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IMPLANTABLE CARDIAC DEVICE
ADAPTED TO EXTRACT A PATIENT’S
RESPIRATORY WAVEFORMS FROM AN
INTRATHORACIC OR INTRACARDIAC
IMPEDANCE, PRESSURE AND/OR
ACCELEROMETRY INPUT STREAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application claims the benefit of co-
pending U.S. Provisional Patent Application No. 61/812,264,
filed on Apr. 16, 2013, the disclosure of which is hereby
incorporated by reference in its entirety.

FIELD OF THE INVENTION

[0002] The present invention generally relates to an
implantable cardiac device that is adapted to measure an
intrathoracic or intracardiac impedance, pressure, and/or
accelerometry input stream which comprises a patient’s res-
piratory waveforms, wherein the implantable cardiac device
is suited to perform a streaming Wavelet transformation on
the input stream to perform a source separation, extracting,
and separating the respiratory waveforms from the input
stream.

STATE OF ART

[0003] Accurate real time detection of a patient’s respira-
tory waveforms has been an important concern in the field of
cardiology in the recent years. Of the known solutions in the
state of the art that address the subject of respiration detec-
tion, only a few have appeared in implantable cardiac devices.
Most of those solutions realizable within an implantable car-
diac device, for example, those that derive the respiration
from an R-wave amplitude, are exposed to various sources of
error, as for example aliasing due to an undersampling. Fur-
thermore, most of the solutions known in the state of art are
based on conventional digital filtering which distorts the
physiological waveform or does not adapt to the non-station-
ary character of respiration and the out-of-band information
which confounds its fidelity. Moreover, in some solutions of
the prior art, multiple designs are implemented within an
implantable cardiac device to adapt to continuously changing
circumstances of in- and out-band waveform components, at
the cost of an high energy consumption and a complicated
circuit design or a large memory space.

[0004] For example, U.S. Pat. No. 8,065,005 discloses an
implantable cardiac device that comprises a pulse generator
which is configured to produce pulses that are applied to the
bodily tissue, wherein the pulses are used to measure a physi-
ological parameter, wherein each pulse has a multi-phasic
waveform consisting of positive and negative phases. Fur-
thermore, each phase comprises a duration and an amplitude,
wherein duration is defined as the width of the phase and the
amplitude is defined as the length of the phase. Moreover, the
implantable cardiac device disclosed in U.S. Pat. No. 8,065,
005 comprises a circuit in the pulse generator to vary the
duration of the pulses and a signal processor to detect a
change in the shape of the sensed response waveforms result-
ing from application of the pulses of various durations.
[0005] Another cardiac device adapted for implant in a
patient is disclosed in the U.S. Pat. No. 7,988,634, wherein
the cardiac device disclosed therein comprises sense circuits
which are adapted to obtain a composite signal which con-
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tains a cardiac component and a respiratory component. The
cardiac device disclosed in U.S. Pat. No. 7,988,634 further
comprises a respiratory signal canceller which comprises an
adder adapted to subtract the respiratory signal from the com-
posite signal to reduce the respiratory component of the com-
posite signal, and an adaptive filter adapted to adaptively filter
the respiratory signal. The adaptive filter required in this
solution suffers from adaptation latency. Adaptive filters are
based on assumptions of stationarity during the adaptation
step. Because stationarity is not a reliable property of real
physiological waveforms, the filtering performed by the car-
diac device of U.S. Pat. No. 7,988,634 risks non-convergence
during the adaptation step.

[0006] Whiletheuseofthe Wavelet transform in the field of
cardiology is well known in the prior art, even for the extrac-
tion of physiological signals of a signal input stream, it is used
for de-noising and compression and does not appear as a tool
for source separation of respiration. Moreover, its implemen-
tation in an implantable cardiac device is often very costly.
[0007] The present invention is directed toward overcom-
ing one or more of the above-identified problems.

DISCLOSURE OF THE INVENTION

[0008] According to the present invention, an implantable
cardiac device is provided. The implantable cardiac device
comprises a sensing unit adapted to measure a physiological
signal like an intrathoracic or intracardiac impedance, pres-
sure, or accelerometry signal input stream, which comprises
a patient’s respiratory waveforms. Furthermore, the implant-
able cardiac device comprises a quantizer-unit adapted to
sample the input stream with an initial sampling frequency
Fs, providing input samples of the input stream. The implant-
able cardiac device further comprises a filter bank suited to
perform a streaming Wavelet transformation on the input
samples on a sample-by-sample basis, using the initial sam-
pling frequency Fs provided by the quantizer-unit, wherein
the streaming Wavelet transformation is adapted to perform a
source separation, extracting, and separating the respiratory
waveforms of the input stream.

[0009] The advantage of such an implantable cardiac
device is that it directly accepts input streams containing the
respiration of a patient and produces output in real time with-
out the necessity for matrix processing. Furthermore, through
the use of a Wavelet transformation in the sense as described
above, it is possible to separately extract cardiac motion and
respiration components from the input stream in order to
preserve the same for subsequent analysis either as isolated
signals or in interaction with each other. This is in contrast to
the conventional use the Wavelet transformation. Expressed
in other words, the use of an implantable cardiac device
according to the present invention enables an accurate and
reliable generation of a patient’s respiration waveform and to
measure the fiducial points of a patient’s breath cycle and to
accurately preserve the relative time location of those fiducial
points with respect to the fiducial points of other physiologic
signals, that is, minimize group delay and maintain concur-
rency of fiducial points.

[0010] Ina preferred embodiment, the initial sampling fre-
quency Fs of the quantizer-unit is adaptable. Through the
adaptable initial sampling frequency Fs, the operation of the
implantable cardiac device can be adapted to advantageously
meet the requirements for respiration detection for various
types of disease patterns affecting the respiration rate of a
patient as, for example, Apnea or Tachypnea. Through an
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adjustment of the initial sampling frequency Fs and according
to that, an adjustment of the sampling frequencies or the
sample rates used throughout the performance of the Wavelet
transformation, the Nyquist frequency can arbitrarily be
placed within the frequency band that is evaluated. It is espe-
cially preferred to place at least one boundary frequency
between the fundamental of cardiac dynamics and the upper
passband edge of respiration. Furthermore, through an adjust-
ment of the initial sampling frequency Fs, a selection of
frequency sub-bands that are given within the input samples
is performable, whereas the filter bank or its coefficients need
not to be concomitantly changed. In a conventional digital
filter, a change in a sample rate or the initial sampling fre-
quency Fs requires a change to new filter bank coefficients
designed for the new sample rate that must be stored or loaded
into the respective implantable cardiac device, which is not
the case in the present invention.

[0011] Preferably, the initial sampling frequency Fs of the
quantizer-unit is adapted according to a change in the heart
rate and/or a change in the breathing rate of a patient. In such
an embodiment, the implantable cardiac device is especially
capable of detecting different respiration health states. Fur-
thermore, with such an embodiment, an adaptation of the
initial sampling frequency Fs is performable when needed, in
order to improve the discrimination of a physiological signal
from an input stream.

[0012] Inapreferred embodiment, the Wavelet transforma-
tion performed by the filter bank is a Haar Lifting Wavelet
Transformation. Such a Wavelet transformation is especially
suitable for the purpose mentioned herein because, among
others, its implementation within the filter bank of an
implantable cardiac device has a relatively low implementa-
tion cost.

[0013] In another preferred embodiment, the filter bank is
realized within a digital signal processing unit. Preferably, the
Wavelet transformation is realized by means of a recursive
algorithm. In an even more preferred embodiment, the filter
bank is realized by means of a recursive algorithm that maxi-
mizes the code reuse. Through such a realization of the filter
bank, the initial sampling frequency Fs can be changed or
adapted easily to allow a maximal discrimination of a physi-
ological signal, without that a concomitant change to the filter
bank is needed in order to keep it working properly. Further-
more, through such an implementation, memory space and
processing capacity can be saved. Preferably, the Wavelet
transformation is realized within a digital signal processing
unit.

[0014] Inapreferred embodiment, the filter bank is adapted
to perform a streaming Wavelet transformation comprising a
forward transformation and a backward transformation,
wherein during the forward transformation, the Wavelet
transformation is applicable on each input sample provided
by the quantizer-unit generating output data on “n” different
sampling levels, wherein the output data generated on the
sampling levels is queued and the sampling frequency used to
sample an input sample on a sampling level “t” is equal to 2
times the sampling frequency of the sampling level t-1,
wherein “n” and “t” are elements of N*. Expressed in other
words, the filter bank is adapted to perform operations on
each input sample, wherein the output data of the Wavelet
transformation is retained in a central queue structure where
the length of the queue is equal to 2(n—t)-1. The purpose of
such a queuing structure is to maintain concurrency between
the frequency sub-bands given within the input samples
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evaluated. In a further preferred embodiment, the Wavelet
transformation provides for zero wait (2°~1=0) at its lowest
level, which results in a shortening of the length of all queues.

[0015] Preferably, the output data of a sampling level “t”
that is not needed for a reconstruction of a respiratory wave-
form is discardable and excludable from the queuing process
during the performance of the Wavelet transformation, after it
has been used for the calculation of the output data of the
sample level t-1. Expressed in other words, output data of the
forward transformation representing frequency sub-bands of
an input sample, which is not needed for the reconstruction of
a respiratory waveform within the performance of the Wave-
let transformation, can be discarded after it has been used to
compute or generate output data of a lower frequency sub-
band, in order to decrease memory usage, energy consump-
tion and processing activity.

[0016] In a preferred embodiment, the information,
whether output data is needed for the reconstruction of a
respiratory waveform, or discarded from the Wavelet trans-
formation, is stored as a Boolean value in an indication vector.
In a further preferred embodiment, the indication vector also
serves to gate the input on the reconstruction side or the
backwards transformation of the Wavelet transformation.

[0017] In a preferred embodiment, during the backwards
transformation, an upsampling is also only performable up to
the highest sampling level on which output data 1s retained,
wherein the output data of the input samples transformed on
that highest sampling level is evaluable with the sampling
frequency of that highest sampling level. In such an embodi-
ment, an upsampling is also only performable up to those
sampling levels on which output data is existing, capturing
only the information of the frequency sub-bands relevant and
excluding those frequency sub-bands irrelevant from the
Wavelet transformation. So an upsampling does not have to
be performed back up to the initial sampling frequency Fs of
the forward transformation, whereby memory usage, energy
consumption and processing activity is reduced though fidu-
cial concurrency with other signals, and if applicable, is pre-
served.

[0018] Preferably, during the backward transformation, an
upsampling of the output data generated during the forward
transformation is performable beyond the sampling level of
the initial sampling frequency Fs used within the forward
transformation and evaluable on that sampling level. In such
an embodiment, the output data of two different transformed
input samples can be evaluated together, since the output data
of an input sample that was sampled with a low sample rate
can be upsampled to a higher sample rate, a second input
sample of the same or a different input stream was sampled
with.

[0019] In a preferred embodiment, within the backward
transformation, the output data of at least two different trans-
formed input samples of the same input stream can be
upsampled to the same sampling frequency and be evaluated
simultaneously with the sampling frequency they have been
upsampled to. Expressed in other words, two or more distinct
physiological signals can be simultaneously extracted from
different frequency sub-bands of the same input stream while
maintaining their concurrency. Furthermore, the two or more
distinct physiological signals can be evaluated with the same
sampling frequency. So within the backward transformation,
the output data that has been transformed in at least two
different ways from a single input stream can be upsampled to
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the same sampling frequency and be evaluated simulta-
neously with the sampling frequency they have been
upsampled to.

[0020] Preferably, a parameter and/or a probabilistic func-
tion is computable for at least one input sample, wherein the
parameter or the probabilistic function provides information
about at least one of a predefined characteristic of that input
sample, statistical distribution of that input sample and a
statistical distribution related to that input sample. In such an
embodiment of the present invention, various properties of an
input sample or its frequency sub-bands can be computed,
which, for example, can be related to the respiration rate of a
patient.

[0021] Inapreferred embodiment, the computed parameter
and/or the computed probabilistic function is storable in a
vector. Such a vector can function both as an information
source, for example, providing information about the instan-
taneous and/or sample-wide cross section of a decomposed
input sample, and as a control point for the indication vector
mentioned above, wherein the kind of the Boolean value
stored in a slot of the indication vector depends on the appen-
dant computed parameter and/or the computed probabilistic
function stored in the vector.

[0022] Preferably, the parameter represents the average
energy of a respective input sample or the scale value used
during the Wavelet transformation of a respective input
sample. In such an embodiment, each frequency sub-band of
the input sample of an input stream is properly quantifiable in
its dimension.

[0023] In the context mentioned above, the Nyquist fre-
quency is the frequency limit Fs/2 and corresponds to the
upper passband edge of the topmost frequency sub-band,
assuming that the Wavelet transform receives input directly
from the quantizer-unit and is sampling at theinitial sampling
frequency Fs, and assuming that the input stream or input
signal is adequately antialias filtered prior to the sampling
and/or sampled at an adequate sampling rate to prevent alias-
ing.

[0024] Further features, aspects, objects, advantages, and
possible applications of the present invention will become
apparent from a study of the exemplary embodiments and
examples described below, in combination with the Figures,
and the appended claims.

DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1 shows a schematic drawing of an exemplary
embodiment of an implantable cardiac device according to
the present invention.

[0026] FIG. 2 shows an exemplary frequency diagram of
frequency sub-bands containing a patient’s respiration wave-
form at different respiration health states, which are evaluable
with an implantable cardiac device according to the present
invention.

[0027] FIG. 3 shows a schematic illustration of an execu-
tion of an exemplary Wavelet transformation performed by an
exemplary embodiment of an implantable cardiac device
according to the present invention.

[0028] FIG. 4 shows a schematic illustration of an execu-
tion of another exemplary Wavelet transformation performed
by an exemplary embodiment of an implantable cardiac
device that is capable of discarding output data from the
queue according to the present invention.

[0029] FIG. 5 shows a schematic illustration of an execu-
tion of another exemplary Wavelet transformation performed

Oct. 16,2014

by an exemplary embodiment of an implantable cardiac
device that is capable of evaluating output data on a sampling
level that is lower than the sampling level of the initial sam-
pling frequency according to the present invention.

[0030] FIG. 6 shows a schematic illustration of an execu-
tion of another exemplary Wavelet transformation performed
by an exemplary embodiment of an implantable cardiac
device that is capable of evaluating output data on a sampling
level that is higher than the sampling level of the initial
sampling frequency according to the present invention.
[0031] FIG. 7 shows a schematic illustration of an execu-
tion of another exemplary Wavelet transformation performed
by an exemplary embodiment of an implantable cardiac
device that is capable of evaluating output data of at least two
different transformed input samples of the same input stream
simultaneously according to the present invention.

[0032] FIG. 8 shows a schematic illustration of the compu-
tation of characteristic parameters for an exemplary input
sample of an input stream performable by an exemplary
embodiment of an implantable cardiac device according to
the present invention.

DETAILED DESCRIPTION

[0033] FIG. 1 shows a schematic drawing of an exemplary
embodiment of an implantable cardiac device 80 according to
the present invention. In this exemplary embodiment, the
implantable cardiac device 80 is exemplarily realized as a
pacemaker, which comprises a sensing unit 70 that is adapted
to measure an intrathoracic or intracardiac impedance input
stream 69 comprising a patient’s respiratory waveforms. In
other embodiments of the present invention, the sensing unit
70 of the implantable cardiac devices 80 is adapted to mea-
sure an intrathoracic and/or an intracardiac pressure and/or an
accelerometry input stream 69 comprising a patient’s respi-
ratory waveforms. In this embodiment, the sensing unit 70 is
exemplarily realized as an impedance based respiration
monitor that is exemplarily connected to a pacemaker lead
which is positioned in the right atrium, right ventricle or left
ventricle of a patient, depending on the kind of therapy-device
the implantable cardiac device 80 is realized as. According to
that, the implantable cardiac device 80, for example, can be
realized as a pacemaker, defibrillator, cardiac resynchroniza-
tion device, or as implantable monitoring device. However,
other sensing units 70 with other sorts of leads positioned in
other regions of a patient’s heart or body can be realized
within other embodiments of implantable cardiac devices 80
according to the present invention as will be appreciated by
one skilled in the art. In this embodiment of the present
invention, the impedance based respiration monitor exem-
plarily comprises an auto-gain auto-offset block which is
suited to remove at least a significant part of the DC-offset
from the impedance input stream 69 and then maximizes the
AC-part, so the remaining time-varying waveform within the
undistorted range limits of the signal path (not shown).

[0034] The implantable cardiac device 80 further com-
prises a quantizer-unit 60 adapted to sample the input stream
69 with an initial sampling frequency Fs, providing input
samples 65 of the input stream 69. Furthermore, the implant-
able cardiac device 80 comprises a filter bank 50 which is
suited to perform a streaming Wavelet transformation on the
input samples 65 on a sample-by-sample basis in real time,
using the initial sampling frequency Fs provided by the quan-
tizer-unit 60, wherein the streaming Wavelet transformation
is adapted to perform a source separation, extracting and
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separating the respiratory waveform of the input samples 65,
sampled from the input stream 69. In this embodiment of the
present invention, the implantable cardiac device 80 is exem-
plarily adapted to provide the extracted and separated respi-
ratory waveform as an output waveform via a data output 49.
Furthermore in this embodiment, the output waveform con-
taining information about a patient’s respiratory waveform is
exemplarily transmittable to a home monitoring service cen-
ter. In other embodiments of the present invention, the output
waveform provided by the implantable cardiac device 80 may
be displayable to a user via a display or be convertible in
another way not mentioned above.

[0035] In this embodiment of the present invention, the
initial sampling frequency Fs of the quantizer-unit 60 is
exemplarily adaptable, wherein in this embodiment of the
present invention, the adaptation is exemplarily made accord-
ing to a change in the heart rate and/or a change in the
breathing rate of a patient. The initial sampling frequency Fs
is the frequency with which the Wavelet transformation is
started off with. With a change of the initial sampling fre-
quency Fs provided by the quantizer-unit 60, a selection of
frequency sub-bands given within the input samples 65 as
input for the filter bank 50 is performed. Through a change in
the sampling frequency, the Wavelet transformation is
adjusted, regarding the information evaluated since a change
in the initial sampling frequency Fs of the quantizer-unit 60
leads to an adjustment of the position of the Nyquist fre-
quency within the frequency band observed. This will be
further discussed in the following Figures.

[0036] In this embodiment of the present invention, the
Wavelet transformation performed by the filter bank 50 is
exemplarily a Haar Lifting Wavelet Transformation. How-
ever, other embodiments of the present invention can be car-
ried out in which other Wavelet functions are used in order to
perform an extraction and separation of a respiration wave-
form from an input stream 69 in the sense mentioned further
above. For example, an implantable cardiac device 80 accord-
ing to the present invention can be provided using for example
a Wavelet of the Daubechies family or any other Wavelet
existing within the state of the art. Furthermore, in this
embodiment of the present invention, the filter bank 50 of the
implantable cardiac device 80 is exemplarily realized within
a digital signal processing unit 20. Expressed in other words,
in this embodiment of the present invention, the filter bank 50,
with all its highpass- and lowpass-subfilters or filter-units
used for the performance of the Mallat-tree decomposition
within the Wavelet transformation, is digitally realized within
a digital signal processing unit 20 which in this embodiment
of the present invention is exemplarily realized as a digital
signal processor. Moreover, in this embodiment of the present
invention, the Wavelet transformation is exemplarily imple-
mented by means of a recursive algorithm that maximizes the
code reuse within the digital signal processing unit 20. During
the execution of the Wavelet transformation, for every fre-
quency sub-band of an input sample 65 that is wavelet trans-
formed, the same code is used except that it is varied by the
order of operation or the unary sign. However, other embodi-
ments of the implantable cardiac device 80 can be carried out
in which other processing units are realized and in which the
filter bank 50 is not realized as a recursive algorithm or
without a maximum code reuse.

[0037] FIG. 2 shows an exemplary frequency diagram that
contains a plurality of frequency sub-bands containing a
patient’s respiration waveform at different respiration health
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states, which are evaluable with an implantable cardiac
device 80 according to the present invention. Expressed in
other words, FIG. 2 shows input samples 65 of a patient’s
respiratory waveform that have been sampled at different
initial sampling frequencies Fs, each adapted in its value for
a precise detection of the respective health state. Expressed
more precisely, three different input samples 65 are shown in
FIG. 2, each containing frequency sub-bands which occur at
different respiration health states and which have been
sampled with different initial sampling frequencies Fs chosen
according to the respective health state analyzed. Further-
more, for each input sample 65 and for each frequency sub-
band within the input sample 65, the respective value of the
logarithm to the base 2 of the respectively belonging fre-
quency, the respectively belonging frequency sub-band range
or length in Hz and the respectively belonging respiratory rate
in bpm, is provided. Additionally, for each input sample 65,
the Nyquist frequency “FNyquist” is marked which depends
on the respective initial sampling frequency Fs and which
divides the usable frequency band from the unusable fre-
quency band, in which, for example, aliasing becomes an
issue. The uppermost diagram of the three diagrams of FIG. 2
shows an input sample 65 containing frequency sub-bands of
apatientsuffering from Apnea. The lowermost diagram of the
three diagrams of F1G. 2 shows an input sample 65 containing
frequency sub-bands of a patient suffering from Tachypnea,
wherein the intermediate diagram of the three diagrams of
FIG. 2 shows an input sample 65 containing frequency sub-
bands of a patient showing a “normal” respiration rate.

[0038] InFIG. 2, for all three diagrams, it can be seen that
the frequency sub-bands are stretched and squeezed depend-
ing on the change of the initial sampling frequency Fs pro-
vided by the quantizer-unit 60. The frequency sub-bands are
stretched accordingly with an increase of the initial sampling
frequency Fs of the quantizer-unit 60. Given, for example, the
input sample 65 shown in the middle diagram, ata samplerate
between 3.75 bpm and 7.5 bpm, a frequency sub-band has a
range of 0.0625 Hz to 0.125 Hz. In contrast, the frequency
sub-band range sampled for a physiologic event rate between
480 bpm and 960 bpm is equal to 4 Hz to 8 Hz, having a
frequency sub-band range that is 64 times larger than the
range of the frequency sub-band sampled for a respiratory
rate between 3.75 bpm and 7.5 bpm. As already described,
through an adjustment of the initial sampling frequency Fs of
the quantizer-unit 60, it is possible to select and to maximally
discriminate a single or a plurality of frequency sub-bands
from all three diagrams shown in FIG. 2. Such a change in the
initial sampling frequency Fs provided by the quantizer-unit
60 can be performed, without that a concomitant change to
the filter bank 50 or its coefficients to keep it working properly
is needed.

[0039] FIG. 3 shows a schematic illustration of an execu-
tion of an exemplary Wavelet transformation performed by an
exemplary embodiment of an implantable cardiac device 80
according to the present invention. Expressed more precisely,
FIG. 3 schematically shows how an exemplary Wavelet trans-
formation is performed on an exemplary input sample 65 by
the filter bank 50, starting on the left end side and ending on
the right end side of FIG. 3. In this exemplary embodiment of
the implantable cardiac device 80, the filter bank 50 is adapted
to perform a streaming Wavelet transformation comprising a
forward transformation, shown at 1, and a backward transfor-
mation, shown at 2, represented by the arrows shown in the
diagram. The Wavelet transformation is executed from the
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left to the right on each input sample 65. Expressed in other
words, in this embodiment of the present invention, during the
forward transformation 1, the Wavelet transformation is
applicable on each input sample 65 provided by the quantizer-
unit 60 generating output data 47 on “n” different sampling
levels, wherein the output data 47 generated on the sampling
levels is queued and the sampling frequency used to sample
an input sample 65 on a sample level “t” is equal to 2 times the
sampling frequency of the sampling level t-1, wherein “n”
and “t” are elements of N*. N* denotes natural numbers
greater than zero. So the output data 47 generated within the
forward transformation is retained in a central queue struc-
ture, where the length of the quene 2¢-7-1.

[0040] In the diagram of FIG. 3, which shows an inverted
pyramid, each bar represents output data 47 generated within
the forward transformation 1 ofthe Wavelet transformation of
asingle frequency sub-band of an input sample 65. Expressed
in other words, each bar of the diagram shown in FIG. 3 is
relatable to one frequency sub-band, for example, as they are
shown in FIG. 2. The length of the bar represents the range of
the frequency sub-band represented by the respective output
data 47. The highest and longest bar in the diagram of FIG. 3
therefore shows the output data 47 corresponding to a fre-
quency sub-band that has been sampled with the highest
sampling frequency of the showed cycle of operation of the
Wavelet transformation, so the initial sampling frequency Fs,
which in this example exemplarily is near to a sample rate of
128 Hz. This frequency sub-band of the input sample 65 was
transformed on the highest sampling level, thus the n-th sam-
pling level of the Wavelet transformation in that cycle of
operation, wherein in this example “n” is equal to 9. Accord-
ing to the Mallat algorithm performed by the filter bank 50,
the next smaller bar in the diagram of FIG. 3, n-1, shows
output data 47 that represents a frequency sub-band of the
input sample 65 that was sampled with about half the initial
sampling frequency Fs. Since the sampling frequency is
reduced, the bar or the represented frequency sub-band is
reduced in its range, which is shown as a shorter sized bar in
the diagram of FIG. 3. Furthermore, in FIG. 3, the sampling
frequencies used for the generation of the output data 47 for
each frequency sub-band is given in the middle of each bar.
For the next sampling level, the sampling frequency is halved
again and so forth, until the lowest level of the forward trans-
formation is reached, wherein the output data 47 generated on
a sampling level “t” is used in order to compute the output
data on next lower sampling level t-1.

[0041] In this embodiment of the present invention, the
Wavelet transform provides for zero wait 2°-1=0 at its two
lowest levels. The bottom two bars of FIG. 3 therefore show
the zero-wait 2°~1=0. That is, those queues have zero length.
Upon production of these values, they can be used immedi-
ately without wait by the backward transformation 2 or the
reconstruction arm of the Wavelet transformation.

[0042] However, this kind of performance of the Wavelet
transformation is only optional and can be different to the
ones performed in other embodiments of the present inven-
tion. Also other embodiments of the present invention can be
carried out in which the length of the queue may be governed
by another relationship, especially when a different kind of
Wavelet transformation than the one described herein is used.
Within the backward transformation 2 of the Wavelet trans-
formation, the output data 47 on the “n” different sampling
levels is reassembled, wherein from sampling level to sam-
pling level, an upsampling of the output data 47 generated
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within the forward transformation 1, is performed. In the
example shown in FIG. 3, within the backward transforma-
tion 2, an upsampling is performed until the initial sampling
frequency Fs is reached again.

[0043] FIG. 4 shows a schematic illustration of an execu-
tion of another exemplary Wavelet transformation performed
by an exemplary embodiment of an implantable cardiac
device 80 that is capable of discarding output data 47 from the
queue according to the present invention. FIG. 4 basically
shows the diagram of FIG. 3 with a few differences that will
be addressed in the following. FIG. 4 again shows a Wavelet
transformation with a forward transformation 1 and a back-
wards transformation 2 performable by an implantable car-
diac device 80 according to the present invention. In this
embodiment of an implantable cardiac device 80 according to
the present invention, the filter bank 50 of the implantable
cardiac device 80 is adapted to discard or exclude output data
47 generated on one or more than one sampling levels, after
the respectively suspended output data 47 has been used to
compute the output data 47 for the next lower sampling level.
Expressed in other words, in this embodiment of the implant-
able cardiac device 80, output data 47 generated on a certain
sampling level, that represents a certain frequency sub-band,
can be selectively discarded or kept as output data 47 through-
out the performance of the Wavelet transformation. So in this
embodiment of the present invention, transformed frequency
sub-bands of an input sample 65, that have been transformed
on a certain sampling level “t” and that are not needed for a
reconstruction of a respiratory waveform, are discardable and
excludable from the queuing process during the performance
of the Wavelet transformation, after they have been used for
the calculation of the output data 47 of the sampling level t-1.
So a sub-band stream that will not be used for the reconstruc-
tion during the backward transformation 2 of the Wavelet
transformation is simply not queued after its value has been
used to generate a lower frequency sub-band value as output
data 47 the lower frequency sub-band is represented by.

[0044] Furthermore, in this embodiment of the present
invention, the information, whether certain output data 47 is
needed for the reconstruction of a respiratory waveform, or
discarded from the Wavelet transformation, is stored as a
Boolean value in an indication vector 6. So the indicator for
the decision to retain or to discard one or more transformed
frequency sub-bands is encoded as a vector 6 of Boolean
types (1 or0). In FIG. 4, that output data 47 that is not queued
is indicated by an “X” on the forward transformation 1 side of
the Wavelet transformation and by a “0” on the backward
transformation 2 side of the Wavelet transformation, while
“0”1is also the entry within the indication vector 6 that is set in
the case in which output data 47 is discarded. Qutput data 47
that is kept and queued is marked with a “1” at the respective
slot of the indication vector 6. So for every (transformed)
frequency sub-band, there is a respective slot within the indi-
cation vector 6, which is also shown in FIG. 4. The values of
the indication vector 6 serve doubly to gate the input on the
reconstruction side, so the backward transformation 2 side of
the Wavelet transformation as shown in the diagram of FIG. 4.

[0045] Inthe example shown in FIG. 4, only the output data
47 representing three frequency sub-bands is kept and
queued. Referring back to the middle diagram of FIG. 2, the
three frequency sub-bands retained represent a group of con-
tiguous frequency sub-bands spanning frequencies from
0.0625 Hzto 0.5 Hz in order to extract the respiration wave-
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form in the range of 3.75 bpm to 30 bpm, given the initial
sampling frequency Fs, with which the input stream 69 is
sampled, is equal to 32 Hz.

[0046] FIG. 5 shows a schematic illustration of an execu-
tion of another exemplary Wavelet transformation performed
by an exemplary embodiment of an implantable cardiac
device 80 that is capable of evaluating output data 47 on a
sampling level that is lower than the sampling level of the
initial sampling frequency Fs according to the present inven-
tion. The exemplary Wavelet transformation illustrated in
FIG. 5 can be seen as a further development of the Wavelet
transformation illustrated in FIG. 4. However, a filter bank 50
of an implantable cardiac device 80 according to the present
invention can also be adapted to perform the Wavelet trans-
formation presented in FIG. § without being adapted to pet-
form the Wavelet transformation presented in FIG. 4. In this
embodiment of the present invention, the filter bank 50 is
adapted to perform a Wavelet transformation, in which during
the backward transformation 2, an upsampling is also only
performable up to the highest sampling level on which output
data 47 is retained, wherein the output data 47 transformed on
that highest sampling level is evaluable with the sampling
frequency of that highest sampling level. Expressed in other
words, in this embodiment of the present invention, during the
backward transformation 2 of the Wavelet transformation, an
upsampling does not has to be performed back up to the
sampling frequency the forward transformation 1 has begun
with.

[0047] Inthe example shown in FIG. 5, only the output data
47 representing the three frequency sub-bands already
described in FIG. 4 is retained and queued. So in this example,
again, only the group of contiguous frequency sub-bands
spanning frequencies from 0.0625 Hz to 0.5 Hz, as shown in
FIG. 2, is kept, while the output data 47 corresponding to the
remaining frequency sub-bands is discarded. The difference
between the Wavelet transformation illustrated in FIG. 5 to
the one illustrated in FIG. 4 is, that during the backward
transformation 2, an upsampling is only performed up to the
highest sampling level on which output data 47 was kept. In
this example, this sampling level is characterized by a sam-
pling frequency that is in between Fs/2” . . . Fs/2° Hz. The
output data 47 generated on that sampling level is not
upsampled back up to the initial sampling frequency Fs.
Instead, it is evaluated with a sampling frequency which is
equal to Fs/2> Hz. So once the highest retained frequency
sub-band or the output data 47 representing it is restored to the
output signal, further computation and memory use can be
eliminated by posting the output signal at the lower sample
rate. If, as in FIG. 4, the initial sampling frequency Fs is equal
to 32 Hz, the lower sample rate or sampling frequency is equal
to 1 Hz.

[0048] FIG. 6 shows a schematic illustration of an execu-
tion of another exemplary Wavelet transformation performed
by an exemplary embodiment of an implantable cardiac
device 80 that is capable of evaluating output data 47 on a
sampling level that is higher than the sampling level of the
initial sampling frequency Fs according to the present inven-
tion. In this embodiment of the implantable cardiac device 80
according to the present invention, the filter bank 50 is
adapted to, during the backward transformation 2, perform an
upsampling of the output data 47 of a transformed input
sample 65 beyond the sampling level of the initial sampling
frequency Fs used within the forward transformation 1, and to
evaluate the output data 47 on that sampling level. In this
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embodiment of the present invention, the implantable cardiac
device 80 is adapted to provide at least two different input
samples 65 of the same or a different input stream 69 at
different sampling frequencies. Since in some cases, the out-
put data 47 resulting from a forward transformation 1 of both
these input samples 65 needs to be evaluated on the same
sampling level or with the same sampling frequency, the
output data 47 belonging to the first input sample 65 sampled
with a lower sampling frequency needs to be upsampled to the
higher sampling frequency of the output data 47 belonging to
the second input sample 65. This is shown in the diagram of
FIG. 6 where again, the out-put data 47 of the three frequency
sub-bands from FIGS. 4 and 5 is shown as a transformed first
input sample 65. In this example, the initial sampling fre-
quency Fsl that was used to generate the output data 47
belonging to the first input sample (shown in FIG. 6) within
the forward transformation 1 was Fs1=8 Hz. The output data
47 belonging to the second input sample 65 (not shown in
FIG. 6) was generated with an initial sampling frequency Fs2
with Fs2=32 Hz. In this example, during the backward trans-
formation 2 of the Wavelet transformation, the output data 47
representing the three described frequency sub-bands of the
first input sample 65 is upsampled an additional two levels in
order to reach conformity with the transformed second input
sample 65. These two additional sampling levels mean an
upsampling of the output data 47 of the forward transforma-
tion to 4*Fs1=32 Hz, which is equal to the initial sampling
frequency Fs2 of the transformed second input sample 65.
This upsampling beyond the initial sampling frequency Fsl
of the first input sample 65 is performable without concomi-
tant detrimental effects on the frequency content, such as, for
example, aliasing, since the missing frequency sub-bands are
treated as discarded, as explained in the description of FIG. 4.
The result is a first output waveform derived from the first
input sample 65, which is directly comparable with a second
output waveform derived from the second input sample 65
and sampled with an initial sampling frequency Fs2=32 Hz.

[0049] FIG. 7 shows a schematic illustration of an execu-
tion of another exemplary Wavelet transformation performed
by an exemplary embodiment of an implantable cardiac
device 80 that is capable of evaluating output data 47 of at
least two different transformed input samples 65 of the same
input stream 69 simultaneously according to the present
invention. In this embodiment of the present invention, the
filter bank 50 of the implantable cardiac device 80 is adapted
to perform a Wavelet transformation on at least two different
input samples 65 of the same input stream 6, wherein during
the backward transformation 2, the output date 47 belonging
to the input samples 65 is upsampleable to the same sampling
frequency and evaluable simultaneously with the sampling
frequency they have been upsampled to.

[0050] InFIG. 7, twoinput samples 65 from the same input
stream 69 are transformed within the forward transformation
1 of the same operation cycle of the Wavelet transformation,
generating output data 47 that for each input sample 65 rep-
resents three frequency sub-bands which are different to one
another. The first input sample 65 shown in the diagram of
FIG. 7 is transformed to output data 47 sampled on sampling
levels with sampling frequencies that vary from Fs/2” to
Fs/2°, while the second input sample 65 is transformed to
output data 47 sampled on sampling levels with sampling
frequencies that vary from Fs/2° to Fs/2° within the forward
transformation 1. Since both input samples 65 are derived
from the same input stream 69, the same initial sampling
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frequency Fs has been used for the transformation of both
input samples 65. During the backward transformation 2 of
the Wavelet transformation, the output data 47 resulting from
the forward transformation 1 of both input samples 47 is
upsampled to the same sampling level, in this case to the
initial sampling frequency Fs, and is evaluated on this sam-
pling level. Expressed in other words, in this embodiment of
the present invention, the filter bank 50 is capable of simul-
taneously extracting two or more distinct physiological sig-
nals, the first and second input samples 47, containing differ-
ent frequency sub-bands of the same input stream 69 while
maintaining their concurrency. Furthermore, in this embodi-
ment of the present invention, the filter bank 50 is additionally
adapted to conjoin two or more input samples 65 from differ-
ent input streams 69 in the manner described above.

[0051] FIG. 8 shows a schematic illustration of the compu-
tation of characteristic parameters for an exemplary input
sample 65 of an input stream 69 performable by an exemplary
embodiment of an implantable cardiac device 80 according to
the present invention. In this embodiment of the present
invention, the implantable cardiac device 80 is adapted to
compute a parameter and a probabilistic function for all the
input samples 65 and for all the frequency sub-bands con-
tained within these input samples 65 which are generated
from input streams 69 captured by the implantable cardiac
device 80. In this embodiment of the present invention, for
every frequency sub-band given within an input sample 65, a
parameter is computed and stored within a vector that repre-
sents a “slice” through the output data 47 which has been
generated within the forward transformation 1 of the respec-
tive input sample 65. Furthermore, in the example shown in
FIG. 8, the parameters stored in the vector exemplarily rep-
resent the scale values which have been used within the per-
formance of the Wavelet transformation in order to transform
a respective frequency sub-band. In such an embodiment of
the present invention, each frequency sub-band can properly
be quantified using the scale values stored in the vector. In
FIG. 8, for each frequency sub-band, the respective scale
value is shown in the center of the diagram.

[0052] However, other embodiments of implantable car-
diac devices 80 according to the present invention can be
carried out in which the parameters stored within the vector
describe other properties of the frequency sub-bands or of an
input sample 65, as will be appreciated by one skilled in the
art. For example, an implantable cardiac device 80 can be
realized which is adapted to compute and store parameters
which represent the respective average energy of a frequency
sub-band or another informative property of a frequency sub-
band or input sample 65. In an embodiment of the present
invention, in which the average energy of the frequency sub-
bands is computed and stored in a vector, the average energy
among restored and queued frequency sub-bands across the
vector can be corresponding to the respiration rate of the
patient in whom the implantable cardiac device 80 is
implanted. Furthermore, in other embodiments of the present
invention, a scaling value is not applied to each value on a
sample basis, but to the final value of the vector, in order to
minimize operations. In such an embodiment, if the scaling
factor is the same, its application can be deferred until indi-
vidual values are aggregated. Then, the scaling factor can be
applied to the aggregate. The advantage of this is that the
feature extraction and separation can proceed without the
need to properly scale the values and the final output will still
be quantitatively correct. Therefore, in such an embodiment,
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the application of the scaling factor to the aggregate of the
individual values can serve as a further modification to reduce
the compurational load.

[0053] Furthermore, in this embodiment of the present
invention, the implantable cardiac device 80 is adapted to
compute a probabilistic function providing information about
a statistical distribution of an input sample 65. In other
embodiments of the present invention, the implantable car-
diac device 80 is adapted to compute a probabilistic function
providing information about a statistical distribution related
to an input sample 65. Moreover, in this embodiment of the
present invention, the implantable cardiac device 80 is
adapted to determine whether a computed and stored proba-
bilistic function is capable of accurately indicating a suitable
signal quality for a measurement of respiration or a noisy
state. Furthermore, the implantable cardiac device 80 of this
embodiment is adapted to perform subsequent observations
ofthe computed vectors described and probabilistic functions
and to aggregate the same in order to generate probability
models for prediction or the classification of changes to the
input stream 69. In this embodiment of the present invention,
these changes can indicate a declining or improving quality of
the input stream 69 which, in this embodiment of the present
invention, exemplarily can lead to a suspension or a resump-
tion of the activity of the sensing unit 70, in this embodiment
the respiration monitor, or it can indicate a change in the
health state of the patient.

[0054] In some embodiments of the implantable cardiac
device 80, the performance of the Wavelet transformation and
the parameter extraction, as described above, is operated fora
set, predefined time. However, in this embodiment of the
present invention, the transformation procedure, namely, the
execution of the Wavelet transformation and the parameter
extraction as described above, is controlled by a quality fig-
ure, wherein the observation period, namely, the time in
which the Wavelet transformation and the parameter extrac-
tion 1s executed as described above, is linked to a number of
physiological events which are sufficient to yield a value
meeting a reliability or confidence threshold. Expressed in
other words, in this exemplary embodiment of the present
invention, a Wavelet transformation as described further
above, performed in order to extract a patient’s respiratory
waveform, just as the computation of parameters and proba-
bilistic functions to provide information, is only initiated if a
number of physiological events which are sufficient to yield a
value meet a reliability or confidence threshold. Furthermore,
the implantable cardiac device 80 of this embodiment is
adapted to sum up the amplitudes of the frequency sub-bands
over the observation period in order to generate a metric
which is directly related to a patient’s tidal volume in the time
domain.

[0055] In some embodiments of the present invention, a
change in the health state of the patient the implantable car-
diac device 80 is implanted in can result in an adjustment of
the operation of the implantable cardiac device 80, especially
in a change ofthe initial sampling frequency Fs. Furthermore,
in embodiments of the present invention, such a change in the
health state of the patient leads to a change in the way the
information is communicated to a home monitoring service
center. Moreover, an embodiment of the present invention can
be carried out, in which probabilistic functions are computed
which describe the frequency distribution over time. For
example, in such embodiments, a further accelerometer, posi-
tion or temperature sensor can be provided within the
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implantable cardiac device 80, which is used in conjunction
with the probabilistic functions describing the frequency dis-
tribution over time in order to make inferences about auto-
nomic tone response to cold stress of the patient, wherein cold
stress is a metric of the cardiac health state.

[0056] Furthermore, in this embodiment of the present
invention, the implantable cardiac device 80 is adapted to
measure parameters from the output waveform, or the out-
putted real-time respiration waveform of the implantable car-
diac device 80. In this embodiment of the present invention,
the implantable cardiac device 80 is exemplarily adapted to
measure, among others, the breathing rate (RR) as the cycle
time of a repeating fiducial point in the breath cycle. These
points may be positive-going zero-crossing, negative-going
zero-crossing, peak-to-peak, trough-to-trough and/or same-
going inflection points near zero-crossing. Furthermore, in
this embodiment of the present invention, the implantable
cardiac device 80 is exemplarily adapted to measure the tidal
volume (TV) as the trough-to-peak, peak-to-trough ampli-
tudes in Ohms and the tidal volume (TV) adjusted as the tidal
volume (TV) modified to compensate for breath-to-breath
variations in end-expiratory volume which appear to leave the
end of breath at a different offset from the beginning of the
same breath. For example, if the breath start is assumed as
reference and the trailing offset is subtracted from the area
under the breath feature, which represents the instantaneous
minute ventilation (MV), the implantable cardiac device 80 is
suited to calculate the adjusted tidal volume (TVADIJUST) as
the quotient of the instantaneous minute ventilation (MVIN-
STANT) and the instantaneous breathing rate (RRIN-
STANT), so TVADJUST=MVINSTANT/RRINSTANT. Fur-
thermore, in this embodiment of the present invention, the
implantable cardiac device 80 is exemplarily adapted to mea-
sure the Inspiratory:Expiratory (I.E) ratio as the time of
trough-to-peak versus the time of peak-to-trough and the
Inspiratory:Expiratory (I:E) ratio adjusted as the L:E times
adjusted by inspiratory or expiratory hold times.

[0057] 1In this embodiment of the present invention, when
parameters can be calculated by more than one means of the
implantable cardiac device 80, the multiple means can be
used in conjunction to provide a parameter with higher sta-
tistical confidence. In this embodiment of the present inven-
tion, the implantable cardiac device 80 is further adapted to
identify inspiratory holds and breath pauses, such as apneic
periods between breaths, and adapted to correct its calcula-
tion of dependent morphological breath parameters, such as
the I:E ratio, likewise, Moreovet, in this embodiment of the
present invention, the implantable cardiac device 80 is
adapted to use morphological breath parameters to screen
breath cycles as modified for example by speaking, coughing,
and sighing.

[0058] So, in this embodiment of the present invention, the
real-time respiration waveform is analyzed to produce param-
eters indicating for example the respiration rate of a patient,
the tidal volume of a patient, the I:E ratio of a patient and the
minute ventilation of a patient. Further parameters of the
patient’s individual breath cycles are evaluated against limits
based on the physiological principles behind them, such as a
maximum LE ratio of 1:1 for spontaneous respiration, in
order to adjust the calculated parameters and to reject the
interference caused for example by body movement or the
position of the patient.

[0059] It has to be mentioned, that implantable cardiac
devices 80 according to the present invention can be carried
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out which combine all the features mentioned above and
which are especially capable of performing all the Wavelet
transformations described herein, in combination and simul-
taneously. Expressed in other words, implantable cardiac
devices 80 according to the present invention can be carried
out, which are adapted to perform all Wavelet transformations
described in this document, as will be appreciated by one
skilled in the art.

[0060] It will be apparent to those skilled in the art that
numerous modifications and variations of the described
examples and embodiments are possible in light of the above
teachings of the disclosure. The disclosed examples and
embodiments are presented for purposes of illustration only.
Other alternate embodiments may include some or all of the
features disclosed herein. Therefore, itis the intent to cover all
such modifications and alternate embodiments as may come
within the true scope of this invention, which is to be given the
full breadth thereof. Additionally, the disclosure of a range of
values is a disclosure of every numerical value within that
range.

I/We claim:

1. An implantable cardiac device, comprising

a sensing unit adapted to measure a physiological signal
input stream, comprising a patient’s respiratory wave-
forms;

a quantizer-unit adapted to sample the input stream with an
initial sampling frequency Fs, providing input samples
of the input stream; and

a filter bank suited to perform a streaming Wavelet trans-
formation on the input samples on a sample-by-sample
basis, using the initial sampling frequency Fs provided
by the quantizer-unit, wherein the streaming Wavelet
transformation is adapted to perform a source separa-
tion, extracting, and separating the respiratory wave-
forms of the input stream.

2. The implantable cardiac device of claim 1, wherein the
initial sampling frequency Fs of the quantizer-unit is adapt-
able.

3. The implantable cardiac device of claim 2, wherein the
initial sampling frequency Fs of the quantizer-unit is adapted
according to a change in a heart rate and/or a change in a
breathing rate of a patient.

4. The implantable cardiac device of claim 1, wherein the
Wavelet transformation performed by the filter bank is a Haar
Lifting Wavelet Transformation.

5. The implantable cardiac device of claim 1, wherein the
filter bank is realized within a digital signal processing unit.

6. The implantable cardiac device of claim 5, wherein the
Wavelet transformation is realized by means of a recursive
algorithm.

7. The implantable cardiac device of claim 1, wherein the
filter bank is adapted to perform a streaming Wavelet trans-
formation comprising a forward transformation and a back-
ward transformation, wherein during the forward transforma-
tion, the Wavelet transformation is applicable on each input
sample provided by the quantizer-unit generating output data
on n different sampling levels, wherein the output data gen-
erated on the sampling levels is queued and the sampling
frequency used to sample an input sample on a sampling level
tis equal to 2 times the sampling frequency of the sampling
level t=1, wherein n and t are elements of N*.

8. The implantable cardiac device of claim 7, wherein
output data of a sampling level t, that is not needed for a
reconstruction of a respiratory waveform, is discardable and
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excludable from the queuing process during the performance
of the Wavelet transformation, after it has been used for the
calculation of the output data of the sampling level t-1.

9. The implantable cardiac device of claim 8, wherein the
information, whether output datais needed for the reconstruc-
tion of a respiratory waveform, or discarded from the Wavelet
transformation, is stored as a Boolean value in an indication
vector.

10. The implantable cardiac device of claim 8, wherein
during the backward transformation, an upsampling is also
only performable up to the highest sampling level on which
output data is retained, wherein the output data of the input
samples transformed on that highest sampling level is evalu-
able with the sampling frequency of that highest sampling
level.

11. The implantable cardiac device of claim 7, wherein
during the backward transformation, an upsampling of the
output data generated during the forward transformation is
performable beyond the sampling level of the initial sampling
frequency Fs used within the forward transformation and
evaluable on that sampling level.

12. The implantable cardiac device of claim 7, wherein
within the backward transformation, the output data of at least
two different transformed input samples of the same input
stream can be upsampled to the same sampling frequency and
be evaluated simultaneously with the sampling frequency
they have been upsampled to.

13. The implantable cardiac device of claim 1, wherein a
parameter and/or a probabilistic function is computable for at
least one input sample, wherein the parameter or the proba-
bilistic function provides information about at least one of a
predefined characteristic of that input sample, statistical dis-
tribution of that input sample and a statistical distribution
related to that input sample.

14. The implantable cardiac device of claim 13, wherein
the computed parameter and/or the computed probabilistic
function is storable in a vector.
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15. The implantable cardiac device of claim 13, wherein
the parameter represents the average energy of a respective
input sample or the scale value used during the Wavelet trans-
formation of a respective input sample.

16. The implantable cardiac device of claim 1, wherein the
physiological signal is one of a intrathoracic or intracardiac
impedance, a pressure, or a accelerometry signal.

17. A method, comprising

measuring a physiological signal input stream, comprising
a patient’s respiratory waveforms;

sampling the input stream with an initial sampling fre-

quency Fs, to provide input samples of the input stream;
and

performing a streaming Wavelet transformation on the
input samples on a sample-by-sample basis, using the
initial sampling frequency Fs, wherein the streaming
Wavelet transformation is adapted to perform a source
separation, extracting, and separating the respiratory
waveforms of the input stream.

18. The method of claim 17, wherein the initial sampling
frequency Fs is adaptable.

19. The method of claim 17, wherein the Wavelet transfor-
mation is realized by means of a recursive algorithm.

20. The method of claim 17, wherein the streaming Wave-
let transformation comprises a forward transformation and a
backward transformation, wherein during the forward trans-
formation, the Wavelet transformation is applicable on each
input sample generating output data on n different sampling
levels, wherein the output data generated on the sampling
levels is queued and the sampling frequency used to sample
an input sample on a sampling level t is equal to 2 times the
sampling frequency of the sampling level t-1, wherein n and
t are elements of N*.
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