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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a processing device, a system and a method for processing accelerometer
signals for use in monitoring vital signs of a subject, according to the appended claims. In particular, the present invention
discloses a processing device, system and method for seismocardiogram signal-processing for the purpose of extracting
heart-related vital sign parameters, according to the appended claims. It finds applications in patient monitoring in
hospitals and at homes.

BACKGROUND OF THE INVENTION

[0002] The respiratory and heart signals and their corresponding rates are fundamental vital signs. The respiratory
rate is one of the most important vital signs for patient monitors in the general ward. Usually, the respiratory and heart
signals are detected through sensor electrodes attached to the person. Such signals can be generated using an obtrusive
approach, which utilizes the attachment of cables, as applied to patients who are on the general ward for a significant
amount of time. Alternatively, also unobtrusive measurement of respiratory and heart signals for a patient monitoring
can be carried out, e.g. by using a battery-powered tri-axial accelerometer attached to a body part of the patient. In this
way, seismocardiogram signals can be detected and used to determine the heart-rate and respiration-rate.

[0003] Also vibrations caused by the mechanical activity of the heart can be measured by using the ballistocardiography
(BCG) technique, where the blood transport causes small changes in center-of-gravity of the person, which can be
measured by measuring the small displacements of a spring-mounted bed. Alternatively, vibrations of the heart or blood-
transport can be measured directly on the skin of a person via an accelerometer. The afore-mentioned techniques are
known as seismocardiography (SCG). Further ways of measuring displacements on the body include kinetocardiography
(KCG) and phonocardiography (using microphones in a cavity placed on the skin). It is noted that kinetocardiography
and phonocardiography also relate to the measurement of the low frequencies of the anterior chest wall, similar to what
is measured by using an accelerometer.

[0004] The SCG signals can be analyzed in order to detect respiratory and heart signals. For instance, two important
events in a single cardiac cycle can be observed, from which one relates to aortic valve opening (AO) and the other
event relates to aortic valve closing (AC). It is important to distinguish between these two events so that the vital signs
are detected accurately and reliably from the SCG signals. However, processing devices and systems for SCG-signal
processing known in the art are not able to output the heart-rate properly, especially when irregular heart-rates occur,
for instance due to heart diseases or movement artifacts.

[0005] Pandia et al. "Motion artifact cancellation to obtain heart sounds from a single chest-worn accelerometer”, 2010
IEEE International Conference on Acoustics Speech and Signal Processing (ICASSP), discloses a method of extracting
primary heart sound signals from chest-worn accelerometer data in the presence of motion artifacts, wherein the proposed
method outperforms noise removal techniques such as wavelet denoising and adaptive filtering.

[0006] Pandia et al. "Extracting respiratory information from seismocardiogram signals acquired on the chest using a
miniature accelerometer,” Physiol. Meas. vol. 33, pp. 1643-1660, 2012 discloses a method for extracting respiration
signals derived from cardiac information.

[0007] US 2010/0331903 A1 discloses a heart sound analyzer which receives electrical signal generated by a heart
sound sensor, wherein the heart sound analyzer comprises an envelope extractor which processes the received signal
to extract an envelope, wherein the heart sound analyzer further comprises a heart sound detector which utilizes an
algorithm to detect heart sound within the envelope signal

SUMMARY OF THE INVENTION

[0008] It is an object of the present invention to provide a processing device, system and method for processing
accelerometer signals according to the appended claims for use in monitoring vital signs of a subject, which enable to
provide vital signs with high accuracy and reliability, even in case of movement artifacts of the patient and/or when the
patient has arrhythmias.

[0009] In a first aspect of the present invention a processing device for processing accelerometer signals for use in
monitoring vital signs of a subject is presented as defined in claim 1.

[0010] In a further aspect of the present invention a system for processing accelerometer signals for use in monitoring
vital signs of a subject is presented that comprises an accelerometer for measuring an accelerometer signal of the
subject in time for one or more spatial directions and a processing device as claimed herein for processing the acceler-
ometer signal measured by the accelerometer.

[0011] In a further aspect of the present invention a computer-implemented method for processing accelerometer
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signals for use in monitoring vital signs of a subject is presented as defined in claim 12.

[0012] In yet a further aspect of the present invention, there is provided a computer program according to claim 13
which comprises program code means for causing a computer having a signal input unit configured to input an accel-
erometer signal of the subject to perform the steps of the method disclosed herein when said computer program is
carried out on a computer.

[0013] Preferred embodiments of the invention are defined in the dependent claims. It shall be understood that the
claimed method, system, and computer program have similar and/or identical preferred embodiments as the claimed
device and as defined in the dependent claims.

[0014] The signalinputunitis configured to input accelerometer signals, in particular seismocardiogram (SCG) signals,
of the subject as a function of time, wherein the accelerometer signals are measured for at least one, preferably three
spatial directions with reference to the patient’'s body. From the input accelerometer signal, the envelope determination
unit is able to determine an envelope signal, which corresponds to an envelope function of the oscillating accelerometer
signal outlining the upper and/or lower boundaries of the accelerometer signal.

[0015] The so-determined envelope signal is subsequently adjusted by the signal adjustment unit, which is configured
to multiply the envelope signal with an adjustment factor. The adjustment factor is calculated by the calculation unit
based on an estimated time interval between the first and the second physiological event of the subject, in particular a
cardiovascular event or a respiratory event. The time interval may be estimated from the input accelerometer signal
and/or the envelope signal determined from the input accelerometer signal. Alternatively, the time interval may be
estimated from external data of the subject. The first and the second physiological event may include aortic valve opening
(AO), aortic valve closure (AC), mitral valve opening (MO), mitral valve closure (MC), peak of rapid diastolic filling (RF),
peak of rapid systolic ejection (RE) isotonic contraction (IC), isovolumic movement (IM) and/or peak of atrial systole (AS).
[0016] Advantageously, the adjustment factor is properly calculated, so that multiplying the envelope signal with the
adjustment factor leads to an improved envelope signal. This enables to detect and monitor vital signs, in particular
heart-related vital signs, with high accuracy and reliability. In particular, different physiological events of the subject that
are registered in the accelerometer signal can be distinguished from each other reliably. For instance, the AO and the
AC event can be distinguished from each other, so that these events can be detected from the adjusted envelope signal
of the subject.

[0017] Further, the present invention enables to preserve vital signals with a relatively high signal strength level and
to suppress vital signals with a relatively low signal strength level under normal conditions. In this way, the vital signs of
the subject can be detected and distinguished from each other reliably.

[0018] For instance, the signal strength level of AO events is normally higher than that of the AC events. The present
invention enables to preserve the AO events and effectively suppress the AC event in the adjusted envelope signal.
Advantageously, the present invention is able to distinguish between the AO and AC events, even if the time difference
between two adjacent heart-cycles is similar to the duration of each heart-cycle.

[0019] It is understood that the present invention is for use with, without being limited to, accelerometer and/or seis-
mocardiogram signals. The basic principle of the present invention is also applicable to phonocardiography (stetho-
scopes). Basically, all these measurements are measuring the vibrations of the skin. Using the present invention, the
envelope of these vibrations can be computed to identify the events (S1, S2) or (AO, AC). Here, S1 relates to the systolic
contraction and S2 relates to the end of systole.

[0020] According to the invention, the calculation unit is configured to shift the determined envelope signal in time by
the estimated time interval by either a positive or negative time-lag or both. In this way, the adjustment factor can be
calculated properly. Advantageously, the adjusted envelope signal is further improved.

[0021] According to the invention, the calculation unit is further configured to calculate the adjustment factor using a
primary function, the primary function comprising a secondary function dependent on the determined envelope signal
and/or the time-shifted envelope signals. The primary and secondary functions comprise one or more algorithms which
enable to obtain a highly accurate adjustment factor. Advantageously, the envelope signal can be properly adjusted.
[0022] In another preferable embodiment, the secondary function uses the determined envelope signal and/or the
time-shifted envelope signals as variables and at least one predefined quantity as parameter. In this way, the value of
the secondary function can be generated so long as the input accelerometer signal and/or the time-shifted envelope
signals are provided to the calculation unit. The at least one predefined quantity enables to adapt the primary and the
secondary function to specific adjustment requirements for adjusting the determined envelope signal. Advantageously,
the adjusted envelope signal is more reliable.

[0023] In another preferable embodiment, the primary function is configured to determine a smaller value out of a
computed value of the secondary function and a constant value, the calculation unit being configured to determine the
adjustment factor as the smaller value. In this way, the calculation unit is able to provide a highly reliable adjustment
factor based on a quantitative comparison. Advantageously, the envelope signal is effectively adjusted, so that the vital
signs can be detected and monitored accurately.

[0024] In another preferable embodiment, the signal adjustment unit is configured to apply a smoothing operator to
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the calculated adjustment factor and multiply the determined envelope signal by the smoothed adjustment factor. The
smoothing operator may be a temporal smoothing operator configured to smooth the adjustment factor temporarily.
Preferably, the smoothing operator is configured to perform an asymmetric temporal smoothing, wherein the smoothing
operator comprises a fast smoothing operator and a slow smoothing operator, wherein the signal adjustment unit is
configured to multiply a first range of the envelope signal with increasing signal strength by the adjustment factor smoothed
using the fast smoothing operator, and/or to multiply a second range of the envelope signal with decreasing signal
strength by the adjustment factor smooth using the slow smoothing operator. Advantageously, this enables to suppress
certain types of the detected vital signs while preserving a gradual modification or gain in an end portion or "tail" of the
signal, where the envelope of the SCG signal decreases again, leading to a better maintenance of the morphology of
the different types of vital signals, in particular heart-related vital signs.

[0025] In another preferable embodiment, the processing device further comprises an estimation unit for estimating
the time interval between the first and the second physiological event based on the determined envelope signal. In this
way, the present invention enables to estimate the time interval so that it does not rely on external estimation units.
Further, the so-estimated time interval is highly accurate and reliable. Advantageously, the obtained envelope signal
can be adjusted reliably.

[0026] In another preferable embodiment, the estimation unit is configured to compute an auto-correlation for the
determined envelope signal. In this way, the time interval between the first and the second physiological event, in
particular a first and a second cardiovascular event, is estimated accurately.

[0027] In another preferable embodiment, the estimation unit is configured to estimate the time interval between an
aortic valve opening and an aortic valve closure of a heart-cycle of the subject. In this way, the adjustment factor calculated
based on the so-estimated time interval is particularly suitable for adjusting the determined envelope signal. Advanta-
geously, heart-related vital signals corresponding to aortic valve opening and aortic valve closure of the subject can be
detected and reliably distinguished from each other.

[0028] In another preferable embodiment, the input unit is configured to select the accelerometer signal measured in
the ventral-dorsal direction of the subject. The majority of the forces caused by the heart show in the ventral-dorsal
direction of the body, so that the seismocardiogram signal measured in the ventral-dorsal direction has the highest
probability of containing the most heart-related vital signs of the subject. Advantageously, the present invention is able
to process accelerometer signals with high efficiency.

[0029] In another preferable embodiment, the envelope determination unit comprises a first band-pass filter for ex-
tracting a first portion of the accelerometer signal within a frequency range from a lower threshold frequency to an upper
threshold frequency, an absolute-value-generator for generating an absolute value of the accelerometer signal, and/or
a second band-pass filter for extracting a second portion of the accelerometer signal at frequencies higher than, equal
to or lower than a cutoff-frequency. The first and/or the second band-pass filter is utilized to filter out unwanted signals.
The absolute-value-generator is utilized to obtain non-negative values for the accelerometer signal. Advantageously,
the envelope signal can be determined with high accuracy.

[0030] In another preferable embodiment, the processing device further comprises a peak detection unit for detecting
in the determined envelope signal one or more maxima and/or minima each associated with a physiological event. Using
the peak detection unit, physiological events, in particular cardiovascular events such as AO, AC, MO, MC, RE and RF
can be detected. Advantageously, the corresponding vital signs can be effectively monitored.

[0031] In another preferable embodiment, the processing device further comprises a classification unit for classifying
a peak detection result by deriving one or more classification features from the determined envelope signal. The one or
more classification features may comprise the maximum or mean amplitude of the envelope signal, the mean and
variance of the peak-to-peak intervals as being detected by the peak detector and the similarity in morphology of multiple
heart-cycles from the envelope signal in combination with the peak detection results. When looking at similarity of multiple
heart-cycles, it can be beneficial to distinguish between the heart-cycle morphologies during premature ventricular
contractions (like in Trigenimy arrhythmias) versus regular heart-cycle morphologies. Advantageously, the present in-
vention enables to reliably distinguish between peaks of different heart-cycles, so that the reliability of the monitored
vital signs of the subject is further increased.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] These and other aspects of the invention will be apparent from and elucidated with reference to the embodiments
described hereinafter. In the following drawings

Fig. 1 shows a schematic representation of a monitoring system for monitoring vital signs of a patient, wherein the
monitoring system is attached to the body of the patient;

Fig. 2 shows an example of a seismocardiogram (SCG) signal compared to an electrocardiogram (ECG) signal;
Fig. 3A-F show further examples of seismocardiogram signals;
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Fig. 4 shows a schematic block diagram of a processing device according to an embodiment;

Fig. 5 shows exemplary measurement results of modulation of amplitudes of seismocardiogram signals;

Fig. 6 shows exemplary measurement results of modulation of time-differences of seismocardiogram signals;
Fig. 7 shows a pre-processing unit of the processing device in Fig. 4;

Figs. 8A-D show exemplary measurement results of seismocardiogram signals;

Fig. 9 shows a processing device according to another embodiment;

Fig. 10 shows a further pre-processing unit according to another embodiment;

Fig. 10’ shows a further pre-processing unit according to another embodiment;

Fig. 11 shows an exemplary auto-correlation for estimating a time-interval between two cardiovascular events;
Fig. 12 shows a processing device according to another embodiment;

Fig. 13 shows a processing device according to a further embodiment;

Figs. 14A-C show a first exemplary result of seismocardiogram measurements;

Figs. 15A-C show a second exemplary result of seismocardiogram measurements;

Figs. 16A-C show a third exemplary result of seismocardiogram measurements;

Fig. 17 shows a schematic block diagram of the monitoring system in Fig. 1;

Figs. 18A-C show a monitoring system according to another embodiment;

DETAILED DESCRIPTION OF THE INVENTION

[0033] The respiratory and heart signal and its corresponding rates are fundamental vital signs. The respiratory rate
is one of the most important vital signs for patient monitors in a general ward. Usually, the vital signals are generated
through sensor electrodes attached to the person, as is the case using electrocardiogram (ECG). However, as many
patients spend a significant amount of time on the general ward, the ECG-based solution utilizing attachment of cables
are normally obtrusive, meaning that the sensor electrodes are in direct contact with the patient, e.g. the skin of a body part.
[0034] Respiratory and heart signals can also be monitored using an unobtrusive solution, for instance, by means of
abattery-powered tri-axial accelerometer attached to the body of the patient, as shown in Fig. 1. Fig. 1A showsiillustratively
an embodiment of a monitoring system 10 for processing seismocardiogram signals for use in monitoring heart-related
vital signs. The monitoring system 10 comprises an accelerometer and a processing device, which will be explained in
more detail later. The monitoring system 10 is carried by an attaching means 12 which functions as a case for the
monitoring system 10 in order to form a portable system 14. As shown in Fig. 1A, the monitoring system 10 can be
detachably introduced into the inner part of the attaching means 12 via an opening 13. After loading, a belt-like closing
means which is fastened to the attaching means on one side, can be used to lock the monitoring system 10 by connecting
the other side of the belt-like closing means 15 to the attaching means 12.

[0035] The portable system 14 is detachably attachable to the patient. Fig. 1B shows a Cartesian coordinate system
with respect to the portable system 14 attached to the patient 16 in Fig. 1A.

[0036] Using the monitoring system 10, seismocardiogram signals can be measured in order to determine the heart-
rate of the patient. In particular, the vibrations of the heart or blood-transport can be directly measured using the accel-
erometer of the monitoring system 10. Fig. 2 shows an SCG signal as disclosed in Crow et al., "Relationship between
seismocardiogram and echocardiogram for events in the cardiac cycle", Am. J. Noninvasive Cardiol., no. 8, pp. 39-46,
1994. In particular, an exemplary SCG signal (lower graph) compared to an exemplary ECG signal is shown in Fig. 2.
The SCG signal has been averaged from a plurality of measurement results. The ECG signal can be used to segment
the SCG signal into different portions. In this case, it is advantageous to use an ECG signal which has been measured
simultaneously to the SCG signal.

[0037] As shown in Fig. 2, a plurality of cardiovascular events can be extracted from the SCG signal by detecting the
corresponding peaks and/or valleys. For instance, the cardiovascular events aortic valve opening (AO), aortic valve
closing (AC), mitral-valve closing (MC) and mitral-valve opening (MO) can be extracted from the SCG signal by detecting
their corresponding peaks. The AO- and the MC-peaks are located within an oscillation region S1, wherein the AC- and
MO-peaks are located within another oscillation region S2, as shown by the arrows in Fig. 2. In particular, the S1 oscillation
relates to the systolic contraction and the S2 oscillation relates to the end of systole.

[0038] Fig. 3 shows another example of SCG measurements compared with an ECG measurement. In Fig. 3A, a
plurality of ECG signals are shown for a patient lying in a supine position over a time period of 700 ms. Here, an R-peak
can be seen within the first 100 ms, followed by the T-peak at approximately 250 ms and finally the P-peak of the next
heart-cycle visible and approximately 550 ms. The letters Q, R, S, T and P indicate a Q-wave, R-wave, S-wave, T-wave,
and P-wave detected in the ECG signal. As there is a typical variation in the heart-cycles related to the R-R periods,
only the initial part of the measurement, i.e. the first 700 ms of the heart-cycle starting with time 0 at which an ORS
complex is visible is shown.

[0039] The ECG signal is preferably used to segment the accelerometer data in Fig. 3B and Fig. 3C, wherein only the
accelerometer data for the z-axis corresponding to the ventral-dorsal direction perpendicular to the skin of the patient
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is shown, measured for the same time period as the ECG signal in Fig. 3A. Further, the SCG signal has been filtered
using a band-pass filter so that only the signal portion within a frequency range from 10 to 40 Hz is taken into account.
[0040] In Fig. 3B, a plurality of SCG signals are shown for the end of an inhale. A plurality of peaks corresponding to
the cardiovascular events AO, AC, MO and MC can be seen in the results. In Fig. 3C, SCG signals measured at the
end of an exhale, in addition to the SCG signals shown in Fig. 3B. The SCG signals measured at the end of the exhale
are shown as solid curves, whereas the SCG signals measured at the end of inhale are shown as dashed curves. It is
distinguished between the averaging process between two phases, namely the end of an inhale and the end of an
exhale. For this differentiation, a respiratory inductive plethysmography (RIP) band, hereafter called 'respiband’, is used
to capture the respiration signal (indicative for the respiratory volume) of the patient.

[0041] In Fig. 3D, an averaged ECG signal averaged from the plurality of ECG signals shown in Fig. 3A is shown. In
Fig. 3E, an averaged SCG signal averaged from the plurality of SCG signals shown in Fig. 3B is shown. In Fig. 3F, an
averaged SCG signal averaged from the plurality of SCG signals shown in Fig. 3C is shown. In Fig. 3D-F, it can be seen
that during the end of the inhale the AO will be larger and the AC will be smaller compared to the end of the exhale.
Hence, the ratio AO / AC peaks will be indicative of the respiratory phase.

[0042] The results in Fig. 3A-F show a high correspondence with the results of Crow et al., as shown in Fig. 2.
[0043] Fig. 4 shows a processing device 18 for processing accelerometer signals for use in monitoring heart-related
vital signals for a subject. The processing device 18 comprises a pre-processing unit 20, a peak detection unit 22 and
a classification unit 24. The pre-processing unit is configured to receive an accelerometer signal measured for at least
once, preferably three spatial directions mentioned above in Fig. 1B. As shown in Fig. 4, the seismocardiogram signals
17a-c for the three spatial directions x, y and z with respect to the monitored subject are received by the pre-processing
unit 20. The pre-processing unit 20 comprises an envelope determination unit 19 (Fig. 7) for determining an envelope
signal 21 of the input accelerometer signals 17a-c. The peak detection unit 22 is configured to detect one or more maxima
and/or minima in the determined envelope signal 21, each maximum and/or minimum being associated with a cardio-
vascularevent. Forinstance, the peak detection unit 22 may be configured to detectan AO eventinthe envelope signal 21.
[0044] After detecting the one or more maxima and/or minima, a data set containing the maxima/minima associated
with the corresponding cardiovascular events (indicated by the dashed arrow 23’) may be output. Further, a new data
set comprising the envelope signal 21 and one or more indicators indicating the cardiovascular events associated with
the maxima/minima can be output (as shown by arrow 25) for deriving a vital sign, such as a heart-rate.

[0045] Furthermore, from the cardiac events, also the respiration-rate can be derived; it is known from 'K.Pandia,
O.T.Inan, G.T.A. Kovacs, and L. Giovangrandi, "Extracting respiratory information from seismocardiogram signals ac-
quired on the chest using a miniature accelerometer," Physiol. Meas. vol. 33, pp. 1643-1660, 2012." that respiration
information can be obtained via the AO, AC, MO and MC events.

[0046] When looking at the modulation of amplitudes of these events, we can show via the example in Fig. 5 that a
respiration-wave can be derived.

[0047] Not only the modulation of the peaks of the cardiac events give information regarding the respiration-rate; also
the modulation in time-differences of the cardiac events are known to provide information about the respiration-rate.
This is shown in Fig. 6. Both the modulation of time-differences and amplitudes of cardiac events are indirect measure-
ments of the respiration-rate. They should be combined with direct measurements of the respiration-rate by the accel-
erometer. More specifically, the tilt of the accelerometer will be a direct measurement of the chest movement. However,
this is outside the scope of our invention.

[0048] Preferably, the envelope signal 21 and a data set 23 containing the maxima/minima associated with the cor-
responding cardiovascular events are further processed by the classification unit 24, which classifies the peak detection
result by deriving one or more classification features from the envelope signal 21. In particular, the classification unit 24
computes the one or more classification features based on a portion of the envelope signal 21 with a predefined time
length, e.g. eight seconds, and classifies the peak detection result as being either "good" or "bad". For instance, when
the monitored subject has shown severe movements artifacts, corresponding motion features may be derived by the
classification unit 24, which preferably classifies the envelope signal with its corresponding peak-detections in the eight
seconds window as "bad". Consequently, the envelope signal determined for these time window and/or the accelerometer
signal input for these time window will be classified as "bad". The labeling of the classification may be output as indicated
by arrow 27.

[0049] Preferably, the classification unit 24 is configured to classify the peak detection result based on a wave-shape
model. In particular, the similarities in morphology in a heart-cycle are utilized. It is noted that the term "peak" refers to
both maximum and minimum within the scope of the present application.

[0050] Fig. 7 discloses an envelope determination unit 19 of the pre-processing unit 20 of Fig. 4. The envelope
determination unit 19 comprises a band-pass filter (BPF) 26 for extracting a portion of the accelerometer signal 17a-c
within the frequency range. Preferably, the BPF 26 is configured to filter out the signals related to breathing with mainly
low frequencies up to 5 Hz by choosing an upper threshold frequency of 40 Hz and a lower threshold frequency of 10
Hz. Subsequently, the band-pass filtered accelerometer signals 17a-c, each representing a spatial direction or axis, are
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processed by an absolute-value-generator 28, which computes the absolute value for each of the three axes.

[0051] The absolute values of the accelerometer signals 17a-c, which are considered each as a SCG signal, are then
added together by a summator 30, resulting in one single accelerometer signal 31. The accelerometer signal 31 is
subsequently forwarded to an envelope filter 32, which comprises a low-pass filter (LPF) 34 and optionally also a high-
pass filter (HPF) 36 to remove the baseline (DC) signal. The LPF 34 is configured to extract a portion of the SCG signal
at frequencies lower than a cutoff-frequency, wherein the HPF 36 is configured to extract a portion of the SCG signal at
frequencies higher than a cutoff-frequency (equal to or lower than, equal to or higher than) Preferably, the cutoff-
frequencies of the LPF 34 and/or the HPF 36 can be varied depending on the expected range of heart-rate for particular
patient groups. For example, younger age-groups will preferably have higher cutoff-frequencies. Using the envelope
filter 32, the envelope of the SCG signal 31 can be computed.

[0052] Fig. 8 shows the results of four different measurements for the same time window. Fig. 8A shows a respiband
signal. The respiband signal shows oscillatory behavior. Fig. 8B shows an ECG signal of the same patient. Fig. 8C
shows a band-pass filtered accelerometer signal for the z-axis corresponding to the SCG signal 17cin Fig. 9 after passing
the BPF 26. Here, measurement of the respiration-rate via the modulation (in time and/or amplitude) of the AO and AC
events is shown, wherein the ratio AO/AC gives information about the respiration rate. Fig. 8D shows a first envelope
signal (dashed curve) and a second envelope signal (solid curve), wherein both envelope signals have been determined
using the envelope determination unit 19 in Fig. 9. In particular, the cutoff-frequency of the LPF 34 is lowered for the
second envelope signal (solid curve) compared to the first envelope signal (dashed curve) as can be seen in Fig. 8D,
both envelope signals show oscillatory behavior with a plurality of periodic maxima and minima, including the minima
37 of the first envelope signal and the minima 39 of the second envelope signal. The minima 37, 39 correspond to the
AC event. As can be seen from Fig. 8D, the minima 39 of the second envelope signal are significantly lower in amplitude
than the minima 37 of the first envelope signal, indicating that the AC event in the second envelope signal is more
strongly suppressed compared to the first envelope signal, due to the lower cutoff frequency of the LPF 34.

[0053] Fig. 9 shows another processing device 18 comprising a pre-processing unit 20i, wherein the pre-processing
unit 20i comprises a signal input unit 38, an envelope determination unit 40, a signal adjustment unit 42 and a calculation
unit 44. An SCG signal 17 measured from the subject 16 is input the signal input unit 38 and subsequently processed
by the envelope determination unit 40 which may be the envelope determination unit 19 shown in Fig. 9 and determines
an envelope signal 41. The envelope signal 41 is subsequently adjusted by the signal adjustment unit 42 in order to
generate an adjusted envelope signal. For this purpose, the envelope signal 41 is multiplied by an adjustment factor 43
which is calculated by a calculation unit 44 based on an estimated time interval 45 between a first and a second
cardiovascular event of the subject 16. The time interval 45 is estimated by an estimation unit 46. In the embodiment
shown in Fig. 9, the estimation unit 46 is arranged separately from the processing device 18'. Alternatively, the processing
device 18’ may include the estimation unit 46.

[0054] Fig. 10 shows an alternative pre-processing unit 20ii for the processing device 18’ in Fig. 9. The envelope
determination unit 40 comprises the band-pass filter 26 and the absolute-value-generator 28 as specified under reference
of Fig. 9. Further, the envelope determination unit 40 comprises a low-pass filter 35. The SCG signal 17 inputs to the
signal input unit 38 is band-pass filtered by the band-pass filter 26. Preferably, the SCG signal 17 comprises an accel-
erometer signal for the z-axis only, wherein the z-axis corresponds to the ventral-dorsal direction of the subject 16.
Further preferably, the frequency range of the BPF 26 is chosen as from 10 to 40 Hz. Then, the band-pass filtered SCG
signal is processed by the ABS 28, before being processed by the LPF 35. The LPF 35 is configured to extract the
envelope signal 41 from the absolute value of the band-pass filtered SCG signal using a cutoff- frequency, preferably 8
Hz. In this way, the signal parts, in particular the peaks corresponding to the AO and AC events are well maintained in
the envelope signal 41.

[0055] The envelope signal 41 is subsequently adjusted by the signal adjustment unit 42, which multiplies the envelope
signal 41 with the adjustment factor 43. The adjustment factor 43 is calculated by the calculation unit 44. In particular,
the calculation unit 44 calculates the adjustment factor 43 based on the envelope signal 41 determined by the envelope
determination unit 40. Further, the adjustment factor 43 is calculated based on a time-shifted envelope signal 49, wherein
the time-shifted envelope signal 49 is obtained by delaying the envelope signal 47 adjusted from the signal adjustment
unit42 by the time interval 45 using the estimation unit46. The estimation unit 46, which is integrated in the pre-processing
unit 20ii in Fig. 10, estimates the time interval based on the envelope signal 41 provided by the LPF 35.

[0056] Preferably,thetimeinterval 45is estimated using an auto-correlation of the SCG envelope 41. Further preferably,
the time interval 45 is estimated being a left ventricular ejection time (LVET), which is the time interval between an AO
event and a subsequent AC event within the same heart-cycle. An exemplary auto-correlation signal is shown in Fig.
11, where the auto-correlation is computed for a time window of eight seconds, wherein the time is indicated by the lag
number. The auto-correlation signal is computed using input signals sampled at 62.5 Hz; this means that a lag number
of 125 is equivalent to 2 seconds. As can be seen in Fig. 11, the auto-correlation decreases starting from lag number
0. After the first minimum, the auto-correlation increases again and the first local maximum lies at the lag number 20,
which corresponds to approximately 320 ms in time. The time interval between the lag number 0 and the lag number
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20 is determined as the LVET. The next peak of the auto-correlation appears at a lag number of approximately 42, as
indicated by the second dashed line, wherein the time interval between the lag number 0 and the second peak at lag
number 42 corresponds to the heart-rate period T, which is the reciprocal value of the heart-rate. Hence, an algorithm
to find the LVET can be based on finding the first local maximum starting from lag number 1. It is noted that in this
particular example the heart-cycle is constant over time, which results in a clear increase at lag 42. However, when we
have a situation with irregular heart-rates, this does not have to be the case.

[0057] After the envelope signal 47 has been delayed in time by the amount of the estimated time interval 45, which
results in the time-shifted envelope signal 49, the calculation unit 44 preferably uses a primary function to calculate the
adjustment factor 43. In particular, the primary function has the following form:

G:min{f(x,yA),c} (1)

f(x,y,)is a secondary function, wherein x represents the envelope signal 41 determined from the envelope determination
unit 40 and y , represents the time-delayed envelope signal 49 provided by the estimation unit 46. Preferably, the primary
function G is a gain function, wherein the secondary function f(x, y,) has the following form:

S, p,) = ——— 2)

Y-YaTE

[0058] The quantities € and y are predefined parameters, wherein ¢ is chosen to prevent the secondary function f from
having a denominator equal to 0, and y is chosen for setting the amount of suppression of the envelope signal for a
particular cardiovascular event. Preferably, the value of y is equal or larger than 1.

[0059] In a preferable embodiment, the quantity y, represents the envelope signal 49 delayed by the LVET. The
primary function G (x, y,) therefore uses the quantities x and y, as variables and the quantities y and ¢ as predefined
constant parameters. In particular, the primary function G (x, y,) is configured to determine a smaller value out of the
computed value of the secondary function f(x, y,) and the constant value ¢, wherein c is preferably equal to 1. The so-
determined smaller value out of the computed value of the secondary function f (x,y,) and the constant value c, ¢ being
preferably equal to 1, will be chosen as the adjustment factor 43. In the following, the way of function of the processing
device 18’ in Fig. 9, in particular the pre-processing unit 20i, 20ii, will be discussed using the cardiovascular events AO
and AC as an example. When detecting SCG signals for monitoring heart-related vital signals, it is desirable that the
peak corresponding to the AC event is suppressed in the envelope signal compared to a peak corresponding to the AO
event, since this corresponds to the normal heart-rate behavior and enables a reliable determination of the subject’s
heart-rate. For the case, in which the envelope signal 47 effectively shows preserved peaks corresponding to the AO
events while showing suppressed peaks corresponding to the AC events, the quantity y, representing the envelope
signal 49 delayed by the LVET contains the peaks for the AO event in the same time windows as the quantity x, which
represents the envelope signal 41 before adjustment, contains the peaks for the AC events. This is based on the
assumptions that the LVET remains essentially constant during the measurement and that the peaks for the AO events
have higher signal strength compared to the AC events. The latter assumption is, however, not always fulfilled, since
an AO peak without a significant cardiac output may occasionally be detected, e.g. when the patient has arrhythmia’s.
[0060] As a result, the value of the gain function G (x, y,) is close to 0, resulting in an adjusted envelope signal 47
effectively suppressing the peaks corresponding to the AC events. In a preferable embodiment, the value of the gain
function G (x, y,) can be temporarily smoothed before being multiplied with the envelope signal 41. For instance, an
asymmetric temporal smoothing may be applied which consists of a fast smoothing and a slow smoothing, wherein the
adjustment factor smoothed using the fast smoothing is applied to adjust the envelope signal 41 in a first region, in which
the signal strength of the envelope signal 41 increases. Further, the adjustment factor smoothed using a slow smoothing
is applied to adjust the envelope signal in a region, in which the signal strength of the envelope signal decreases. Further
preferably, the slow smoothing utilizes a time constant and/or a memory amount larger than that utilized in the fast
smoothing. Advantageously, the AC peaks can be effectively suppressed in the adjusted envelope signal while a gradual
modification or gain in the "tail" of the adjusted envelope signal is still preserved, leading to an improved maintenance
of the morphology of the peaks for the AO events and residual AC events in the envelope signals.

[0061] In the time windows, in which the quantity x representing the envelope signal 41 before adjustment contains
peaks for the AO event, the quantity y, representing the envelope signal 47 delayed by the LVET is small so that the
value of the gain function G (x,y,), hence the adjustment factor, will be equal to 1. The reason why the quantity y, is
small is because of the feedback loop 51 in the pre-processing unit 20ii of Fig. 10. This means that even if the time
difference between the AC event of a first heart-cycle and the AO event of subsequent heart-cycle is close to or exactly
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equal to the LVET-time, the two heart-cycles can be effectively distinguished from each other since the peaks corre-
sponding to the AC event of the first heart-cycle are suppressed by the AO event of the same heart-cycle.

[0062] The afore-mentioned normal heart-related behavior is not always the case, especially when the patient suffers
fromirregular heart-beats such as none-effective heart-beats. In this case, the parametery may be increased, forinstance
by using y = 3, in order to achieve an effective suppression of the AC peaks.

[0063] The presentinvention therefore enables to correctly classify the peak detection even when irregular heart-rates
occur. In particular, the peak detection result is reliable even when the AC peak has a similar or even higher amplitude
compared to the AO peak and/or the AC peak is closely followed by an AO peak of the subsequent heart-cycle in the
envelope signal determined. It is understood that the afore-mentioned example involving AO and AC events is one of
numerous possibilities of using the present invention. In particular, the estimated time interval may be different from the
LVET.

[0064] For the situation where the AO peak of a next heart-cycle merges with the AC peak of the current heart-cycle,
as visible in Fig. 14, a further preferable embodiment of the pre-processing unit 20iii is presented as shown in Fig. 10’
where the calculation unit 44 preferably uses a primary function to calculate the adjustment factor 43 which has the
following form:

G= min{f(x, Ya ’yAZ)’C} )

where f(x, Y5, Ya2) is @ secondary function, wherein x represents the envelope signal 41 determined from the envelope
determination unit40, y, represents the positively time-shifted (i.e. delayed) envelope signal 49 provided by the estimation
unit 46 and y,, represents the negatively time-shifted envelope signal 49’ to look ahead in time. Looking ahead in time
can be made possible by delaying the envelope signal 41 with the delay-unit 46’ and providing the envelope signal 41
as input for the estimation unit 46. The delay-value for the delay-unit 46’ can be chosen a-priori depending on the worst-
case (largest) value of the delay computed by the estimation unit 46. Preferably, the primary function G is a gain function,
wherein the secondary function f(x, y,, y,») has the following form:

X
max{yA —yA2,0}+8

f(xaymym):y 4)

[0065] Fig. 12 shows an alternative processing device 54 comprising the pre-processing unit 20i, 20ii as shown in Fig.
9-8, the detection unit 22 and the classification unit 24 as shown in Fig. 4. In this way, the adjusted envelope signal 47
provided by the pre-processing unit 20i, 20ii is processed by the detection unit 22 to detect one or more peaks each
associated with a cardiovascular event. The result of the peak detection is then classified by the classification unit 24,
similar to the case described under reference of Fig. 4. In a preferable embodiment, the pre-processed signal 47 is
provided as input for the classification unit 24.

[0066] Fig. 13 shows schematically another alternative processing device 56, which comprises both the pre-processing
unit 20 shown in Fig. 4 and the pre-processing unit 20i, 20ii shown in Fig. 9-8. In particular, both pre-processing units
20, 20i, 20ii are configured to interact with the peak detection unit 22 and the classification unit 24, wherein for the case,
in which a peak detection and consequently the determined envelope signal from the pre-processing unit 20 is classified
as "bad", the other pre-processing unit 20i, 20ii is utilized to process the SCG signal in the same way as described under
reference of Fig. 9-8. In a preferable embodiment, the pre-processed signal from one or more of the pre-processing
units 20, 20i, 20" is provided as input for the classification unit 24. Preferably, only the SCG signal 17c¢ is processed by
the pre-processing unit 20i, 20ii, wherein the SCG signal 17c may correspond to the Z-axis in a direction of the ventral-
dorsal direction of the patient’s body. Further preferably, the pre-processing unit 20i, 20ii is activatable by the classification
unit 24, as indicated by the dashed arrow 52 in Fig. 13.

[0067] Alternatively, two processing devices may be connected one after another, one being the processing device
18 shown in Fig. 4, the other being the processing device 54 shown in Fig. 12.

[0068] Figs. 14-16 show exemplary measurement results of SCG signal processing. Fig. 14A shows a first envelope
signal (solid curve) determined before being adjusted by the adjustment unit, and a second envelope signal (dashed
curve) obtained after adjusting the first envelope signal using the signal adjustment unit. Both the first and the second
envelope signals show a plurality of maxima-peaks. The peaks 573, b as indicated by the dashed circle corresponds to
an AO event, which is detected both in a first and a second envelope signal. Further, the two peaks 57a, b detected in
the two envelope signals essentially overlap each other, meaning that the adjustment factor applied to adjust the first
envelope signal at a position of this peak 57a in order to yield the peak 57b in the second envelope signal is essentially
equal to one. This shows that the present invention is able effectively preserve the AO peaks in the envelope signal.
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[0069] A subsequent peak 58a, b can also be seen in both envelope signals, wherein the peaks 58a, b correspond to
an AC event. As can be seen in Fig. 14A, the amplitude of the peak 58b detected in the second envelope signal is
significantly suppressed compared to the peak 58a detected in the first envelope signal. This shows that the present
invention is able to effectively suppress AC peaks in the envelope signal.

[0070] Fig. 14B shows an ECG signal (upper graph) and a plethysmography signal (lower graph) corresponding to
the SCG signal shown in Fig. 14A.

[0071] Fig. 14C shows the heart-rate derived from the second envelope signal shown in Fig. 14A over a time window
of 700 s (10 s for Fig. 14A). The resolution of the heart-rate measurement is 8 s, which means that after each next 8 s,
there could be a heart-rate computed. As can be seen in Fig. 14B, the so-derived heart-rate lies around 100 beats per
minute, which corresponds well to the heart-rate determined from ECG for the same patient.

[0072] Fig. 15A shows essentially similar results compared to Fig. 14A. Fig. 15B shows an ECG signal (upper graph)
and a plethysmography signal (lower graph) corresponding to the SCG signal shown in Fig. 15A. The heart-rate derived
from the second envelope signal of Fig. 15A is shown in Fig. 15C wherein it can be seen that the so-derived heart-rate
lies around 90 beats per minute, thereby corresponding well to the heart-rate determined from ECG.

[0073] Fig. 16A shows another set of first and second envelope signals, similar to those shown in Fig. 14A and Fig.
15A, wherein the signal-to-noise ratio (SNR) of Fig. 16A is significantly lower compared to Fig. 14A and Fig. 15A.
Nevertheless, the heart-rate derived from the second envelope signal (dashed curve) of Fig. 16A lies around 60 beats
per minute, as shown in Fig. 16C, thereby corresponding well to the heart-rate determined from ECG for the same
patients, as shownin Fig. 16B (upper graph). Fig. 16B also shows a plethysmography signal (lower graph) corresponding
to the SCG signal shown in Fig. 16A. This shows that the present invention is able to deliver a reliable result of heart-
related vital signs even under low SNR.

[0074] Fig. 17 shows a monitoring system 10 comprising an accelerometer 48 attached to a patient 16 and the process-
ing device 18 shown in Fig. 9, which comprises the pre-processing unit 20i, 20ii. The accelerometer signal 59 measured
by the accelerometer 48 is processed by the processing device 20i, 20ii for monitoring heart-related vital signs of the
subject 16. Preferably, the monitoring system 10 further comprises a display for displaying the processing result of the
processing device 18’. In particular one or more of the following signals may be displayed: The SCG signal, the envelope
signal before and/or after adjustment, one or more indicators indicating one or more peaks detected in the envelope
signal, one or more labels which indicate the classification of the peak detection, and/or a heart-rate derived from the
envelope signal before and/or after adjustment. Further preferably, the processing device 18 may be configured to
receive and/or display an ECG signal, simultaneously to the processing result from the SCG signal or for different time
interval.

[0075] Fig. 18A shows an embodiment of the monitoring system 10’, comprising a housing, wherein the accelerometer
resides inside the housing and the processing device 18’ is also embedded within the housing. Furthermore, heart-rates
and respiration-rates are being transmitted intermittently to the central station or generic patient-monitor via a wireless
connection, thereby reducing the power-consumption. The power is provided via the battery that also resides within the
housing. In addition, an attaching means 12 is provided to mechanically fix the monitoring system 10’, thereby forming
a portable system 14’ shown in Fig. 18B.

[0076] As shown in Fig. 18C, the portable system 14’ can be attached to a body part of the patient 16. The closing
means 15 of the attaching means 12 can be folded in order to strengthen the fixing of the housing of the monitoring
system 10’. Furthermore, by the attaching means 12, a device with a depleted battery can be replaced by a new device
with recharged battery without using a new disposable adhesive.

[0077] While the invention has been illustrated and described in detail in the drawings and foregoing description, such
illustration and description are to be considered illustrative or exemplary and not restrictive; the invention is not limited
to the disclosed embodiments. Other variations to the disclosed embodiments can be understood and effected by those
skilled in the artin practicing the claimed invention, from a study of the drawings, the disclosure, and the appended claims.
[0078] In the claims, the word "comprising" does not exclude other elements or steps, and the indefinite article "a" or
"an" does not exclude a plurality. A single element or other unit may fulfill the functions of several items recited in the
claims. The mere fact that certain measures are recited in mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage.

[0079] A computer program may be stored/distributed on a suitable medium, such as an optical storage medium or a
solid-state medium supplied together with or as part of other hardware, but may also be distributed in other forms, such
as via the Internet or other wired or wireless telecommunication systems.

[0080] Any reference signs in the claims should not be construed as limiting the scope.

Claims

1. Processing device for processing accelerometer signals (17, 17a-c) for use in monitoring vital signs of a subject,
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comprising:

- a signal input unit (38) configured to input an accelerometer signal (17, 17a-c) of the subject in time, the
accelerometer signal (17, 17a-c) being related to at least one physiological event being a cardiovascular or a
respiratory event of the subject and measured for at least one spatial direction,

- an envelope determination unit (19, 40) configured to determine an envelope signal (21,41) of the input
accelerometer signal (17, 17a-c),

- a calculation unit (44) configured to

calculate an adjustment factor (43) based on an estimated time interval (45) between a first and a second
physiological event of the subject,

use a positively and/or negatively time-shifted version of the envelope signal (21, 41), shifted by the estimated
time interval (45), and

calculate the adjustment factor (43) using a primary function, the primary function comprising a secondary
function dependent on the determined envelope signal (21, 41) and/or the positively and/or negatively time-
shifted version of the envelope signal (21, 41), and

- a signal adjustment unit (42) configured to adjust the determined envelope signal (21,41) by multiplying the
envelope signal (21, 41) with the calculated adjustment factor (43).

Device of claim 1, wherein the secondary function uses the determined envelope signal (21, 41) and/or the positively
and/or negatively time-shifted version of the envelope signal (49) as variable and at least one predefined quantity
as parameter.

Device of claim 1, wherein the primary function is configured to determine a smaller value out of a computed value
of the secondary function and a constant value, the calculation unit (44) being configured to determine the adjustment
factor (43) as the smaller value.

Device of claim 1, wherein the signal adjustment unit (42) is configured to apply a smoothing operator to the calculated
adjustment factor (43) and multiply the determined envelope signal (21) by the smoothed adjustment factor (43).

Device of claim 1, further comprising an estimation unit (46) configured to estimate the time interval between the
first and the second physiological event based on the determined envelope signal (21,41).

Device of claim 5, wherein the estimation unit (46) is configured to compute an auto-correlation for the determined
envelope signal (21,41) and/or to estimate the time interval between an aortic valve opening and an aortic valve
closure of a heart-cycle of the subject.

Device of claim 1, wherein the input unit is configured to select the accelerometer signal (17, 17a-c) measured in
the ventro-dorsal direction of the subject.

Device of claim 1, wherein the envelope determination unit (19, 40) comprises a first band-pass filter (26) configured
to extract a first portion of the accelerometer signal (17, 17a-c) within a frequency range from a lower threshold
frequency to an upper threshold frequency, an absolute-value-generator (28) configured to generate an absolute
value of the accelerometer signal (17, 17a-c), and/or a second band-pass filter (34, 35, 36) configured to extract a
second portion of the accelerometer signal (17, 17a-c) at frequencies higher than, equal to or lower than a cutoff-
frequency.

Device of claim 1, further comprising a peak detection unit configured to detect in the determined envelope signal
(21, 41, 47) one or more maxima and/or minima each associated with a physiological event.

Device of claim 1, further comprising a classification unit configured to classify a peak detection result by deriving
one or more classification features from the determined envelope signal (21, 41,47).

System for processing accelerometer signals (17, 17a-c) for use in monitoring vital signs of a subject, comprising:
- an accelerometer (48) configured to measure an accelerometer signal (17, 17a-c) of the subject in time for
one or more spatial directions,

- a processing device (18, 18’, 54, 56) as claimed in claim 1 for processing the accelerometer signal (17, 17a-
c) measured by the accelerometer (48).
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12. Computer-implemented method for processing accelerometer signals (17, 17a-c) for use in monitoring vital signs

of a subject, comprising:

- receiving an accelerometer signal (17, 17a-c) of the subject in time, the accelerometer signal (17, 17a-c) being
related to at least one physiological event being a cardiovascular or a respiratory event of the subject and
measured for at least one spatial direction,

- determining an envelope signal (21, 41) of the input accelerometer signal (17, 17a-c),

- calculating an adjustment factor (43) based on an estimated time interval (45) between a first and a second
physiological event of the subject,

- using a positively and/or negatively time-shifted version of the envelope signal (21, 41), shifted by the estimated
time interval (45),

- calculating the adjustment factor (43) using a primary function, the primary function comprising a secondary
function dependent on the determined envelope signal (21, 41) and/or the positively and/or negatively time-
shifted version of the envelope signal (21, 41), and

- adjusting the determined envelope signal (21, 41) by multiplying the envelope signal (21,4 1) with the calculated
adjustment factor (43).

13. Computer program comprising program code means for causing a computer having a signal input unit configured

to input an accelerometer signal of the subject to carry out the steps of the method as claimed in claim 12 when
said computer program is carried out on the computer.

Patentanspriiche

Verarbeitungsvorrichtung zur Verarbeitung von Beschleunigungsmessersignalen (17, 17a-c) zur Verwendung bei
der Uberwachung der Lebenszeichen eines Subjekts, umfassend:

- eine Signaleingabeeinheit (38), die konfiguriert ist, um ein Beschleunigungsmessersignal (17, 17a-c) des
Subjekts rechtzeitig einzugeben, wobei das Beschleunigungsmessersignal (17, 17a-c) mit mindestens einem
physiologischen Ereignis in Beziehung steht, das ein kardiovaskulares oder respiratorisches Ereignis des Sub-
jekts ist, und fir mindestens eine raumliche Richtung gemessen ist,

- eine Hillkurvenbestimmungseinheit (19, 40), die konfiguriert ist, um ein Hillkurvensignal (21,41) des einge-
gebenen Beschleunigungsmessersignals (17, 17a-c) zu bestimmen,

- eine Berechnungseinheit (44), die konfiguriert ist, zum

Berechnen eines Anpassungsfaktors (43) basierend auf einem geschatzten Zeitintervall (45) zwischen einem
ersten und einem zweiten physiologischen Ereignis des Subjekts,

Verwenden einer positiv und/oder negativ zeitversetzten Version des Hiillkurvensignals (21, 41), das um das
geschatzte Zeitintervall (45) verschoben ist, und

Berechnen des Anpassungsfaktors (43) unter Verwendung einer Primarfunktion, wobei die Primarfunktion eine
Sekundarfunktion umfasst, die von dem bestimmten Hillkurvensignal (21, 41) und/oder der positiv und/oder
negativ zeitversetzten Version des Hiillkurvensignals (21, 41) abhangt, und

- eine Signalanpassungseinheit (42), die konfiguriert ist, um das bestimmte Hullkurvensignal (21, 41) durch
Multiplizieren des Hiillkurvensignals (21, 41) mit dem berechneten Anpassungsfaktor (43) anzupassen.

Vorrichtung nach Anspruch 1, wobei die Sekundarfunktion das bestimmte Hullkurvensignal (21, 41) und/oder die
positiv und/oder negativ zeitversetzte Version des Hiillkurvensignals (49) als variabel und mindestens eine vorde-
finierte GroRRe als Parameter verwendet.

Vorrichtung nach Anspruch 1, wobei die Primarfunktion konfiguriert ist, um einen kleineren Wert aus einem berech-
neten Wert der Sekundarfunktion und einem konstanten Wert zu bestimmen, wobei die Berechnungseinheit (44)
konfiguriert ist, um den Anpassungsfaktor (43) als den kleineren Wert zu bestimmen.

Vorrichtung nach Anspruch 1, wobei die Signalanpassungseinheit (42) konfiguriert ist, um einen Glattungsoperator
auf den berechneten Anpassungsfaktor (43) anzuwenden, und das bestimmte Hillkurvensignal (21) mit dem ge-

glatteten Anpassungsfaktor (43) zu multiplizieren.

Vorrichtung nach Anspruch 1, ferner umfassend eine Schéatzeinheit (46), die konfiguriert ist, um das Zeitintervall
zwischen dem ersten und dem zweiten physiologischen Ereignis basierend auf dem bestimmten Hullkurvensignal
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(21, 41) zu schatzen.

Vorrichtung nach Anspruch 5, wobei die Schatzeinheit (46) konfiguriert ist, um eine Autokorrelation fiir das bestimmte
Hillkurvensignal (21, 41) zu berechnen, und/oder das Zeitintervall zwischen einer Aortenklappendéffnung und einem
Aortenklappenverschluss eines Herzzyklus des Subjekts zu schatzen.

Vorrichtung nach Anspruch 1, wobei die Eingabeeinheit konfiguriert ist, um das Beschleunigungsmessersignal (17,
17a-c) auszuwahlen, das in der ventrodorsalen Richtung des Subjekts gemessen wird.

Vorrichtung nach Anspruch 1, wobei die Hillkurvenbestimmungseinheit (19, 40) umfasst: einen ersten Bandpassfilter
(26), der konfiguriert ist, um einen ersten Teil des Beschleunigungsmessersignals (17, 17a-c) innerhalb eines Fre-
quenzbereichs von einer unteren Schwellenfrequenz bis zu einer oberen Schwellenfrequenz zu extrahieren, ein
Absolutwertgenerator (28), der konfiguriert ist, um einen Absolutwert des Beschleunigungsmessersignals (17, 17a-
c) zu erzeugen, und/oder ein zweiter Bandpassfilter (34, 35, 36), das konfiguriert ist, um einen zweiten Teil des
Beschleunigungsmessersignals (17, 17a-c) bei Frequenzen zu extrahieren, die héher als, gleich oder niedriger als
eine Grenzfrequenz sind.

Vorrichtung nach Anspruch 1, ferner umfassend eine Peakerfassungseinheit, die konfiguriert ist, um in dem be-
stimmten Hullkurvensignal (21, 41, 47) ein oder mehrere Maxima und/oder Minima zu erfassen, die jeweils einem
physiologischen Ereignis zugeordnet sind.

Vorrichtung nach Anspruch 1, ferner umfassend eine Klassifizierungseinheit, die konfiguriert ist, um ein Spitzener-
fassungsergebnis zu klassifizieren, indem ein oder mehrere Klassifizierungsmerkmale aus dem bestimmten Huill-
kurvensignal (21, 41, 47) abgeleitet werden.

System zur Verarbeitung von Beschleunigungsmessersignalen (17, 17a-c) zur Uberwachung der Lebenszeichen
eines Subjekts, umfassend:

- einen Beschleunigungsmesser (48), der so konfiguriert ist, zum Messen eines Beschleunigungsmessersignals
(17, 17a-c) des Subjekts rechtzeitig fiir eine oder mehrere raumliche Richtungen;

- eine Verarbeitungsvorrichtung (18, 18’, 54, 56) nach Anspruch 1 zur Verarbeitung des vom Beschleunigungs-
messer (48) gemessenen Beschleunigungsmessersignals (17, 17a-c).

Computerimplementiertes Verfahren zur Verarbeitung von Beschleunigungsmessersignalen (17, 17a-c) zur Ver-
wendung bei der Uberwachung der Lebenszeichen eines Subjekts, umfassend:

- rechtzeitiges Empfangen eines Beschleunigungsmessersignals (17, 17a-c) des Subjekts, wobei das Beschleu-
nigungsmessersignal (17, 17a-c) mit mindestens einem physiologischen Ereignis in Beziehung steht, das ein
kardiovaskulares oder respiratorisches Ereignis des Subjekts ist, und fir mindestens eine rdumliche Richtung
gemessen wird,

- Bestimmen eines Hillkurvensignals (21, 41) des Eingangsbeschleunigungsmessersignals (17, 17a-c),

- Berechnen eines Anpassungsfaktors (43) basierend auf einem geschatzten Zeitintervall (45) zwischen einem
ersten und einem zweiten physiologischen Ereignis des Subjekts,

- Verwenden einer positiv und/oder negativ zeitversetzten Version des Hillkurvensignals (21, 41), die um das
geschatzte Zeitintervall (45) verschoben ist;

- Berechnen des Anpassungsfaktors (43) unter Verwendung einer Primarfunktion, wobei die Primarfunktion
eine Sekundarfunktion umfasst, die von dem bestimmten Hullkurvensignal (21, 41) und/oder der positiv und/oder
negativ zeitversetzten Version des Hiillkurvensignals (21, 41) abhangt, und

- Anpassen des ermittelten Hullkurvensignals (21, 41) durch Multiplizieren des Hullkurvensignals (21, 41) mit
dem berechneten Anpassungsfaktor (43).

Computerprogramm mit Programmcodeeinrichtung, um zu bewirken, dass ein Computer mit einer Signaleingabe-

einheit, die konfiguriert ist, um ein Beschleunigungsmessersignal des Subjekts einzugeben, die Schritte des Ver-
fahrens nach Anspruch 12 ausfiihrt, wenn das Computerprogramm auf dem Computer ausgefiihrt wird.

13
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Revendications

1.

10.

Dispositif de traitement pour traiter des signaux d’accélérometre (17, 17a-c) destiné a étre utilisé dans la surveillance
des signes vitaux chez un sujet, comprenant:

- une unité d’entrée de signaux (38) configurée pour entrer un signal d’accélérometre (17, 17a-c) du sujet dans
le temps, le signal d’accélérométre (17, 17a-c) étant lié a au moins un événement physiologique qui est un
événement cardiovasculaire ou respiratoire du sujet et mesuré pour au moins une direction spatiale,

- une unité de détermination d’enveloppe (19, 40) configurée pour déterminer un signal d’enveloppe (21, 41)
du signal d’accélérometre d’entrée (17, 17a-c),

- une unité de calcul (44) configurée pour

calculer un facteur d’ajustement (43) sur la base d’un intervalle de temps estimé (45) entre un premier et un
second événement physiologique du sujet,

utiliser une version décalée dans le temps positive et/ou négative du signal d’enveloppe (21, 41), décalée par
l'intervalle de temps estimé (45), et

calculer le facteur d’ajustement (43) utilisant une fonction primaire, la fonction primaire comprenant une fonction
secondaire dépendante du signal d’enveloppe déterminé (21, 41) et/ou de la version décalée dans le temps
positive et/ou négative du signal d’enveloppe (21, 41), et

- une unité d’ajustement de signal (42) configurée pour ajuster le signal d’enveloppe déterminé (21, 41) en
multipliant le signal d’enveloppe (21, 41) par le facteur d’ajustement calculé (43).

Dispositif selon la revendication 1, dans lequel la fonction secondaire utilise le signal d’enveloppe déterminé (21,
41) et/ou la version décalée dans le temps positivement et/ou négativement du signal d’enveloppe (49) comme
variable et au moins une quantité prédéfinie comme paramétre.

Dispositif selon la revendication 1, dans lequel la fonction primaire est configurée pour déterminer une valeur plus
petite a partir d’'une valeur calculée de la fonction secondaire et d’'une valeur constante, 'unité de calcul (44) étant
configurée pour déterminer le facteur d’ajustement (43) comme la valeur plus petite.

Dispositif selon la revendication 1, dans lequel I'unité d’ajustement de signal (42) est configurée pour appliquer un
opérateur de lissage au facteur d’ajustement calculé (43) et multiplier le signal d’enveloppe déterminé (21) par le
facteur d’ajustement de lissage (43).

Dispositif selon larevendication 1, comprenant en outre une unité d’estimation (46) configurée pour estimer l'intervalle
de temps entre le premier et le deuxieme événement physiologique sur la base du signal d’enveloppe déterminé
(21, 41).

Dispositif selon la revendication 5, dans lequel I'unité d’estimation (46) est configurée pour calculer une auto-
corrélation pour le signal d’enveloppe déterminé (21, 41) et/ou pour estimer I'intervalle de temps entre une ouverture
de valve aortique et une fermeture de valve aortique d’'un cycle cardiaque du sujet.

Dispositif selon la revendication 1, dans lequel 'unité d’entrée est configurée pour sélectionner le signal d’accélé-
rometre (17, 17a-c) mesuré dans la direction ventro-dorsale du sujet.

Dispositif selon la revendication 1, dans lequel 'unité de détermination d’enveloppe (19, 40) comprend un premier
filtre passe-bande (26) configuré pour extraire une premiere partie du signal d’accélérométre (17, 17a-c) dans une
plage de fréquences a partir d’'une fréquence de seuil inférieure a une fréquence de seuil supérieure, un générateur
de valeur absolue (28) configuré pour générer une valeur absolue du signal d’accéléromeétre (17, 17a-c), et/ou un
deuxiéme filtre passe-bande (34, 35, 36) configuré pour extraire une seconde partie du signal d’accélérométre (17,
17a-c) a des fréquences supérieures, égales ou inférieures a une fréquence de coupure.

Dispositif selon la revendication 1, comprenant en outre une unité de détection de créte configurée pour détecter
dans le signal d’enveloppe déterminé (21, 41, 47) un ou plusieurs maxima et/ou minima associés chacun a un
événement physiologique.

Dispositif selon la revendication 1, comprenant en outre une unité de classification configurée pour classer un

résultat de détection de créte en dérivant une ou plusieurs caractéristiques de classification a partir du signal
d’enveloppe déterminé (21, 41, 47).

14
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11. Systéme de traitement de signaux d’accélérometre (17, 17a-c) pour I'utilisation dans la surveillance des signes
vitaux chez un sujet, comprenant:

- un accélérometre (48) configuré pour mesurer un signal d’accélérométre (17, 17a-c) du sujet dans le temps
pour une ou plusieurs directions spatiales,

- un dispositif de traitement (18, 18’, 54, 56) selon la revendication 1 pour traiter le signal d’accélérometre (17,
17a-c) mesuré par I'accélérometre (48) .

12. Procédé de mis en ceuvre par ordinateur pour traiter des signaux d’accélérométre (17, 17a-c) a utiliser dans la
surveillance des signes vitaux chez un sujet, comprenant:

- récevoir un signal d’accélérometre (17, 17a-c) du sujet dans le temps, le signal d’accélérométre (17, 17a-c)
étant lié a au moins un événement physiologique qui est un événement cardiovasculaire ou respiratoire du
sujet et mesuré pour au moins une direction spatiale,

- déterminer un signal d’enveloppe (21, 41) du signal d’accélérometre d’entrée (17, 17a-c),

- calculer un facteur d’ajustement (43) sur la base d’un intervalle de temps estimé (45) entre un premier et un
deuxiéme événement physiologique du sujet,

- utiliser une version décalée dans le temps positivement et/ou négativement du signal d’enveloppe (21, 41),
décalée par l'intervalle de temps estimé (45),

- calculer le facteur d’ajustement (43) en utilisant une fonction primaire, la fonction primaire comprenant une
fonction secondaire dépendant du signal d’enveloppe déterminé (21, 41) et/ou de la version décalée dans les
temps positivement et/ou négativement du signal d’enveloppe (21, 41), et

- I'ajustement du signal d’enveloppe déterminé (21, 41) en multipliant le signal d’enveloppe (21, 41) par le
facteur d’ajustement calculé (43).

13. Programme informatique comprenant des moyens de code de programme pour induire un ordinateur ayant une
unité d’entrée de signal configurée pour entrer un signal d’accéléromeétre du sujet a exécuter les étapes du procédé
selon la revendication 12 lorsque ledit programme informatique est exécuté sur 'ordinateur.
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