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Description
FIELD OF THE INVENTION

[0001] The invention relates to motion artifact removal technique for processing physiological signals, and more par-
ticularly, to method and apparatus for reducing ECG signals motion artifact due to patient movement or exercise.

BACKGROUND OF THE INVENTION

[0002] ECG (electrocardiogram) signal is obtained from the body of a patient using electrode attached to the body
surface. Due to the changes in the electrode-skin impedance caused by movement of the patient, motion artifacts are
introduced to the ECG signal.

[0003] Asdisclosed inthe publication under the title of "Motion Artifact Reduction in Electrocardiogram Using Adaptive
Filter", a portable ECG recorder which uses a triaxial accelerometer to detect the subject’s movement is proposed, and
the triaxial acceleration signals are used as reference signal for the adaptive filter to cancel the motion artifact.

[0004] A finite impulse response residual filtering (FRF) algorithm for processing artifacts in ECG curves is proposed
in the publication "Artifact processing during exercise testing", by Willi Kaiser et al., Journal of Electrocardiology, Vol.
32, pp- 212-219, 1 January 1999.

[0005] An ultra-small chest belt-mounted ECG system with a 3-axis accelerometer for activity monitoring is proposed
in publication "Optimized Adaptive Filter Set for Wearable Wireless ECG System", by Jin-Ho Kim et al., 2011 6th Inter-
national Conference on Computer Sciences and Convergence Information Technology (ICCIT), pp. 107-109, 1 December
2011. The system disclosed therein uses an adaptive filter solution with optimal filter coefficients selection for motion
artifact removal.

SUMMARY OF THE INVENTION

[0006] The present invention aims to improve the quality, such as signal to noise ratio (SNR) or signal to noise plus
interference ratio (SINR), of the ECG signal. More specifically, it aims at reducing motion artifacts in the ECG signal.
[0007] This object is solved with the apparatus for reducing motion artifact in an ECG signal of a patient of claim 1
and the method of reducing motion artifact in an ECG signal of a patient of claim 11. Advantageous embodiments are
defined in the dependent claims.

[0008] In one aspect, an embodiment of the present disclosure provides an apparatus for reducing motion artifact in
an ECG signal of a patient, comprising: a calculating unit configured to calculate a mean value beat from the ECG signal;
a first obtaining unit configured to obtain a residual signal based on the ECG signal and the mean value beat calculated
from the ECG signal; a filtering unit configured to perform filtering of the residual signal with one or more cut off frequencies;
a second obtaining unit configured to obtain a modified ECG signal based on the filtered residual signal and the mean
value beat; and a determining unit configured to determine the one or more cut off frequencies of the filtering based on
an acceleration signal representative of motion status of the patient..

[0009] Motion artifacts caused by the motion of the patient will lead to unacceptable distortion of the ECG signal, and
may even lead to diagnostic error.

[0010] In order to remove the motion artifacts from the ECG signal, the interference introduced by the motion artifacts
is addressed using the acceleration signal representing the motion status of the patient. A correspondence is built up
between the cut off frequencies of the filtering and the motion status of the patient.

[0011] Thus, it provides the possibility of specifically blocking the frequency components introduced by the motion of
the patient. Thereby, the motion artifacts in the ECG signal is reduced and the quality of the ECG signal is improved,
which also contributes to the reduction of diagnostic error.

[0012] The one or more cut off frequencies of the filtering comprise a signal frequency of the acceleration signal.
[0013] Under certain circumstance, e.g. when the patient is walking or running, the acceleration signal may be con-
sidered as a periodic signal. The signal frequency of the acceleration signal is considered to be corresponding to the
frequency component that introduces sever interference to the ECG signal. Thus, blocking the signal frequency of the
acceleration signal can reduce the motion artifacts in the ECG signal.

[0014] In one embodiment, the signal frequency of the acceleration signal could be easily determined according to
the time interval between two successive peak values of the acceleration signal.

[0015] Since the signal frequency of the acceleration signal could be easily determined without greatly increasing the
computational cost, a cost saving implementation of this embodiment is predictable.

[0016] Inanother embodiment, the one or more cut off frequencies of the filtering comprise N frequencies corresponding
to top N power energy of the power spectrum of the acceleration signal.

[0017] Since the bandwidth of the motion artifacts overlaps with that of the ECG signal especially when the patient is
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walking or running, it is not possible to remove all the frequency components of the motion artifacts from the ECG signal.
However, those skilled in the art shall appreciate that the frequency component having the strongest power energy in
the power spectrum of the acceleration signal brings the most sever interference to the ECG signal, thus it is much more
practical and meaningful to remove only the frequency components corresponding to top N power energy of the power
spectrum of the acceleration signal from the ECG signal.

[0018] Advantageously, N is in range of [1, 10]. In one embodiment of the invention, N is 3.

[0019] In the embodiment where N is 3, it is expected that most of the motion artifacts can be removed from the ECG
signal, and so the achieved quality of the ECG signal could satisfy the requirement thereof in most of the application
scenarios.

[0020] Advantageously, the apparatus further comprises an adaptive filter configured to perform an adaptive filtering
of the ECG signal with the acceleration signal; and the calculating unit is configured to calculate the mean value beat
from the adaptive filtered ECG signal; the first obtaining unit is configured to obtain the residual signal based on the
adaptive filtered ECG signal and the mean value beat calculated from the adaptive filtered ECG signal.

[0021] In other words, the adaptive filter performs an adaptive filtering of the ECG signal using the acceleration signal
as reference signal. Thus, part of the motion artifacts can be removed from the ECG signal and there should be less
motion artifacts in the filtered ECG signal than in the raw ECG signal. Accordingly, the additional use of the adaptive
filter may further improve the quality of the ECG signal.

[0022] In another aspect, one embodiment of the present invention provides an apparatus for acquiring an ECG signal
of a patient, the apparatus comprising: a first sensing unit for obtaining the ECG signal of a patient; a second sensing
unit for obtaining an acceleration signal representative of motion status of the patient and an apparatus for reducing
motion artifact in the ECG signal of the patient according to the first aspect of the invention connected with the first
sensing unit and the second sensing unit.

[0023] In another aspect, one embodiment of the present disclosure provides a method of reducing motion artifact in
an ECG signal of a patient, the method comprising the steps of: calculating a mean value beat from the ECG signal;
obtaining a residual signal based on the ECG signal and the mean value beat calculated from the ECG signal; performing
filtering of the residual signal with one or more cut off frequencies; obtaining a modified ECG signal based on the filtered
residual signal and the mean value beat; and determining the one or more cut off frequencies of the filtering based on
an acceleration signal representative of motion status of the patient.

[0024] The step of determining comprises determining a signal frequency of the acceleration signal as the cut off
frequency of the filtering. In one embodiment, the step of determining comprises determining N frequencies corresponding
to the top N power energy of the power spectrum of the acceleration signal as the cut off frequencies of the filtering.

DESCRIPTION OF THE DRAWINGS

[0025] The above and other objects and features of the presentinvention will become more apparent from the following
detailed description considered in connection with the accompanying drawings, in which:

FIG. 1 illustrates a block diagram of an apparatus for reducing motion artifact according to the state of the art;
FIG. 2 illustrates a block diagram of an apparatus for reducing motion artifact according to an embodiment of the
present invention;

FIG. 3 illustrates a block diagram of an apparatus for reducing motion artifact according to another embodiment of
the present invention;

FIG. 4 illustrates a block diagram of an apparatus for acquiring an ECG signal according to one embodiment of the
invention;

FIG. 5 illustrates a flow chart of the method of reducing motion artifact in an ECG signal of a patient according to
one embodiment of the present invention;

[0026] Throughout the above drawings, like reference numerals will be understood as referring to like, similar or
corresponding features or functions.

DETAILED DESCRIPTION

[0027] Reference will now be made to embodiments of the invention, one or more examples of which are illustrated
in the figures. The embodiments are provided by way of explanation of the invention, and are not meant as a limitation
of the invention. For example, features illustrated or described as part of one embodiment may be used with another
embodiment to yield still a further example. It is intended that the invention encompasses these and other modifications
and variations as come within the scope of the invention as solely defined by the appended claims.

[0028] FIG. 1 illustrates a block diagram of an apparatus for reducing motion artifact according to the state of the art.
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[0029] Referring to FIG. 1, the apparatus 100 for reducing motion artifact comprises a calculating unit 110, a first
obtaining unit 120, a filtering unit 130, and a second obtaining unit 140.

[0030] The calculating unit 110 is configured to calculate a mean value beat from the ECG signal.

[0031] Specifically, inthe calculating unit 110, the mean value beat may be calculated based on averaging of successive
ECG cycles. Those skilled in the art may appreciate that other algorithms may be used for the calculating unit 110.
[0032] The first obtaining unit 120 is configured to obtain a residual signal based on the ECG signal and the mean
value beat calculated from the ECG signal. Thus, the ECG signal and the mean value beat calculated therefrom are
provided at the input of the first obtaining unit 120.

[0033] Besides, the first obtaining unit 120 may comprise a subtracting unit to subtract the mean value beat from the
ECG signal to obtain the residual signal. Those skilled in the art may appreciate that the first obtaining unit 120 may
adopt other algorithms to obtain the residual signal. The residual signal obtained at the output of the first obtaining unit
120 is provided as input of the filtering unit 130.

[0034] The filtering unit 130 is configured to perform filtering of the residual signal with fixed cut off frequencies. For
example, the filtering unit 130 may comprise a low-pass filter to reduce muscle noise and a high-pass filter to reduce
baseline wander. Those skilled in the art may appreciate that, the filtering unit 130 may also be considered as a band-
pass filter. For example, the band-pass filter may have a bandwidth ranging from 0.05Hz to 250Hz. Other cut off fre-
quencies may be adopted for the band-pass filter to restrict the frequency band of the residual signal.

[0035] Thefiltered residual signal obtained at the output of the filtering unit 130 is fed to an input of the second obtaining
unit 140. The second obtaining unit 140 is configured to obtain a modified ECG signal based on the filtered residual
signal and the mean value beat, thus, the mean value beat calculated from the ECG signal is also provided as an input
of the second obtaining unit 140.

[0036] Specifically, the second obtaining unit 140 may comprise an adding unit configured to add the filtered residual
signal back to the mean value beat to obtain a modified ECG signal.

[0037] Those skilled in the art may appreciate that the second obtaining unit 140 may adopt other algorithms to obtain
the modified ECG signal.

[0038] In the existing solutions, both design of mean value beat calculation and design of low-pass/high-pass filter
have great influence on the final filtered signal. There are still some noises for the existing solutions, especially in the
case of exercise with a fast running speed.

[0039] FIG. 2 illustrates a block diagram of an apparatus for reducing motion artifact according to an embodiment of
the present invention;

[0040] Referring to FIG. 2, the apparatus 200 comprises a calculating unit 210, a first obtaining unit 220, a filtering
unit 230, a second obtaining unit 240 and a determining unit 250.

[0041] The calculating unit 210, the first obtaining unit 220 and the second obtaining unit 240 are similar to those
described in connection with FIG. 1, thus a repeat description of them is omitted.

[0042] In the embodiment of the present invention, the one or more cut off frequencies of the filtering unit 230 is
determined by the determining unit 250 based on an acceleration signal representative of motion status of the patient.
[0043] The acceleration signal may be obtained using an accelerometer sensor placed on the electrode which is
attached to the body surface of a patient. An A/D converter may be used to convert the analog acceleration signal of
the accelerometer sensor into digital signal. Those skilled in the art may appreciate that, the sampled acceleration signal
still represents the motion of the electrode and thus the motion status of the patient.

[0044] In one embodiment of the invention, the one or more cut off frequencies determined by the determining unit
250 comprises a signal frequency of the acceleration signal.

[0045] Since the acceleration signal represents the motion status of the patient, the signal frequency of the acceleration
signal is considered to be corresponding to the frequency component that introduces sever interference to the ECG
signal. Using the signal frequency of the acceleration signal as the cut off frequency of the filtering unit 230 specifically
reduces the introduced motion artifact.

[0046] In one embodiment of the invention, in the determining unit 250, the signal frequency of the acceleration signal
could be simply determined according to the time interval between two successive peak values of the acceleration signal.
Specifically, the time points of the appearance of the peak values of the acceleration signal are recorded, and the signal
frequency of the acceleration signal may be determined based on the time points recorded in succession. Those skilled
in the artmay appreciate that other methods of determining the signal frequency of the acceleration signal may be adopted.
[0047] Those skilled in the art shall appreciate that the part of the frequency components of the acceleration signal
may be not overlapped with the frequency spectrum of the ECG signal, and that part of the frequency components could
be removed from the ECG signal using various methods of the art. In the following description of the embodiments, the
proposed apparatus concentrates on removing the frequency components of the acceleration signal that are overlapped
with the spectrum of the ECG signal.

[0048] According to a non-claimed example, the determining unit 250 determines the signal frequency of the accel-
eration signal as the cut off frequency of the filtering, only when the determined signal frequency of the acceleration
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signal is within a predetermined range. For example, the predetermined range may be 0.5Hz-5Hz, which is corresponding
to a heart rate of 30-300beats/min. Since the frequency components of the acceleration signal within this range are
completely overlapped with the spectrum of the ECG signal, it is difficult to remove them using approach of the art. On
the contrary, since the cut off frequency of the filtering is determined on a non-linear basis, the proposed apparatus
shows advantage in reducing the motion artifacts introduced by the movement of the patient.

[0049] Thefiltering unit 230 comprises a band-stop filter, the cut off frequency of which is determined by the determining
unit 250, so as to specifically block the signal frequency of the acceleration signal. The filter may be finite impulse
response (FIR) filter with the advantage that the delay of the filtered residual signal is constant and signal independent.
[0050] Operation ofthe apparatus according to the invention will be described below in connection with specificexample
which shall not be considered as limitation on the scope of the invention.

[0051] The application scenario is given as: the patient is walking with a step length of 0.6m and a walking speed of
2.16km/h, i.e. the stride frequency is 1Hz.

[0052] In the determining unit 250, the signal frequency of the acceleration signal may be determined as 1 Hz which
is corresponding to the stride frequency. The determining unit 250 determines the cut off frequency of the filtering unit
230 as 1Hz, since it is within the predetermined range.

[0053] The filtering unit 230 is configured to block the frequency component of 1Hz, so as to specifically block the
frequency component corresponding to the stride frequency.

[0054] In another embodiment of the invention, the filtering unit 230 further comprises the low pass filter for reducing
muscle noise and the high pass filter for reducing baseline wander described above in connection with FIG. 1. Alternatively,
the combination of the low pass filter and the high pass filter can be replaced by a single band pass filter for reducing
both muscle noise and other artifacts. For example, a band pass filter having a bandwidth ranging from 0.05Hz to 250Hz
can be adopted. Those skilled in the art shall appreciate that, the specific bandwidth of the band-pass filter is described
here only for illustrative purpose, and other range of the bandwidth may be used and should be considered as within
the scope of the invention defined in the claims.

[0055] In another example, in the filtering unit 230, the band-stop filter may be combined with the filter(s) for reducing
muscle noise and other artifacts. Those skilled in the art may understand that, for the above described application
scenario, the filtering unit 230 may be considered as two band-pass filter. Specifically, the filtering unit 230 may be
expressed as:

FIR1, 0.05Hz < bandwidth <1Hz

P =1 FiR, \Hz < bandwidth <250H:

[0056] In another embodiment of the invention, the one or more cut off frequencies determined by the determining
unit 250 comprises N frequencies corresponding to top N power energy of the power spectrum of the acceleration signal.
[0057] Since the bandwidth of the motion artifacts overlaps with that of the ECG signal when the patient is walking or
running, it is not possible to remove all the frequency components of the motion artifacts from the ECG signal. However,
those skilled in the art shall appreciate that the frequency component having the strongest power energy in the power
spectrum of the acceleration signal brings the most sever interference to the ECG signal, thus it is much more practical
and meaningful to remove only the frequency components corresponding to top N power energy of the power spectrum
of the acceleration signal from the ECG signal.

[0058] Advantageously, Nisinrange of [1, 10]. In one embodiment of the invention, N is 3. In the following, the present
invention will be described in connection with the embodiment where N is 3.

[0059] Power spectrum of the acceleration signal could be obtained by applying FFT transformation on the sampled
acceleration signal. Those skilled in the art shall appreciate that other approach may be applied to obtain the power
spectrum of the acceleration signal. The concrete computation of the power spectrum will not be further described here.
[0060] The determining unit 250 may determine 3 frequencies corresponding to the frequency components having
the top three FFT amplitudes of the acceleration signal. For example, f; is the frequency having the greatest power
energy, f; is the frequency having the second greatest power energy, and f, is the frequency having the third greatest
power energy of the power spectrum of the acceleration signal. The footnote index is used to identify the ranking of the
power energy of the frequency component in the power spectrum, and it doesn’t represent the ranking of the value of
the frequency. For example, in one embodiment, the relation among f;, f; and f, may read: f;<fy<f,.

[0061] The filtering unit 230 is configured to block those frequencies, i.e. fy, f; and f,. Those skilled in the art may
appreciate that, the filtering unit 230 may be considered as comprising 3 band-pass filters. In this embodiment, the filters
are FIR filters. Specifically, the filtering unit 230 may be expressed as:
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FIR1,0Hz < bandwidth < f,
Filter =< FIR2, f, < bandwidth < f,
FIR3, f, < bandwidth < f,

[0062] Inanotherembodiment, thefiltering unit230 may be combined with the filter(s) having the bandwidth for reducing
muscle noise and baseline wander described above in connection with FIG.1. Assuming 0.05Hz < f; <f,<f,<250Hz, the
filtering unit 230 may be considered as comprising 4 band-pass filters defined as below:

FIR1,0.05Hz < bandwidth < f,
FIR2, f, < bandwidth < f;
FIRS, f, < bandwidth < f,

FIRA, f, < bandwidth < 250Hz

Filter =

[0063] FIG. 3illustrates a block diagram of an apparatus for reducing motion artifact according to another embodiment
of the present invention.

[0064] As shown in FIG.3, the apparatus 300 comprises a calculating unit 210, a first obtaining unit 220, a filtering unit
230, a second obtaining unit 240, a determining unit 250 and an adaptive filter 260.

[0065] The calculating unit 210, the first obtaining unit 220, the filtering unit 230, the second obtaining unit 240 and
the determining unit 250 are similar to those described in connection with FIG. 2. The difference between the embodiments
shown in FIG. 2 and FIG. 3 lies in the fact that in FIG. 3 the adaptive filtered ECG signal is used instead of raw ECG
signal as input signal for the calculating unit 210 and the first obtaining unit 220.

[0066] The adaptive filter 260 is configured to perform an adaptive filtering of the ECG signal with the acceleration
signal. The adaptive filter 260 may be recursive least square (RLS) filter, least mean square (LMS) filter or other filters
that would come to those skilled in the art.

[0067] Using the acceleration signal as reference signal, the adaptive filter 260 performs an adaptive filtering of the
ECG signal. Thus part of the motion artifacts in the ECG signal can be removed.

[0068] In the embodiment shown in FIG. 3, the calculating unit 210 is configured to calculate the mean value beat
from the adaptive filtered ECG signal, and the first obtaining unit 220 is configured to obtain the residual signal based
on the adaptive filtered ECG signal and the mean value beat calculated from the adaptive filtered ECG signal.

[0069] Using the filtered ECG signal instead of the raw ECG signal in the embodiment of the invention could further
reduce the motion artifacts in the ECG signal and improve the quality of the ECG signal.

[0070] Those skilled in the art may appreciate that, the apparatus for reducing motion artifact according to the invention
may be implemented by FPGA, CPU, DSP unit or any other means.

[0071] In another aspect, one embodiment of the invention further provides an apparatus for acquiring an ECG signal
of a patient. FIG. 4 shows a block diagram of the apparatus for acquiring an ECG signal according to one embodiment
of the invention.

[0072] Asshownin FIG. 4, the apparatus 400 for acquiring an ECG signal comprises a first sensing unit 410, a second
sensing unit 420, and an apparatus 430.

[0073] Thefirst sensing unit410 is configured to obtain the ECG signal of a patient. In one embodiment of the invention,
the first sensing unit 410 is implemented as several electrodes. In operation, these electrodes are attached to the body
surface of a patient. Special agent may be used between the electrodes and the body surface to improve the quality of
the acquired ECG signal.

[0074] Those skilled in the art may appreciate that, the first sensing unit 410 further comprises a signal conditioning
circuit to prepare the ECG signal for the latter processing. An A/D converter and a filter may be comprised in the signal
conditioning circuit. Those skilled in the art may appreciate that other implementations of the first sensing unit 410 are
also possible.

[0075] The second sensing unit420 is configured to obtain the acceleration signal. In one embodiment of the invention,
the second sensing unit 420 is implemented as an accelerometer sensor placed on the first sensing unit or individually
attached to the body surface of the patient.

[0076] Those skilled in the art may appreciate that the second sensing unit 420 may also comprise a signal conditioning
circuit to deal with the obtained acceleration signal. The signal conditioning circuit in the second sensing unit 420 is
similar to that in the first sensing unit 410. Other implementations of the second sensing unit 420 may be adopted.
[0077] The apparatus 430 is connected with the first sensing unit 410 and the second sensing unit 420 to receive the
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ECG signal and the acceleration signal as input. The apparatus 430 is configured according to the first aspect of the
invention mentioned above to reduce the motion artifact in the ECG signal of the patient.

[0078] Those skilled in the art may appreciate that the apparatus 400 can be a portable ECG recorder.

[0079] In another aspect, one embodiment of the invention further provides a method of reducing motion artifact in an
ECG signal of a patient. FIG. 5 shows a flow chart of a method of reducing motion artifact.

[0080] As shown in FIG.5, the method comprises the steps of S510, S520, S530, S540, and S550.

[0081] In the step S510, a mean value beat is calculated from the ECG signal.

[0082] In the step S520, a residual signal is obtained based on the ECG signal and the mean value beat calculated
from the ECG signal.

[0083] In the step S530, filtering of the residual signal is performed with one or more cut off frequencies.

[0084] Inthe step S540, a modified ECG signal is obtained based on the filtered residual signal and the mean value beat.
[0085] In the step S550, the one or more cut off frequencies of the filtering are determined based on an acceleration
signal representative of motion status of the patient.

[0086] Using the proposed method, it is possible to specifically block the frequency components corresponding to the
motion artifacts introduced by the motion of the patient. Thus, the motion artifacts in the ECG signal is reduced and the
quality of the ECG signal is improved, which also contributes to the reduction of diagnostic error.

[0087] In one embodiment of the invention, the step S550 further comprises determining the signal frequency of the
acceleration signal as the cut off frequency of the filtering.

[0088] In one embodiment of the invention, the step S550 further comprises determining the signal frequency of the
acceleration signal according to the time interval between two successive peak values of the acceleration signal.
[0089] In another embodiment of the invention, the step S550 further comprises determining N frequencies corre-
sponding to top N power energy of the power spectrum of the acceleration signal as the cut off frequencies of the filtering.
[0090] Advantageously, prior to the step S510, the method further comprises a step of performing an adaptive filtering
of the ECG signal with the acceleration signal. Then, in the step S510, the mean value beat is calculated from the
adaptive filtered ECG signal, and in the step S520, the residual signal is obtained based on the adaptive filtered ECG
signal and the mean value beat calculated from the adaptive filtered ECG signal.

[0091] The additional use of the adaptive filter may further improve the quality of the ECG signal.

[0092] A non-claimed set of computer-executable instructions is further proposed to perform the methods described
above. The instructions can reside in the calculating unit 210, the first obtaining unit 220, the filtering unit 230, and the
second obtaining unit 240, the determining unit 250 and the adaptive filter 260, to perform any step of the above disclosed
methods.

[0093] Although the present invention will be described with reference to the embodiment shown in the drawings, it
should be understood that the present invention may be embodied in many alternate forms including any combination
of hardware and software. In addition, any suitable size, shape or type of materials, elements, computer program ele-
ments, computer program codes, or computer program modules could be used.

[0094] While discussed in the context of computer program code, it should be understood that the modules may be
implemented in hardware circuitry, computer program code, or any combination of hardware circuitry and computer
program code.

It should be noted that the above described embodiments are given for describing rather than limiting the invention, and
it is to be understood that modifications and variations may be resorted to without departing from the scope of the
invention as defined solely by the appended claims. Such modifications and variations are considered to be within the
scope of the invention and the appended claims. The protection scope of the invention is defined by the accompanying
claims. In addition, any of the reference numerals in the claims should not be interpreted as a limitation to the claims.
Use of the verb "comprise" and its conjugations does not exclude the presence of elements or steps other than those
stated in a claim. The indefinite article "a" or "an" preceding an element or step does not exclude the presence of a
plurality of such elements or steps.

Claims
1. An apparatus for reducing motion artifact in an ECG signal of a patient, the apparatus comprising:

a calculating unit (210) configured to calculate a mean value beat from the ECG signal;

a first obtaining unit (220) configured to obtain a residual signal based on the ECG signal and the mean value
beat calculated from the ECG signal;

afiltering unit (230) configured to perform filtering of the residual signal with one or more cut off frequencies; and
a second obtaining unit (240) configured to obtain a modified ECG signal based on the filtered residual signal
and the mean value beat;
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characterized in that the apparatus further comprises a determining unit (250) configured to determine the
one or more cut off frequencies of the filtering based on an acceleration signal representative of motion status
of the patient;

wherein the one or more cut off frequencies of the filtering comprise a signal frequency of the acceleration
signal; and

wherein the filtering unit (230) comprises a band-stop filter with a cut off frequency determined by the determining
unit (250) to block the signal frequency of the acceleration signal.

2. The apparatus of claim 1, wherein the band-stop filter is a finite impulse response filter.

3. The apparatus of claim 1 or 2, wherein the signal frequency of the acceleration signal is determined according to
the time interval between two successive peak values of the acceleration signal.

4. The apparatus of any of claims 1 to 3, wherein the one or more cut off frequencies of the filtering comprise N
frequencies corresponding to N frequency components having the strongest power energy of the power spectrum
of the acceleration signal.

5. The apparatus of claim 4, wherein N is in range of [1, 10].
6. The apparatus of claim 5, wherein N is 3.
7. The apparatus of any of claims 1 to 6, wherein the apparatus further comprises:

an adaptive filter (260) configured to perform an adaptive filtering of the ECG signal with the acceleration signal;
and

the calculating unit (210) is configured to calculate the mean value beat from the adaptive filtered ECG signal;
the first obtaining unit (220) is configured to obtain the residual signal based on the adaptive filtered ECG signal
and the mean value beat calculated from the adaptive filtered ECG signal.

8. The apparatus of any of claims 1 to 7, wherein the first obtaining unit (220) comprises:
a subtracting unit configured to subtract the mean value beat from the ECG signal to obtain the residual signal.

9. The apparatus of any of claims 1 to 8, wherein the second obtaining unit (240) comprises:
an adding unit configured to add the filtered residual signal back to the mean value beat to obtain the modified ECG
signal.

10. An apparatus for acquiring an ECG signal of a patient, comprising:

- a first sensing unit (410) for obtaining the ECG signal of a patient;

- a second sensing unit (420) for obtaining an acceleration signal representative of motion status of the patient;
and

- the apparatus (430) for reducing motion artifact in an ECG signal of the patient of any one of claims 1-9;
wherein the apparatus (430) for reducing motion artifact is connected with the first sensing unit (410) and the
second sensing unit (420) to receive the ECG signal and the acceleration signal as input.

11. A method of reducing motion artifact in an ECG signal of a patient, the method comprising the steps of:

- calculating (S510) with a calculating unit (210) a mean value beat from the ECG signal;

- obtaining (S520) with a first obtaining unit (220) a residual signal based on the ECG signal and the mean value
beat calculated from the ECG signal;

- performingfiltering (S530) of the residual signal with one or more cut off frequencies with afiltering unit (230); and
- obtaining (S540) with a second obtaining unit (240) a modified ECG signal based on the filtered residual signal
and the mean value beat;

characterized in that the method further comprises:

- determining (S550) with a determining unit (250) the one or more cut off frequencies of the filtering based on
an acceleration signal representative of motion status of the patient;
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wherein the step of determining (S550) comprises determining a signal frequency of the acceleration signal as
the cut off frequency of the filtering;

wherein the filtering unit (230) comprises a band-stop filter with a cut off frequency determined by the determining
unit (250), and wherein the step of performing filtering (S530) comprises blocking the signal frequency of the
acceleration signal with the band-stop filter.

The method of claim 11, wherein the step of step of performing filtering (S530) with the filtering unit (230) further
comprises:

- performing low pass filtering of the residual signal to reduce muscle noise; and
- performing high pass filtering of the residual signal to reduce baseline wander.

The method of claim 11 or 12, wherein the step of determining (S550) comprises:

- determining the signal frequency of the acceleration signal according to the time interval between two suc-
cessive peak values of the acceleration signal.

The method of any of claims 11 to 13, wherein the step of determining (S550) comprises:

- determining N frequencies corresponding to N frequency components having the strongest power energy of
the power spectrum of the acceleration signal as the cut off frequencies of the filtering.

The method of any of claims 11 to 14, wherein, prior to the step of calculating (S510), the method further comprises:

- performing with an adaptive filter (260) an adaptive filtering of the ECG signal with the acceleration signal; and
in the step of calculating (S510), the mean value beat is calculated from the adaptive filtered ECG signal;

in the step of obtaining (S520) the residual signal, the residual signal is obtained based on the adaptive filtered
ECG signal and the mean value beat calculated from the adaptive filtered ECG signal.

Patentanspriiche

1.

Vorrichtung zum Reduzieren eines Bewegungsartefakts in einem EKG-Signal eines Patienten, wobei die Vorrichtung
Folgendes umfasst:

eine Berechnungseinheit (210), die dazu ausgelegt ist, eine Mittelwert-Schwingung aus dem EKG-Signal zu
berechnen;

eine erste Erhaltungseinheit (220), die dazu konfiguriert ist, ein Restsignal basierend auf dem EKG-Signal und
der aus dem EKG-Signal berechneten Mittelwertschwingung zu empfangen;

eine Filtereinheit (230), die so konfiguriert ist, dass sie eine Filterung des Restsignals mit einer oder mehreren
Grenzfrequenzen durchfiihrt; und

eine zweite Erhaltungseinheit (240), die so konfiguriert ist, dass sie ein modifiziertes EKG-Signal auf der Grund-
lage des gefilterten Restsignals und des Mittelwert-Herzschlags erhalt;

dadurch gekennzeichnet, dass die Vorrichtung ferner eine Bestimmungseinheit (250) umfasst, die so konfi-
guriert ist, dass sie die eine oder mehrere Grenzfrequenzen der Filterung auf der Grundlage eines Beschleu-
nigungssignals bestimmt, das fiir den Bewegungszustand des Patienten reprasentativ ist;

wobei die eine oder mehrere Grenzfrequenzen der Filterung eine Signalfrequenz des Beschleunigungssignals
umfassen; und

wobei die Filtereinheit (230) ein Bandsperrfilter mit einer durch die Bestimmungseinheit (250) bestimmten Grenz-
frequenz aufweist, um die Signalfrequenz des Beschleunigungssignals zu sperren.

Vorrichtung nach Anspruch 1, wobei das Bandsperrfilter ein Filter mit endlicher Impulsantwort ist.

Vorrichtung nach Anspruch 1 oder 2, wobei die Signalfrequenz des Beschleunigungssignals entsprechend dem
Zeitintervall zwischen zwei aufeinanderfolgenden Spitzenwerten des Beschleunigungssignals bestimmt wird.

Vorrichtung nach einem der Anspriiche 1 bis 3, bei der die eine oder mehrere Grenzfrequenzen der Filterung N
Frequenzen umfassen, die N Frequenzkomponenten mit der starksten Leistungsenergie des Leistungsspektrums
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des Beschleunigungssignals entsprechen.
Vorrichtung nach Anspruch 4, wobei N im Bereich von [1, 10] liegt.
Vorrichtung nach Anspruch 5, wobei N gleich 3 ist.

Vorrichtung nach einem der Anspriiche 1 bis 6, wobei die Vorrichtung ferner Folgendes umfasst:

einen adaptiven Filter (260), der so konfiguriert ist, dass er eine adaptive Filterung des EKG-Signals mit dem
Beschleunigungssignal durchfiihrt; und

die Recheneinheit (210) so konfiguriert ist, dass sie den Mittelwertschlag aus dem adaptiv gefilterten EKG-
Signal berechnet;

die erste Erhaltungseinheit (220) ist so konfiguriert, dass sie das Restsignal auf der Grundlage des adaptiv
gefilterten EKG-Signals und der aus dem adaptiv gefilterten EKG-Signal berechneten Mittelwertschwingung
empfangt.

Vorrichtung nach einem der Anspriiche 1 bis 7, wobei die erste empfangene Einheit (220) Folgendes umfasst:
eine Subtraktionseinheit, die so konfiguriert ist, dass sie den Mittelwertschlag vom EKG-Signal subtrahiert, um das
Restsignal zu erhalten.

Vorrichtung nach einem der Anspriiche 1 bis 8, wobei die zweite Erhaltungseinheit (240) Folgendes umfasst:
eine Addiereinheit, die so konfiguriert ist, dass sie das gefilterte Restsignal zurlick zum Mittelwertschlag addiert,

um das modifizierte EKG-Signal zu erhalten.

Vorrichtung zur Erfassung eines EKG-Signals eines Patienten, die Folgendes umfasst:

- eine erste Sensoreinheit (410) zur Erfassung des EKG-Signals eines Patienten;

- eine zweite Abtasteinheit (420) zum Erhalten eines Beschleunigungssignals, das fiir den Bewegungsstatus
des Patienten reprasentativ ist; und

- die Vorrichtung (430) zur Reduzierung des Bewegungsartefakts in einem EKG-Signal des Patienten nach
einem der Anspriche 1 bis 9;

wobei die Vorrichtung (430) zum Reduzieren eines Bewegungsartefakts mit der ersten Erfassungseinheit (410)
und der zweiten Erfassungseinheit (420) verbunden ist, um das EKG-Signal und das Beschleunigungssignal
als Eingabe zu empfangen.

11. Verfahren zum Reduzieren eines Bewegungsartefakts in einem EKG-Signal eines Patienten, wobei das Verfahren

die folgenden Schritte umfasst:

- Berechnung (S510) mit einer Recheneinheit (210) eines Mittelwert-Herzschlags aus dem EKG-Signal;

- Empfang (S520) mittels einer ersten Erhaltungseinheit (220) eines Residualsignals auf Grundlage des EKG-
Signals und der aus dem EKG-Signal berechneten Mittelwertschwingung;

- Durchfiihrung der Filterung (S530) des Restsignals mit einer oder mehreren Grenzfrequenzen mit einer Fil-
tereinheit (230); und

- Empfang (S540) mit einer zweiten Erhaltungseinheit (240) eines modifizierten EKG-Signals auf der Grundlage
des gefilterten Restsignals und des Mittelwert-Herzschlags;

dadurch gekennzeichnet, dass die Methode ferner Folgendes umfasst:

- Bestimmung (S550) mit einer Bestimmungseinheit (250) der einen oder mehreren Grenzfrequenzen der Fil-
terung auf der Grundlage eines Beschleunigungssignals, das fir den Bewegungszustand des Patienten repra-
sentativ ist;

wobei der Schritt des Bestimmens (S550) das Bestimmen einer Signalfrequenz des Beschleunigungssignals
als die Grenzfrequenz der Filterung umfasst;

wobei die Filtereinheit (230) ein Bandsperrfilter mit einer durch die Bestimmungseinheit (250) bestimmten Grenz-
frequenz umfasst, und wobei der Schritt des Durchfiihrens der Filterung (S530) das Sperren der Signalfrequenz
des Beschleunigungssignals mit dem Bandsperrfilter umfasst.

12. Verfahren nach Anspruch 11, wobei der Schritt des Schrittes der Durchfiihrung der Filterung (S530) mit der Filter-
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einheit (230) weiter Folgendes umfasst:

- Durchfiihren einer Tiefpassfilterung des Restsignals zur Reduzierung des Muskelrauschens; und
- Durchfiihrung einer Hochpassfilterung des Restsignals zur Reduzierung der Basislinienwanderung.

Verfahren nach Anspruch 11 oder 12, wobei der Schritt der Bestimmung (S550) Folgendes umfasst:

- Bestimmung der Signalfrequenz des Beschleunigungssignals entsprechend dem Zeitintervall zwischen zwei
aufeinanderfolgenden Spitzenwerten des Beschleunigungssignals.

Verfahren nach einem der Anspriiche 11 bis 13, wobei der Schritt der Bestimmung (S550) Folgendes umfasst:

- Bestimmung von N Frequenzen, die N Frequenzkomponenten mit der starksten Leistungsenergie des Leis-
tungsspektrums des Beschleunigungssignals entsprechen, als Grenzfrequenzen der Filterung.

Verfahren nach einem der Anspriiche 11 bis 14, wobei das Verfahren vor dem Schritt des Berechnens (S510) ferner
Folgendes umfasst:

- mit einem adaptiven Filter (260) Durchfihrung einer adaptiven Filterung des EKG-Signals mit dem Beschleu-
nigungssignal; und

im Rechenschritt (S510) Berechnung des Mittelwert-Herzschlags aus dem adaptiv gefilterten EKG-Signal; im
Schritt der Gewinnung (S520) des Restsignals Gewinnung des Restsignals auf Grundlage des adaptiv gefilterten
EKG-Signals und der aus dem adaptiv gefilterten EKG-Signal berechneten Mittelwertschwingung.

Revendications

1.

Appareil de réduction d’un artefact de mouvement dans un signal ECG d’un patient, ledit appareil comprenant :

une unité de calcul (210) congue pour calculer un battement de valeur moyenne en fonction du signal ECG ;
une premiere unité d’obtention (220) congue pour obtenir un signal résiduel en fonction du signal ECG et du
battement de valeur moyenne calculé en fonction du signal ECG ;

une unité de filtrage (230) congue pour réaliser un filtrage du signal résiduel au moyen d’au moins une fréquence
de coupure ; et

une seconde unité d’obtention (240) congue pour obtenir un signal ECG modifié en fonction du signal résiduel
filtré et du battement de valeur moyenne ;

caractérisé en ce que leditappareil comprend en outre une unité de détermination (250) congue pour déterminer
I'au moins une fréquence de coupure du filtrage en fonction d’un signal d’accélération représentatif de I'état de
mouvement du patient ;

dans lequel I'au moins une fréquence de coupure du filtrage comprend une fréquence de signal du signal
d’accélération ; et

dans lequel I'unité de filtrage (230) comprend un filire coupe-bande a une fréquence de coupure déterminée
par l'unité de détermination (250) pour bloquer la fréquence de signal du signal d’accélération.

Appareil selon la revendication 1, dans lequel le filtre coupe-bande est un filtre a réponse impulsion-nelle finie.

Appareil selon la revendication 1 ou 2, dans lequel la fréquence de signal du signal d’accélération est déterminée
en fonction d’'un intervalle de temps entre deux valeurs de créte successives du signal d’accélération.

Appareil selon I'une quelconque des revendications 1 a 3, dans lequel 'au moins une fréquence de coupure du
filtrage comprend N fréquences correspondant a N composantes de fréquence présentant I'énergie de puissance
la plus forte du spectre de puissance du signal d’accélération.

Appareil selon la revendication 4, dans lequel N est dans la plage de [1, 10].

Appareil selon la revendication 5, dans lequel N est 3.

Appareil selon I'une quelconque des revendications 1 a 6, dans lequel I'appareil comprend en outre :
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un filtre adaptatif (260) congu pour réaliser un filtrage adaptatif du signal ECG a I'aide du signal d’accélération ; et
I'unité de calcul (210) est congue pour calculer le battement de valeur moyenne en fonction du signal ECG filtré
adaptatif ;

la premiere unité d’obtention (220) est congue pour obtenir le signal résiduel en fonction du signal ECG filtré
adaptatif et du battement de valeur moyenne calculé en fonction du signal ECG filtré adaptatif.

Appareil selon'une quelconque des revendications 1 a 7, dans lequel la premiéere unité d’obtention (220) comprend :
une unité de soustraction congue pour soustraire le battement de valeur moyenne du signal ECG pour obtenir le
signal résiduel.

Appareil selon 'une quelconque des revendications 1 a 8, dans lequel la seconde unité d’obtention (240) comprend :
une unité d’addition congue pour additionner le signal résiduel filtré au battement de valeur moyenne pour obtenir

le signal ECG modifié.

Appareil d’acquisition d’'un signal ECG d’un patient, comprenant :

- une premiére unité de détection (410) pour obtenir le signal ECG d’un patient ;

- une seconde unité de détection (420) pour obtenir un signal d’accélération représentatif de I'état de mouvement
du patient ; et

-I'appareil (430) de réduction d’'un artefact de mouvement dans un signal ECG du patient selon 'une quelconque
des revendications 1 a9 ;

dans lequel I'appareil (430) de réduction d’un artefact de mouvement est raccordé a la premiéere unité de
détection (410) et a la seconde unité de détection (420) pour recevoir le signal ECG et le signal d’accélération
en entrée.

11. Procédé de réduction d’'un artefact de mouvement dans un signal ECG d’un patient, ledit procédé comprenant les

étapes suivantes :

- le calcul (S510) a 'aide d’'une unité de calcul (210) d’'un battement de valeur moyenne en fonction du signal
ECG;

- 'obtention (S520) a I'aide d’'une premiére unité d’obtention (220) d’un signal résiduel en fonction du signal
ECG et du battement de valeur moyenne calculé en fonction du signal ECG ;

- la réalisation d’un filtrage (S530) du signal résiduel au moyen d’au moins une fréquence de coupure a l'aide
d’une unité de filtrage (230) ; et

- 'obtention (S540) a I'aide d’'une seconde unité d’obtention (240) d’'un signal ECG modifié en fonction du signal
résiduel filtré et du battement de valeur moyenne ;

caractérisé en ce que ledit procédé comprend en outre :

- la détermination (S550) a I'aide d’une unité de détermination (250) de I'au moins une fréquence de coupure
du filtrage en fonction d’un signal d’accélération représentatif de I'état de mouvement du patient ;

dans lequel I'étape de détermination (S550) comprend la détermination d’'une fréquence de signal du signal
d’accélération en tant que fréquence de coupure du filtrage ;

dans lequel I'unité de filtrage (230) comprend un filire coupe-bande a une fréquence de coupure déterminée
par l'unité de détermination (250), et

dans lequel I'étape de réalisation du filtrage (S530) comprend le blocage de la fréquence de signal du signal
d’accélération a I'aide du filtre coupe-bande.

12. Procédé selon la revendication 11, dans lequel I'étape consistant a réaliser un filtrage (S530) a I'aide de I'unité de

filtrage (230) comprend en outre :

- la réalisation d’un filtrage passe-bas du signal résiduel pour réduire le bruit musculaire ; et
- la réalisation d’un filtrage passe-haut du signal résiduel pour réduire I'errance de référence.

13. Procédé selon la revendication 11 ou 12, dans lequel I'étape de détermination (S550) comprend :

- la détermination de la fréquence de signal du signal d’accélération en fonction de l'intervalle de temps entre
deux valeurs de créte successives du signal d’accélération.
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14. Procédé selon I'une quelconque des revendications 11 a 13, dans lequel I'étape de détermination (S550) comprend :

- la détermination de N fréquences correspondant a N composantes de fréquence présentant I'énergie de
puissance la plus forte du spectre de puissance du signal d’accélération en tant que fréquences de coupure
du filtrage.

15. Procédé selon l'une quelconque des revendications 11 a 14, dans lequel, avant I'étape de calcul (S510), ledit
procédé comprend en outre :

- la réalisation a l'aide d’un filtre adaptatif (260) d’un filtrage adaptatif du signal ECG au moyen du signal
d’accélération ; et

dans l'étape de calcul (S510), le battement de valeur moyenne est calculé en fonction du signal ECG filtré
adaptatif ;

dans I'étape d’obtention (S520) du signal résiduel, le signal résiduel est obtenu en fonction du signal ECG filtré
adaptatif et du battement de valeur moyenne calculé en fonction du signal ECG filtré adaptatif.

14
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