotential signal BS2 and the reference signal REF1 and is configured to calculate a correlation between both signals
and generate a new reference signal REF2 based on the value of that correlation. Then, a digital filter unit 40 receives
the measured biopotential signal BS2 and the new reference signal REF2 and calculates an estimated noise or motion
artifact estimate MA, which is used to reduce the motion artifact from the measured biopotential signal.

[0017] According to an exemplary embodiment, the reference signal processing unit 30, based on the correlation value
between the measured biopotential signal BS2 and the reference signal REF 1, checks the polarity between both signals
and adapts the reference signal REF1 based on such polarity value. If the polarity information has a first value, indicating
that the reference signal REF1 has the same polarity as the measured biopotential signal BS2, then the reference signal
processing unit 30 provides a signal REF2 that is the same as reference signal REF1 to the digital filter unit 40; if the
polarity information has a second value, indicating that the reference signal REF1 has an opposite polarity than the
measured biopotential signal BS2, then the reference signal processing unit 30 provides a signal REF2 that has polarity
opposite to the polarity of the reference signal REF1.

[0018] According to an exemplary embodiment, the correlation value between the measured biopotential signal BS2
and the reference signal REF1 is calculated continuously. According to an exemplary embodiment, the correlation value
varies between a maximum value, e.g. +1, in the case of a perfect positive (increasing) linear relationship (correlation)
and a minimum value, e.g. -1, in case of a perfect decreasing (negative) linear relationship (anti-correlation), depending
on the degree of linear dependence between the signals. The polarity calculation is then performed by comparing the
calculated correlation value with a certain threshold value, which can be a certain predefined value or dynamically
calculated. According to an exemplary embodiment, in case the calculated correlation value is equal to and/or greater
than a certain threshold value, the polarity value is given a first value, e.g. 0, and in case the calculated correlation value
is equal to and/or lower than a certain threshold value, the polarity value is given a second value, e.g. 1. According to
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an exemplary embodiment, once the polarity value is updated, it is maintained for a certain period of time in order to
avoid oscillation.

[0019] According to an exemplary embodiment, the reference signal processing unit 30 generates a new reference
signal REF2, which is an adaptation of the received reference signal REF1. By using the polarity information, the new
reference input REF2 for the digital filter unit 40 is generated. The new reference signal REF2 is the same as the received
reference signal REF1 in case the received reference signal REF1 has the same polarity as the measured biopotential
signal BS2, and the new reference signal REF2 is a signal that has polarity opposite to the polarity of the reference
signal REF1 in case the received reference signal REF1 has an opposite polarity than the measured biopotential signal
BS2.

[0020] According to an exemplary embodiment, the correlation value between the measured biopotential signal BS2
and the reference signal REF1 may be also estimated by calculating the correlation between the estimated noise signal
or motion artifact estimate MA at the output of the digital filter unit 40 and the reference signal REF1. According to another
exemplary embodiment, the correlation value between the measured biopotential signal BS2 and the reference signal
REF1 may be estimated by calculating the correlation between the analogue biopotential signal BS1 and the reference
signal REF1.

[0021] Advantageously, according to an exemplary embodiment of the invention, the new reference signal REF2 has
higher correlation with the measured biopotential signal BS2, which improves the performance of the digital filter unit
40 for calculation of the motion artifact estimate MA. In consequence, the motion artifact estimate MA can be calculated
faster and with more accuracy, which in turn improves motion artifact reduction.

[0022] According to an exemplary embodiment, the biopotential signal acquisition system 100 works in real-time.
[0023] According to an exemplary embodiment, the analogue biopotential signal BS1 is an electrocardiogram signal
and the reference signal REF1 is an electrode-tissue impedance signal. Other reference signals could be used, such
as for example, a galvanic skin response (GSR), a photoplethysmogram (PPG) or a bio impedance signal.

[0024] According to an exemplary embodiment, the digital filter unit 40 may implement or run a digital adaptive filter,
for example, a Least Mean Square (LMS) filter. According to an exemplary embodiment, the reference signal processing
unit 30 may be implemented as part of the digital filter unit 40, for example, as part of the LMS filter. The digital filter unit
40 and the reference signal processing unit 30 may be implemented in hardware and/or software, in a dedicated digital
domain part 60 and in the same chip as the analogue part 50. According to an exemplary embodiment, the digital filter
unit 40 and the reference signal processing unit 30 may be implemented in hardware and/or software in an off-chip or
external microcontroller or microprocessor.

[0025] According to one exemplary embodiment, all the modules sown in Figure 1 may be integrated on a single chip.
This is advantageous for example to reduce the group delay for real time solution and/or to reduce the power consumption.
[0026] Figure 2 shows a second exemplary block diagram of a biopotential signal acquisition system 100 according
to an embodiment of the invention. Basically the same working principle as the one explained Figure 1 applies, but for
the fact that now the reference signal processing unit 30 is implemented in the analogue domain part 50 and adapts the
reference signal REF1 in such domain.

[0027] Figure 3 shows a simplified flow diagram of a method for acquisition of biopotential signals with motion artifact
reduction according to an embodiment ofthe invention. The method comprises, in afirst step 81, calculating the correlation
between a measured biopotential signal BS2 and a reference signal REF1; in a second step S2, calculating the polarity
between the measured biopotential signal BS2 and a reference signal REF1; and, in a third step S3, generating a new
reference signal REF2 which is provided to a digital filter unit for motion artifact estimation.

[0028] According to an exemplary embodiment, the correlation value between a measured biopotential signal BS2
and areference signal REF 1is calculated in afirst step $1. This may be done, in exemplary implementations, continuously
and with a certain sampling rate in order to reduce the active power consumption. According to exemplary implemen-
tations, the estimated motion artifact signal MA may be also used for calculating the correlation value according to the
equation:

Corr = (dataln_Aj—dataln_A]_g 1:])-(dataln_Bj—dataln_B]_gl:])
J 32

[0029] wherein Dataln_A is the motion artifact estimate signal MA, Dataln_B is the reference signal REF 1 and corr
is the correlation value. The sampling rate (32) may be changed and is a design option.

[0030] Accordingtoanexemplary embodiment, the correlation value may be +1 in case of a perfect positive (increasing)
linear relationship (correlation), and -1 in case of a perfect decreasing (negative) linear relationship (anti-correlation),
and some value between -1 and 1 in all other cases, indicating the degree of linear dependence between the variables.
As it approaches zero there is less of a relationship (closer to uncorrelated).
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[0031] According to an exemplary embodiment, after calculating the correlation value, a polarity calculation may be
performed, for example as a polarity change request signal, req_p, which is generated as the following equation:

red 1. = {0, Y.corr = CORR_TH
P = 1, Y corr < CORR_TH

[0032] Where corris the correlation value and CORR_TH is a certain threshold value. To avoid the oscillation, once
the polarity is updated, it may stay for a certain period of time, for example at least for 1 second. This period of time can
be programmed and is a design option.

[0033] According to an exemplary embodiment, by using polarity information, the new reference input REF2 for the
digital filter is updated as in the following equation:

refneg = REF_OFF X2 —refyos

refpos, polarity =0
refneg, polarity =1

refuo = |

[0034] where refpos is the reference input, and refneg is the reference signal with opposite polarity. REF_OFF is a
reference offset, which may be designed according to the acquisition environment such as subject, type of electrode,
quality of electrode, etc., and its value may be adjusted at the beginning, and updated regularly during the operation.
[0035] Figure 4 illustrates exemplary graphs of the measured biopotential signal BS2, the reference signal REF1 and
the new reference signal REF2 generated in a biopotential signal acquisition system according to an embodiment of the
invention. As illustrated in the figure, the new reference signal REF2 is an adaptation of the reference signal REF1, in
which the polarity of the reference signal REF 1 changed such that it has a higher correlation with the measured biopotential
signal BS2.

Claims
1. A biopotential signal acquisition system (100) comprising:

an analogue readout unit (10) configured to receive an analogue biopotential signal (BS1) and to extract, from
that received analogue biopotential signal, an analogue measured biopotential signal (BS2) and an analogue
reference signal (REF1);

an ADC unit (20) configured to provide a digital version of the analogue measured biopotential signal (BS2)
and the analogue reference signal (REF1);

a digital filter unit (40) configured to calculate a digital motion artifact estimate (MA) based on the digital version
of the measured biopotential signal (BS2) and the reference signal (REF1);

characterized in that

the system further comprises a reference signal processing unit (30) configured to convert the reference signal
(REF1) into a new reference signal (REF2) being provided to the digital filter unit (40) based on the correlation
between the measured biopotential signal (BS2) and the reference signal (REF1).

2. A biopotential signal acquisition system according to claim 1, wherein the correlation between the measured bio-
potential signal (BS2) and the reference signal (REF1) is estimated by calculating the correlation between the motion
artifact estimate signal (MA) and the reference signal (REF1).

3. A biopotential signal acquisition system according to claim 1 or 2, wherein the polarity of the new reference signal
(REF2) is calculated based on the correlation between the measured biopotential signal (BS2) and the reference
signal (REF1).
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A biopotential signal acquisition system according to claim 3, wherein the polarity of the new reference signal (REF2)
is the same or opposite to the polarity of the reference signal (REF1) depending on the correlation between the

measured biopotential signal (BS2) and the reference signal (REF1).

A biopotential signal acquisition system according to any of the previous claims, wherein the reference signal
processing unit (30) is implemented in an analogue domain part (50) or a digital domain part (60) of the system (100).

A biopotential signal acquisition system according to any of the previous claims, wherein the digital filter unit (40)
implements or runs a digital adaptive filter.

A biopotential signal acquisition system according to claim 6, wherein the digital adaptive filter is an LMS filter.

A biopotential signal acquisition system according to any of the previous claims, wherein the reference signal (REF 1)
is an electrode-tissue impedance signal.

A biopotential signal acquisition system according to any of the previous claims, wherein the analogue biopotential
signal (BS1) is an ECG signal.

10. Electronic device comprising a biopotential signal acquisition system (100) according to any of claims 1 to 9.

11. A method for acquisition of biopotential signals, comprising:

extracting, from an analogue biopotential signal (BS1), an analogue measured biopotential signal (BS2) and
an analogue reference signal (REF1);

converting the reference signal (REF1) into a new reference signal (REF2) based on the correlation between
the measured biopotential signal (BS2) and the reference signal (REF1); and

calculating a digital motion artifact estimate (MA) based on the digital version of the measured biopotential
signal (BS2) and the new reference signal (REF2).
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