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Description
FIELD OF THE INVENTION

[0001] The present invention relates to methods, ap-
paratus and computer program products for detecting
heart rate.

BACKGROUND OF THE INVENTION

[0002] There are various methods for contactless
measurement of the heart rate of a person lying on a bed.
A fair share of the methods are based on measuring the
almost periodically repeating vibrations of the heart by
analyzing the output signal of a force sensor that meas-
ures the horizontal or vertical vibrations of the body. An
example of a force sensor has been presented in the
European patent publication EP 1 563 286.

[0003] In addition to the force sensor, the heart rate
analysis system requires a signal processing unit that
extracts the heart rate from the sensor’s signal using a
signal processing algorithm. These algorithms conven-
tionally use strategies such as cross-correlation with the
beat prototype, as suggested in S.H. Woodward et al.,
"Estimating heart rate and RSA from the mattress-re-
corded kinetocardiogram," Psychophysiology, vol. 44,
Jul. 2007, pp. 635-638, bandpass filtering, as suggested
in international patent application publication WO
2006/003243, or peak detection, as suggestedin S. Oka-
daetal., "Proposal for a Method of Non-restrictive Meas-
urement of Resting Heart Rate in a Lying Position," Jour-
nal of PHYSIOLOGICAL ANTHROPOLOGY, vol. 25,
2006, pp. 299-305. Other algorithms to improve feature
extraction from impulse shapes are suggested in: P. Sm-
rcka et al., "New Methods for Precise Detection of Systo-
lic Complexes in the Signal Acquired from Quantitative
Seismocardiograph," IEEE Int. Worksh. Intell. Sig. Proc.,
Sept. 2005, pp. 375-380, O. Postolache et al., "New Ap-
proach on Cardiac Autonomic Control Estimation Based
on BCG Processing," IEEE Can. Conf. Electric. Comp.
Eng., Apr. 2007, pp. 876-879, and US 2004/0039419.
[0004] A drawback of the prior art signal processing
algorithms is that typically they are able to detect the
heart rate reliably only if the monitored person stays still
and does not make any movements that would distort
the signal. Movements such as speaking or waving a
hand may render the algorithms useless.

SUMMARY

[0005] According to a first aspect of the invention there
is provided a method, comprising: retrieving a signal that
measures an activity of a cardiac system, wherein the
method further comprises:

creating a heart beat model based on the retrieved
signal; and
detecting heart beats using the heart beat model.
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[0006] In certain embodiments, the activity of the car-
diac system means mechanical activity of the cardiac
system. Accordingly, the signal that measures an activity
of the cardiac system measures mechanical activity of
the cardiac system. Examples of signals that are indica-
tive of (or measure) mechanical activity of the cardiac
system are a movement signal and an acoustic signal.
In certain embodiments, the signal is a ballistocardiog-
raphy signal.

[0007] Byamovementsignalistypically meantasignal
measuring the mechanical movements of a monitored
person. A movement signal is generally obtained by
measuring for example the displacement, acceleration
or velocity of the body or body part. A movement signal
may be received for example from a force sensor, an
acceleration sensoror aradar system. Movement signals
can in some connections also be called as mechanical
movement signals or mechanical signals.

[0008] By an acoustic signal is typically meant a signal
measuring the acoustic activity of the cardiac system. An
acoustic signal may be received for example from an
electronic stethoscope or a microphone.

[0009] Movement signals and acoustic signals can be
measured for example from parts of the body, the whole
body, a structure supporting the body or a structure sup-
porting a part of the body.

[0010] In certain embodiments, the method further
comprises:

updating the heart beat model by training the model
using a machine learning technique, such as super-
vised learning.

[0011] Incertain embodiments, the method comprises
using heart beat shape information and/or heart beat in-
terval information and/or respiratory cycle phase infor-
mation in training the model.

[0012] In certain embodiments, the heart beat model
is a supervised learning classifier.

[0013] In certain embodiments, the method further
comprises:

providing an estimation of an expected heart beat
shape based on the model.

[0014] Incertain embodiments, the method comprises:
using information about a respiratory cycle phase in
training the heart beat model.

[0015] Incertain embodiments, the method comprises:

calculating an estimation of heart beat onset times;

and using the estimation in the detection of heart
beats.

[0016] Yet in certain embodiments, the method com-

prises:
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creating an inverse model of an original heart beat
shape that gives as a result the shape of the heart
beat before it has been mixed with adjacent beats;
and

solving the inverse model and using the recovered
heart beat shape in heart beat model creation and
heart beat detection.

[0017] According to a second aspect of the invention
there is provided an apparatus, comprising:

means configured for retrieving a signal that meas-
ures an activity of a cardiac system, wherein the ap-
paratus comprises:

means configured for creating a heart beat mod-
el based on the retrieved signal; and

means configured for detecting heart beats us-
ing the heart beat model.

[0018] In certain embodiments, the apparatus is con-
figured to output data directly or indirectly indicative of
an instant heart beat rate.

[0019] In certain embodiments, the apparatus is con-
figured to update the heart beat model by training the
model using a machine learning technique, such as su-
pervised learning. In certain embodiments, the model is
a supervised learning classifier.

[0020] In certain embodiments, the apparatus is con-
figured to use information about a respiratory cycle phase
in training the heart beat model.

[0021] In certain embodiments, the apparatus is con-
figured to cancel the interference of overlapping heart
beat impulses by inverse modeling.

[0022] Accordingto athird aspectofthe inventionthere
is provided a computer readable medium having stored
thereon a computer program executable in an apparatus,
the computer program comprising:

program code for implementing an algorithm that
controls the apparatus to retrieve a signal that meas-
ures an activity of a cardiac system, further controls
the apparatus to create a heart beat model based
on the retrieved signal, and further controls the ap-
paratus to detect heart beats using the heart beat
model.

[0023] Embodiments of the invention offer an ad-
vanced signal processing algorithm that is able to detect
the heart rate of a person even if he or she makes some
movements during monitoring. A signal processing algo-
rithm introduced by certain embodiments makes heart
beat detection more reliable by utilizing information about
the respiratory cycle, canceling the interference of adja-
cent beats as well as building a model of the heart beat’s
shape.

[0024] Various exemplary embodiments of the present
invention are illustrated hereinafter in the detailed de-
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scription of the invention as well as in the dependent
claims appended hereto. The embodiments are illustrat-
ed with reference to selected aspects of the invention. A
person skilled in the art appreciates that any embodiment
of the invention may apply to other aspects as well either
alone or in combination with other embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The invention will now be described, by way of
example only, with reference to the accompanying draw-
ings, in which:

Figure 1 shows a framework for carrying out selected
embodiments of the invention;

shows a schematic high-level illustration of
an algorithm in accordance with certain em-
bodiments;

shows a more detailed illustration of an al-
gorithm in accordance with certain embodi-
ments;

shows the correlation between heart beat
amplitude, interval and respiratory cycle
phase in certain embodiments; and

shows the difference between heart beat
shapes extracted using inverse modeling
and averaging.

Figure 2

Figure 3

Figure 4

Figure 5

DETAILED DESCRIPTION

[0026] Figure 1 shows an exemplary framework in
which selected embodiments of the invention can be im-
plemented. This framework comprises a processing unit
110 which processes a signal containing measurement
data on vibrations of a person whose cardiac system is
being monitored.

[0027] The signal may be retrieved on-line from a sen-
sor 101. The sensor 101 may be aforce sensor described
in EP 1 563 286 placed in the near proximity of the mon-
itored person (e.g., under a bed post or mattress). The
signal is received by the processing unit 110 via a wired
or wireless communications method. A suitable commu-
nication interface 102, depending on the implementation,
is implemented in the processing unit 110. For example,
a serial bus or a Bluetooth connection can be used. In a
further embodiment, the processing unit 110 can be in-
tegrated into the sensor unit 101.

[0028] Thereceivedsignalis processed by a processor
103 of the processing unit 110 in accordance with an
algorithm, also referred to as a signal processing algo-
rithm. A memory 104 comprised by the processing unit
110 comprises software 105 containing instructions
and/or program code forimplementing the algorithm. The
signal processing algorithm, when performed, produces
desired output, e.g., the heart beat rate and/or heart beat
onset times of the monitored person.

[0029] Alternatively, instead of using on-line data, the
processing unit 110 may process a beforehand stored



5 EP 2 247 233 B1 6

signal retrieved from the internal memory 104 or from an
external memory (not shown).

[0030] The processing unit 110 may further contain a
user interface controller 106 for receiving userinput, e.g.,
from a keyboard (not shown), and for giving visual output
for a user, e.g., in a display unit (not shown).

[0031] Figure 2 shows a schematic high-level illustra-
tion of a signal processing algorithm 200 in accordance
with certain embodiments. The algorithm uses at least
one input and produces at least one output. In an em-
bodiment, the algorithm 200 uses as an input signal the
signal retrieved from the sensor 101 (Fig. 1) or a signal
retrieved from a memory, or a corresponding signal. This
signal comprises detected vibrations of a monitored
body, in particular also vibrations which are due to heart
beats. Accordingly, this input signal is here referred to
as heart beat signal 11. In a more general embodiment,
the heart beat signal 11 is any signal which can be as-
sumed to represent, at least partially, an activity of car-
diac system. The signal processing algorithm 200 pro-
duces desired output, e.g., the heart beat rate 24. The
form of the output may vary depending on the implemen-
tation. The output may directly indicate the instant heart
rate orindicate the heartrate indirectly, e.g., by outputting
its inverse value (reciprocal) or similar.

[0032] The signal processing algorithm 200 may op-
tionally use also other inputs, such as a signal which is
here referred to as respiration signal 12. In an embodi-
ment, this signal 12 may be the same signal as the heart
beat signal 11, as the signal retrieved, e.g., from a sensor
also comprises vibrations caused by respiration. In a
more general embodiment, the respiration signal 12 is
any signal which can be assumed to represent, at least
partially, a respiration activity. An optional output of the
signal processing algorithm 200 is respiratory cycle
phase information 21 indicating a detected phase in a
respiratory cycle.

[0033] Figure 3 shows a more detailed illustration of a
signal processing algorithm 200 in accordance with cer-
tain embodiments.

[0034] In an embodiment, the algorithm 200 is divided
into three modules: Heart beat onsets are detected in
module 31, an optional respiratory cycle analysis is car-
ried out in module 32, and module 33 initializes and main-
tains a model of the shape of a single heart beat impulse.
[0035] Module 31 receives as input the heart beat sig-
nal 11, optionally respiratory cycle phase information 21
and the heart beat model 23. Module 31 calculates heart
beat onset times 22 from the inputs and outputs them to
module 33. Module 31 may also calculate the heart rate
24 based on the heart beat onset times.

[0036] The optional module 32 receives as input a sig-
nal 12 that can be used to detect the respiratory cycles
of the person. Module 32 detects the respiratory cycles
from the signal and outputs the respiratory cycle phase
information 21 to modules 31 and 33. Module 32 can
alternatively also receive inputs 22 and 23 from modules
21 and 23, respectively, with the purpose of enhancing
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the detection of the respiratory cycle.

[0037] Module 33 receives as input the heart beat sig-
nal 11, optionally respiratory cycle phase information 21
and heart beat onset times 22. Module 33 creates and
maintains the heart beat model 23 based on the inputs
and outputs the model 23 to module 31.

[0038] In the following the operation of certain embod-
iments of the invention is explained in yet further detail.
As indicated in the preceding, the heart rate of a person
can be detected (or calculated) by using a signal process-
ing algorithm which receives as input a signal measuring
the cardiac activity of the person.

[0039] Inits simple form, the procedure followed by the
algorithm can basically comprise only the following:

1) Retrieving a signal that measures the activity of
the cardiac system;

2) Creating, based on said signal, a model of a heart
beat impulse;

3) Detecting heart beats by using the heart beat mod-
el.

[0040] In certain embodiments, the heart beat model
is a supervised learning classifier with one or more input
features and one output label. One of the input features
is the heart beat shape. The output label is binary and
defines if the input variable(s) represent a heart beat
(BEAT) or not (NON-BEAT). The heart beat shape input
feature of the model can be in the form of a signal seg-
ment that represents the shape of a single heart beat
impulse or in a transformed form such as a set of wavelet
coefficients. The classifier can use any suitable classifi-
cation method such as naive Bayes or support vector
machines.

[0041] The model initialization (creation) phase basi-
cally requires only the heart beat signal 11. Initialization
is carried out in an embodiment by finding an almost pe-
riodically repeating phenomenon from the signal that is
repeated at a rate that would be possible for a heart beat
(e.g., interval in the range 0.3 - 2 seconds). If such an
almost periodically repeating phenomenon is found, they
are likely to be the heart beat impulses in the signal. The
heart beat model can be initialized by training it with input-
output pairs where each output label is BEAT and the
inputs are formed from the positions where beatimpulses
were found. Also, the model is trained with sufficiently
many input-output pairs where each output labelis NON-
BEAT and the inputs are formed from positions where
beat impulses were not found. In an embodiment, the
almost periodic phenomenon is found by applying a min-
imum-entropy deconvolution method to the signal that
represents the cardiac activity. The idea of minimum en-
tropy deconvolution is to find a convolution kernel h(n)
that, when convolved with the input signal y(n), produces
an output signal w(n) with as low an entropy as possible.
Entropy can be minimized by maximizing the kurtosis of
the output signal w(n). If the input signal contains a re-
peating phenomenon, they can be located by finding the
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peaks of w(n). The details of the minimum-entropy de-
convolution method as such are known to a skilled person
and will not be described here more closely. Alternatively,
an autocorrelation method, also known as such, can be
applied to the signal instead of the minimum-entropy de-
convolution method.

[0042] Once module 33 has initialized the heart beat
model 23 and starts feeding it to module 31, module 31
starts to detect beat onsets from the heart beat signal 11
with the model.

[0043] Detecting the beat onsets from the signal using
the model can be done in many ways.

[0044] In an embodiment, the signal is windowed to
extract the shape of the signal at consecutive time in-
stants. The shapes are fed to the model that classifies
them with labels BEAT or NON-BEAT. Window positions
that are classified as BEAT are used in an embodiment
as beat onset positions 22 and fed to module 33.
[0045] When module 33 receives a heart beat onset
time 22 from module 31, it extracts in an embodiment the
heart beat impulse shape from the heart beat signal 11
using the onset time. Using the extracted heart beat im-
pulse shape, module 33 trains the heart beat model with
an input-output pair comprising the heart beat impulse
shape and a BEAT label. In addition to training with found
beats, shapes that represent segments where a beat
cannot be found are used to train the model with the
NON-BEAT label.

[0046] In another implementation, the interval to the
previous beat onset is used as the model’s input feature,
in addition to the heart beat shape. In yet another imple-
mentation, respiratory cycle phase is used as the model’s
input feature, in addition to the heart beat shape, with or
without using the interval to the previous beat onset as
an input feature. If the respiratory cycle phase and/or
beatinterval are used as input features, they are used in
module 33 to train the model and in module 31 to classify
signal positions as BEAT or NON-BEAT. The benefit from
using these additional input features is that there is a
clear correlation between the respiratory cycle phase,
heart beat shape and heart beat interval, as illustrated in
Figure 4. The uppermost graph of Figure 4 shows a high-
pass-filtered (with cutoff at 1 Hz) ballistocardiography
(BCG) signal. The vertical axis denotes force and the
horizontal axis denotes time. The second graph shows
heart beat intervals and the third graph heart beat am-
plitudes during the same observation period. The fourth
graph shows the BCG signal after band-pass-filtering
(with 0.1-1.0 Hz passband). The lowermost graph shows
transitions between the respiratory cycle phases.
[0047] It is possible the detect the respiratory cycle
from a force sensor signal (or respiration signal) 12 using
prior art methods. In accordance with an embodiment,
the respiratory cycle is detected, for example, by band-
pass-filtering the respiration signal 12 (e.g., with 0.1-1.0
Hz passband) and observing crossings of a predefined
threshold in the filtered signal. If heart beat information
is available, detection can be further aided by utilizing
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the correlation of heart beat intervals and amplitude with
the phase of the respiratory cycle. Accordingly, in order
to enhance the respiratory cycle analysis, heart beat in-
terval 22 and/or shape data 23 from the heart beat anal-
ysis modules 31 and 33, respectively, can be inputted to
the respiratory cycle analysis module 32.

[0048] The respiratory cycle is generally modeled
mathematically as a cyclic transition between the follow-
ing states: inhalation begin, inhalation end, exhalation
begin, exhalation end. For the purposes of supervised
learning, inhalation begin is represented by value -1, in-
halation end by 0, exhalation begin by 0, and exhalation
end by 1. Transition between the states is illustrated in
the lowermost graph of Fig. 4. The horizontal axis de-
notes time.

[0049] Yet another embodiment concerns canceling
the interference of overlapping heart beat impulses.
Once module 31 has detected consecutive heart beat
onsets, it becomes possible to analyze the shape of the
original heartbeatimpulse prior to its mixing with adjacent
heartbeats. As asingle heartbeatimpulse generally lasts
longer than the interval between heart beats (the interval
meaning the reciprocal of the heart rate), the adjacent
impulses get mixed making detecting heart beats more
difficult. The original impulses can be recovered in an
embodiment from the signal by formulating an inverse
model that solves the shape of the original beat impulses
before they were mixed with adjacent beats. In a simple
form, the mixing of beats can be represented with the
equation

y(n)=Y s(n—d,)

i=1

where s(n) represents a single heart beat impulse, d; are
the N positions of the heart beat impulses and y(n) is the
signal after the mixing of the beats. As y(n) (the heart
beat signal) and d; (the heart beat times) are known, s(n)
can be solved by formulating the inverse model as a sys-
tem of linear equations. The result of modeling the heart
beat shape is illustrated in Fig. 5. As seen in the figure,
the heart beat shape calculated using an inverse model
is less distorted by adjacent beats than the shape calcu-
lated by just averaging heart beat shapes. The above
mentioned inverse model assumes that the heart beat
shape is invariant across all heart beats, but the model
can be made even more precise by allowing varying
shapes for different heart beats.

[0050] Canceling the overlapping impulses benefits
both modules 31 and 33. In module 33, the heart beat
model 23 can be created without interference from adja-
cent beats, so it becomes more precise. When canceling
of overlapping impulses is utilized it module 31, the in-
terference of adjacent beats in the detection of beat on-
sets is removed so beat detection becomes more pre-
cise.
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[0051] Various embodiments have been presented. It
should be appreciated that in this document, words com-
prise, include and contain are each used as open-ended
expressions with no intended exclusivity.

[0052] The foregoing description has provided by way
of non-limiting examples of particular implementations
and embodiments of the invention a full and informative
description of the best mode presently contemplated by
the inventors for carrying out the invention.

[0053] As such, the foregoing description should be
considered as merely illustrative of the principles of the
present invention, and not in limitation thereof. Hence,
the scope of the invention is only restricted by the ap-
pended patent claims.

Claims
1. A method, comprising:

retrieving, in an apparatus, (100) a signal (11)
comprising overlapping adjacent heart

beat impulses mixed with each other, charac-
terized in that the method further comprises:
creating, in the apparatus, (100) a heart beat
model (23) of the shape of an original
non-mixed single heart beat impulse based on
the retrieved signal; and

detecting heart beats, (31) by the apparatus,
(100)

using the heart beat model. (23)

2. The method of claim 1, wherein the signal measures
mechanical activity of a cardiac system.

3. The method of claim 1 or 2, further comprising uti-
lizing information about the respiratory cycle in the
heart beat detection.

4. The method of any preceding claim, wherein the sig-
nal that measures an activity of a cardiac system is
a ballistocardiography signal or a signal from a force
sensor.

5. The method of any preceding claim, comprising out-
putting data directly or indirectly indicative of heart
beat rate.

6. The method of any preceding claim, further compris-
ing:

updating the heart beat model by training the
model using amachine learning technique, such
as supervised learning the heart beat model be-
ing a supervised learning classifier.

7. The method of any preceding claim, wherein the
method comprises:
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10.

1.

12.

13.

14.

15.

using a heart beat shape information, heart beat
interval information or respiratory cycle phase
information in training the model.

The method of any preceding claim, wherein the
method comprises:

providing an estimation of an expected heart
beat shape based on the model.

The method of any preceding claim, comprising:

creating an inverse model of an original heart
beat shape that gives as a result the shape of
the heart beat before it has been mixed with ad-
jacent beats; and

solving the inverse model and using the recov-
ered heart beat shape in

heart beat model creation and heart beat detec-
tion.

An apparatus, (100) comprising:

a processing unit (110) configured to retrieve a
signal (11) comprising overlapping

adjacent heart beat impulses mixed with each
other, characterized in that the processing unit
(110)

is configured to create a heart beat model (23)
of the shape of an original non-mixed single
heartbeatimpulse based on theretrieved signal;
(11) and wherein

the processing unit (110)

is further configured to detect heart beats (31)
using the heart beat model. (23)

The apparatus of claim 10, wherein said model is
indicative of an actual shape of a heart beat impulse.

The apparatus of claim 10 or 11, wherein the appa-
ratus is configured to update the heart beat model
by training the model using a machine learning tech-
nique, such as supervised learning.

The apparatus of any of preceding claim 10-12,
wherein the apparatus is

configured to use information about a respiratory cy-
cle phase in training the heart beat model.

The apparatus of any of preceding claim 10-13 ,
wherein

the processing unit is configured to calculate an es-
timation of heart beat onset times, and wherein

the processing unit is further configured to use the
estimation in the detection of heart beats.

The apparatus of any preceding claim 10-14, where-
in the processing unit is
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configured to implement an algorithm to cancel the
interference of overlapping heart beat impulses.

The apparatus of any of preceding claim 10-15,
wherein the apparatus is

configured to create an inverse model of an original
heart beat shape that gives as a result the shape of
the heart beatbefore it has been mixed with adjacent
beats, and to solve the inverse model and to use the
recovered heart beat shape in heart beat model cre-
ation and heart beat detection.

Computer readable medium having stored thereon
acomputer program executable in an apparatus, and
when executed configured to implement the method
of any of the claims 1-9.

Patentanspriiche

1.

Verfahren, umfassend:

Abrufen, in einem Gerét (100), eines Signals
(11), das Uberlappende benachbarte Herz-
schlagpulse umfasst, die miteinander gemischt
sind,

dadurch gekennzeichnet, dass das Verfahren
weiter umfasst

Erzeugen, in dem Gerat (100), eines Herz-
schlagmodells (23) der Gestalt eines urspriing-
lichen nicht gemischten einzelnen Herzschlag-
pulses, basierend auf dem abgerufenen Signal;
und

Erfassen von Herzschlagen (31) durch das Ge-
rat (100) unter Verwendung des Herzschlagmo-
dells (23).

Verfahren nach Anspruch 1, wobei das Signal die
mechanische Aktivitat eines Herzsystems misst.

Verfahren nach Anspruch 1 oder 2, weiter umfas-
send Verwenden von Informationen iber den Atem-
zyklus bei der Herzschlagerfassung.

Verfahren nach irgendeinem vorhergehenden An-
spruch, wobei das Signal, das eine Aktivitdt des
Herzsystems misst, ein ballistokardiographisches
Signal oder ein Signal von einem Kraftsensor ist.

Verfahren nach irgendeinem vorhergehenden An-
spruch, umfassend ein direktes oder indirektes Aus-
geben von Daten, die die Herzschlagrate darstellen.

Verfahren nach irgendeinem vorhergehenden An-
spruch, weiter umfassend:

Aktualisieren des Herzschlagmodells durch
Trainieren des Modells unter Verwendung einer
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10.

1.

12.

13.

Maschinenlerntechnik, so wie Uiberwachtes Ler-
nen, wobei das Herzschlagmodell ein Klassifi-
kator Gberwachten Lernens ist.

Verfahren nach irgendeinem vorhergehenden An-
spruch, wobei das Verfahren umfasst:

Verwenden einer Herzschlaggestalt-Informati-
on, Herzschlagintervall-Information oder
Atemzyklusphasen-Information beim Trainie-
ren des Modells.

Verfahren nach irgendeinem vorhergehenden An-
spruch, wobei das Verfahren umfasst:

Bereitstellen einer Abschatzung einer erwarte-
ten Herzschlaggestalt, basierend auf dem Mo-
dell.

Verfahren nach irgendeinem vorhergehenden An-
spruch, umfassend:

Erzeugen eines inversen Modells einer ur-
spriinglichen Herzschlaggestalt, das als Ergeb-
nis die Gestalt des Herzschlages ergibt, bevor
er mit benachbarten Schlagen gemischt wurde;
und

Lésen desinversen Modells und Verwenden der
zurlickgewonnenen Herzschlaggestalt bei der
Herzschlagmodell-Erzeugung und der Herz-
schlagerfassung.

Gerat (100), umfassend:

eine Prozessoreinheit (110), die dazu konfigu-
riert ist, ein Signal (11) abzurufen, das tberlap-
pende benachbarte Herzschlagpulse umfasst,
die miteinander gemischt sind,

dadurch gekennzeichnet, dass die Prozesso-
reinheit (110) dazu konfiguriert ist, ein Herz-
schlagmodell (23) der Gestalt eines nicht ge-
mischten einzelnen Herzschlagpulses zu erzeu-
gen, basierend auf dem abgerufenen Signal
(11); und wobei die Prozessoreinheit (110) wei-
ter dazu konfiguriert ist, Herzschlage (31) unter
Verwendung des Herzschlagmodells (23) zu er-
fassen.

Gerat nach Anspruch 10, wobei das Modell eine tat-
sachliche Gestalt eines Herzschlagpulses darstellt.

Gerat nach Anspruch 10 oder 11, wobei das Gerat
dazu konfiguriert ist, das Herzschlagmodell durch
Trainieren des Modells unter Verwendung einer Ma-
schinenlerntechnik, so wie (iberwachtes Lernen, zu
aktualisieren.

Gerat nach irgendeinem der vorhergehenden An-
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spriiche 10-12, wobei das Gerat dazu konfiguriert
ist, Informationen iber einen Atemzyklus beim Trai-
nieren des Herzschlagmodells zu verwenden.

Gerét nach irgendeinem der vorhergehenden An-
spriiche 10-13, wobei die Prozessoreinheit dazu
konfiguriert ist, eine Abschatzung von Herzschlag-
Anfangszeiten zu berechnen; und wobei

die Prozessoreinheit weiter dazu konfiguriert ist, die
Abschéatzung bei der Erfassung von Herzschlagen
zu verwenden.

Gerét nach irgendeinem der vorhergehenden An-
spriiche 10-14, wobei die Prozessoreinheit dazu
konfiguriert ist, einen Algorithmus zu implementie-
ren, um die Interferenz Uberlappender Herzschlag-
pulse zu unterdriicken.

Gerét nach irgendeinem der vorhergehenden An-
spriiche 10-15, wobei das Gerat dazu konfiguriert
ist, ein inverses Modell einer urspriinglichen Herz-
schlaggestalt zu erzeugen, das als Ergebnis die Ge-
stalt des Herzschlages ergibt, bevor er mit benach-
barten Schlagen gemischt wurde, und das inverse
Model zu l6sen und die zuriickgewonnene Herz-
schlaggestalt bei der Herzschlagmodell-Erzeugung
und der Herzschlagerfassung zu verwenden.

Computerlesbares Medium, das ein darauf gespei-
chertes Computerprogramm enthalt, das in einem
Geréat ausgefiihrt werden kann, und das bei Ausfiih-
rung dazu konfiguriert ist, das Verfahren nach ir-
gendeinem der Anspriiche 1-9 zu implementieren.

Revendications

1.

2,

Procédé, comprenant les étapes consistant a :

extraire, dans un appareil (100) un signal (11)
comprenant des impulsions de battement de
coeur adjacentes qui se chevauchent mélan-
gées les unes aux autres, caractérisé en ce
que le procédé comprend en outre les étape
consistant a :

créer, dans l'appareil (100), un modele de
battement de coeur (23) de la forme d’'une
impulsion de battement de coeur unique
non mélangée originale sur la base du si-
gnal extrait ; et

détecter des battements cardiaques (31),
au moyen du dispositif (100) en utilisant le
modéle de battement de coeur (23).

Procédé selon la revendication 1, dans lequel le si-
gnal mesure l'activité mécanique d’un systéme car-
diaque.
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3.

Procédé selon la revendication 1 ou 2, comprenant
en outre I'étape consistant a utiliser des informations
concernant le cycle respiratoire dans la détection de
battement de coeur.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel le signal qui mesure une
activité d’un systeme cardiaque est un signal de bal-
listocardiographie ou un signal provenant d’'un cap-
teur de force.

Procédé selon 'une quelconque des revendications
précédentes, comprenant I'étape consistant a pro-
duire des données, indiquant directement ou indi-
rectement une fréquence cardiaque.

Procédé selon 'une quelconque des revendications
précédentes, comprenant en outre :

I’étape consistant a mettre a jour le modele de
battement de coeur en formant le modeéle en uti-
lisant une technique d’apprentissage automati-
que, telle que I'apprentissage supervisé, le mo-
dele de battement de coeur étant un classifica-
teur a apprentissage supervisé.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel le procédé comprend :

I’étape consistant a utiliser des informations de
forme de battement de coeur, des informations
d’intervalle de battement de coeur ou des infor-
mations de phase de cycle respiratoire dans
I'apprentissage du modele.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel le procédé comprend :

I’étape consistant a fournir une estimation d’'une
forme de battement de coeur attendue réalisée
sur la base du modéle.

Procédé selon 'une quelconque des revendications
précédentes, comprenant les étapes consistant a :

créer un modéle inverse d’'une forme de batte-
ment de coeur originale qui donne en tant que
résultat la forme du battement de coeur avant
qu’il ait été mélangé avec des battements
adjacents ; et

résoudre le modéle inverse et utiliser la forme
de battement de coeur récupérée dans la créa-
tion de modele de battement de coeur et la dé-
tection de battement de coeur.

10. Appareil (100) comprenant :

une unité de traitement (110) configurée pour
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extraire un signal (11) comprenant des impul-
sions de battement de coeur adjacentes qui se
chevauchent mélangées les unes aux autres,
caractérisé en ce que l'unité de traitement
(110) est configurée pour créer un modele de
battement de coeur (23) d’une impulsion de bat-
tement de coeur unique non mélangée originale
sur la base du signal extrait (11) ;

et dans lequel

I'unité de traitement (110) est en outre configu-
rée pour détecter des battements de coeur (31)
en utilisant le modéle de battement de coeur
(23).

Appareil selon la revendication 10, dans lequel ledit
modéle indique une forme réelle d’'une impulsion de
battement de coeur.

Appareil selon larevendication 10 ou 11, dans lequel
I'appareil est configuré pour mettre a jour le modéle
de battement de coeur en formant le modéle en uti-
lisant une technique d’apprentissage automatique,
telle que l'apprentissage supervisé.

Appareil selon I'une quelconque des revendications
précédentes 10 a 12, dans lequel I'appareil est con-
figuré pour utiliser des informations concernant une
phase de cycle respiratoire dans I'apprentissage du
modele de battement de coeur.

Appareil selon I'une quelconque des revendications
précédentes 10 a 13, dans lequel

I'unité de traitement est configurée pour calculer une
estimation de moments de début de battement de
coeur, et dans lequel

I'unité de traitement est en outre configurée pour uti-
liser I'estimation dans la détection de battements de
coeur.

Appareil selon une quelconque des revendications
précédentes 10 a 14, dans lequel l'unité de traite-
ment est configurée pour mettre en oeuvre un algo-
rithme destiné a annuler l'interférence des impul-
sions de battement de coeurs qui se chevauchent.

Appareil selon I'une quelconque des revendications
précédentes 10 a 15, dans lequel I'appareil est con-
figuré pour créer un modéle inverse d’une forme de
battement de coeur originale qui donne en tant que
résultat la forme du battement de coeur avant qu'il
ait été mélangé avec des battements adjacents, et
pour résoudre le modeéle inverse et utiliser la forme
de battement de coeur récupérée dans la création
de modéle de battement de coeur et la détection de
battement de coeur.

Support lisible par ordinateur sur lequel est stocké
un programme informatique exécutable dans un ap-
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10

pareil, et configuré, lorsqu’il est exécuté, pour mettre
en oeuvre le procédé selon I'une quelconque des
revendications 1 a 9.
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