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Description

[0001] The present invention generally relates to high pass filtering of electrocardiogram ("ECG") signals. The present
invention specifically relates to a variable bandwidth high pass filtering of ECG signals for diagnostic and emergency
medical service ("EMS") purposes.
[0002] As known in the art, a signal amplitude of ECG signals is typically in the order of 1mV, but may have a DC
offset that varies from as much as -300mV to +300mV. This DC offset may drift with time and/or patient movement, and
is often referred to as a "baseline wander". Additionally, events such as defibrillation may have a dramatic effect on the
baseline. In particular, a DC offset following a defibrillation event is usually drifting due to current that may flow through
the ECG electrodes during the defibrillation event.
[0003] A typical ECG signal display setting for gain has a range of +/-2mV in order to visually see a 1mV ECG signal
clearly. In response to potentially large and drifting DC offsets, high pass filters have been utilized to remove any DC
offset in order to keep the ECG signal within view windows of a display and a printer. More particularly, a key diagnostic
measurement of a ECG signal is the ST segment elevation or depression. This is performed by comparing a baseline
of the ECG signal prior to a QRS with the baseline after the QRS. Ideally, the high pass filter should remove the baseline
wander in such a way that the relative level of the baseline before and after the QRS is not affected.
[0004] ECG standards have been established that describe an impulse response requirement for diagnostic quality
ECG measurements (e.g., EN 60601-2-27 and AAMI EC13). For example, an impulse applied in a standard test is 3mV
in amplitude with a duration of 100mS, and the requirement is that a baseline should be displaced by less than 100uV
and a slope of the baseline should be less than 300uV/sec following the impulse. Therefore, a high pass filter in an ECG
system has conflicting goals.
[0005] Specifically, if the high pass filter is very responsive to the baseline wander in order to reliably maintain the
baseline of the ECG signal in the center of the display, then it will also likely be responsive to the QRS such that the
baseline following the QRS is displaced following the QRS by more than 100uV. This is why an ECG monitor usually
provides the clinician with several bandwidth settings for the high pass filter. The settings are often referred to as "Monitor"
bandwidth for keeping the ECG signal visible on the display screen, and as "Diagnostic" bandwidth for making diagnostic
ECG measurements (e.g., ST segment elevation and depression). Additionally, there is also the desire to display the
ECG signal in real time with minimal time delay. This is important for clinical applications where timing is important such
as synchronized cardioversion.
[0006] Historically, several types of high pass filters have been utilized in ECG monitors.
[0007] One such type of high pass filter for ECG monitors is an infinite impulse response ("IIR") high pass filter that
is computationally simple to implement. For example, a second order Butterworth high pass filter is easily implemented
with five (5) multiply and accumulate calculations per sample with minimal time delay. However, a disadvantage of a IIR
high pass filter is that a group delay is frequency dependent. This results in distortion of the ECG signal. Stated in another
way, a IIR high pass filter responds to a positive ECG QRS signal by depressing the baseline following the ECG signal.
Furthermore, in order to minimize the distortion to a level acceptable for diagnostic purposes, the corner frequency of
the IIR high pass filter needs to be reduced to a frequency of 0.05Hz or less. Additionally, a first order IIR high pass filter
applied to a ramp will result in a DC offset and a second order IIR high pass filter applied to a ramp will result in a zero
(0) DC offset. Thus, in order to remove a DC offset that is drifting following a defibrillation event, the IIR high pass filter
would need to be at minimum a second order filter.
[0008] Another type of high pass filter for ECG monitors is a finite impulse response ("FIR") high pass filter, which by
definition has linear phase and constant group delay. Of note, a FIR high pass filter minimizes the distortion of the ECG
signal due to the constant group delay and a 0.5Hz or even a 0.67Hz FIR high pass filter maybe implemented that meet
the requirements for diagnostic quality ECG measurements in accordance ECG standards. Also, a FIR high pass filter
responds well to a drifting DC offset following defibrillation, because it is usually designed to be symmetrical and an
application of a FIR high pass filter to a ramp will produce a zero (0) DC offset. However, there are a couple of disad-
vantages of the FIR high pass filter. The first disadvantage is the time delay. Specifically, in order to have constant time
delay for all frequencies, both the frequencies above and below the high pass corner frequency will see the same time
delay, and a typical time delay is on the order of about one (1) second. The second disadvantage is the computational
effort required. Specifically, a FIR high pass filter with one (1) second of time delay will have two (2) seconds of time
history. A sample rate of 1000Hz would require 2000 multiply accumulate calculations for each sample calculated at the
1000Hz sample rate. Thus, for a full twelve (12) lead measurement, the number of multiply accumulate operations is
24M just for the FIR high pass filter.
[0009] Moreover, ECG monitoring is often performed on patients that are being moved. The out of hospital emergency
medical services ("EMS") typically see significant baseline wander of the ECG due to the movement of the patient. An
EMS High pass filter is often provided for ECG systems designed for the EMS environment. This high pass filter will
typically have a corner frequency in the range of 1 Hz to 2 Hz. A simple IIR filter with this high a corner frequency very
substantially distorts the ECG waveform. A FIR filter with this corner frequency will minimize distortion of the ECG but
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would require a significant increase in computational effort.
[0010] Document US 5,433,208 A describes an apparatus for filtering out baseline fluctuations from physiological
measurement signals. The apparatus comprises a first nonrecursive low-pass filter with a downstream stage for the
reduction of the sampling rate, a second nonrecursive filter connected thereto, a subsequent interpolation stage to
increase the sampling rate and a subtraction stage, in which the baseline fluctuations retained by the low-pass filtering
are subtracted from the measurement signals affected by baseline fluctuations. To reduce the number of computing
operations to be performed in the course of the sampling filtering, the first low-pass filter comprises a recursive filter.
[0011] Document US 5,357, 969 A describes a method and apparatus for removing baseline wander from an ECG
signal. The ECG signal is filtered with a high-pass filter having a variable corner frequency. In response to finding low-
frequency components in the output of the high-pass filter, its corner frequency is temporarily increased. The corner
frequency may decrease according to a decay function or sensing the absence of a low-frequency component in the
filter’s output. The corner frequency may be decreased in response to sensing ECG activity. To address the disadvantages
of the prior art, the present invention provides a variable ECG high pass filter for diagnostic purposes (e.g., a corner
frequency of 0.67 Hz or less) and also for EMS purposes (e.g., a corner frequency in the range of 1 Hz to 2 Hz). One
form of the ECG high pass filter employs a baseline low pass filter, a signal delay and a signal extractor. In operation,
the baseline low pass filter includes a finite impulse response filter and an infinite impulse response low pass filter
cooperatively low pass filtering a baseline unfiltered ECG signal to output a filtered baseline signal. The baseline low
pass filter further includes a baseline estimator dynamically adjusting the corner frequency of the baseline low pass filter
as a function of an estimation of any baseline wander within the baseline unfiltered ECG signal. The signal delay time
delays the baseline unfiltered ECG signal to output a delayed baseline unfiltered ECG signal, and the signal extractor
extracts the filtered baseline signal from the delayed baseline unfiltered ECG signal to output a baseline filtered ECG
signal.
[0012] A second form of the present invention is a ECG monitor employing a signal processor to generate an ECG
waveform of a heart of a patient and an ECG display to display the ECG waveform (e.g., visualized on a computer screen
or in a printout). The signal processor incorporates the aforementioned ECG high pass filter of the present invention for
diagnostic purposes and/or EMS purposes.
[0013] A third form of the present invention is a defibrillator, automatic or manual, employing an ECG monitor to
generate an ECG waveform of a heart of a patient, a shock source to store shock energy and a defibrillation controller
to control a delivery of the shock energy to the heart of the patient responsive to a QRS analysis of the electrocardiogram
waveform. The ECG monitor incorporates the aforementioned ECG high pass filter of the present invention for diagnostic
purposes and/or EMS purposes.
[0014] The foregoing forms and other forms of the present invention as well as various features and advantages of
the present invention will become further apparent from the following detailed description of various embodiments of the
present invention read in conjunction with the accompanying drawings. The detailed description and drawings are merely
illustrative of the present invention rather than limiting, the scope of the present invention being defined by the appended
claims and equivalents thereof.

FIG. 1 illustrates an exemplary embodiment of a defibrillator with a ECG high pass filter in accordance with the
present invention.
FIGS. 2A and 2B illustrate exemplary frequency responses of a ECG high pass filter of the present invention and
a 2-pole Butterworth high pass filter as known in the art.
FIGS. 3A and 3B illustrate exemplary impulse responses of a ECG high pass filter of the present invention and a
2-pole Butterworth high pass filter as known in the art.
FIG. 4 illustrates exemplary defibrillation event recoveries of a ECG high pass filter of the present invention and a
2-pole Butterworth high pass filter as known in the art.
FIGS. 5A and 5B illustrate exemplary baseline wander responses of a ECG high pass filter of the present invention
and a 2-pole Butterworth high pass filter as known in the art.
FIG. 6A illustrates a first exemplary embodiment of a ECG high pass filter in accordance with the present invention.
FIG. 6B illustrates a second exemplary embodiment of a ECG high pass filter in accordance with the present invention.

[0015] To facilitate an understanding of the present invention, exemplary embodiments of the present invention will
be provided herein directed to ECG high pass filter for a defibrillator.
[0016] Referring to FIG. 1, a defibrillator 20 of the present invention employs a pair of electrode pads or paddles 21,
optional ECG leads 22, a ECG monitor 23 (internal or external), a defibrillation controller 27. and a shock source 29.
[0017] Electrode pads/paddles 21 are structurally configured as known in the art to be conductively applied to a patient
10 in an anterior-apex arrangement as shown in FIG. 1 or in an anterior-posterior arrangement (not shown). Electrode
pad/paddles 21 conduct a defibrillation shock from shock source 29 to a heart 11 of patient 10 and conduct an ECG
signal (not shown) representative of electrical activity of heart 11 of patient 10 to ECG monitor 23. Alternatively or
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concurrently, ECG leads 22 are connected to patient 10 as known in the art to conduct the ECG signal to ECG monitor 23.
[0018] ECG monitor 23 is structurally configured as known in the art for processing the ECG signal to measure the
electrical activity of heart 11 of patient 10 as an indication patient 10 is experiencing an organized heartbeat condition
or an unorganized heartbeat condition. An example of the ECG signal indicating an organized heartbeat condition is an
ECG waveform 30a that is representative of an organized contraction of the ventricles of heart 11 of patient 10 being
capable of pumping blood. An example of the ECG signal indicating an unorganized heartbeat condition is an ECG
waveform 30b that is representative of a ventricular fibrillation of heart 11 of patient 10.
[0019] To this end, ECG monitor 23 employs a signal processor 24 and a ECG display 26. For purposes of the present
invention, signal processor 24 is broadly defined herein as any structurally arrangement of hardware, software, firmware
and/or circuitry for executing functions required by ECG monitor 23 in processing the ECG signal. Generally, in operation,
signal processor 24 is structurally configured to receive the ECG signal representative of the electrical activity of heart
11 of patient 10 in analog form from pads/paddles 21 and/or ECG leads 22, to condition as necessary and stream the
ECG signal to defibrillation controller 27, and to generate the ECG waveform for display by ECG display 26. More
particularly, in practice, signal processor 24 may implement analog-to-digital converters and various filters including a
low pass filter having a corner frequency (e.g., ≥ 20Hz) for filtering high frequency signals and a ECG high pass filter
25 of the present invention having a variable corner frequency (e.g., ≤ 2Hz, particularly 1.5Hz) for filtering low frequency
signals like baseline wander/drift, particularly due to defibrillation events. As will be explained further with the description
herein of FIGS. 2-6, a structural design of ECG high pass filter 25 is a computationally simple design for achieving real
time diagnostic quality ECG with excellent rejection to baseline wander. ECG high pass filter 25 also has excellent
rejection baseline drift following a defibrillation event, and achieves the above performance with only minimal time delay
(e.g., 250ms) making it very useable for real time monitoring of the ECG signal. Additionally, ECG high pass filter 25
eliminates the need for the clinician to choose between diagnostic quality ECG and monitor quality ECG in order to keep
the signal visible on the display.
[0020] For purposes of the present invention, ECG display 26 is broadly defined herein as any device structurally
configured for presenting ECG waveform 30 for viewing including, but not limited to, a computer display and a printer.
[0021] Still referring to FIG. 1, shock source 29 is structurally configured as known in the art to store electric energy
for delivery of a defibrillation shock 32 via electrode pads/paddles 21 to heart 11 of patient 10 as controlled by defibrillation
controller 27. In practice, defibrillation shock 32 may have any waveform as known in the art. Examples of such waveforms
include, but are not limited to, a monophasic sinusoidal waveform (positive sine wave) 32a and a biphasic truncated
waveform 32b as shown in FIG. 1.
[0022] In one embodiment, shock source 29 employs a high voltage capacitor bank (not shown) for storing a high
voltage via a high voltage charger and a power supply upon a pressing of a charge button 28a. Shock source 29 further
employs a switching/isolation circuit (not shown) for selectively applying a specific waveform of an electric energy charge
from the high voltage capacitor bank to electrode pads/paddles 21 as controlled by defibrillation controller 27.
[0023] Defibrillation controller 27 is structurally configured as known in the art to execute a manual synchronized
cardioversion via a shock button 28b or an automatic synchronized cardioversion. In practice, defibrillation controller 27
employs hardware/circuitry (e.g., processor(s), memory, etc.) for executing a manual or an automatic synchronized
cardioversion installed as software/firmware within defibrillation controller 27. In one embodiment, the software/firmware
detects a QRS 31 of ECG signal 30 as a basis for controlling shock source 29 in delivering defibrillation shock 32 to
heart 11 of patient 10.
[0024] Referring to FIGS. 2-6, a structural design of ECG high pass filter 25 in terms of operational performance and
filter embodiments for achieving the operational performance will now be described herein to facilitate an understanding
of the present invention.
[0025] Specifically, as to the operational performance for diagnostic purposes, FIGS. 2 and 3 respectively provide an
exemplary frequency response and an exemplary impulse response of ECG high pass filter 25 as compared to a known
2-pole Butterworth monitor bandwidth high pass filter (hereinafter "prior art ECG HP filter") with each filter having a
second order frequency response and a sample rate of input ECG signal of 1000Hz. As shown in FIGS. 2A and 2B,
frequency responses 50a and 50b of ECG high pass filter 25 have a variable corner frequency ranging from 0.15Hz to
1.535 Hz, respectively. Also shown is FIGS 2A and 2B is a frequency response 60 of the prior art ECG HP filter having
a 0.5Hz corner frequency. As shown in FIGS. 3A and 3B, impulse response 51a and 51b of ECG high pass filter 25
have a value of baseline of the inputted ECG signal prior to the impulse at substantially the same level as the baseline
after the impulse (i.e., an equivalent baseline before and after the impulse) while impulse responses 61a and 61b of the
prior art ECG HP filter have a very large baseline shift following the impulse. FIG. 3A shows the impulse response of
the variable high pass filter corner frequency set at 0.15 Hz. FIG. 3B shows the impulse response of the variable high
pass filter corner frequency set at 1.535 Hz. Though not shown, the value of baseline of the inputted ECG signal prior
to the impulse at substantially the same level as the baseline after the impulse over the full range of variable corner
frequencies in between 0.15 Hz and 1.535 Hz.
[0026] Also by example, FIG. 4 shows an input wave 22a of the ECG signal having a defibrillation event at time 10s
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with an offset change of 300 mV and an exponential decay of five (5) second time constant. For this example, a defibrillation
recovery 26a of ECG high pass filter 25 has a similar performance to a defibrillation recovery 26b of the prior art ECG
HP filter.
[0027] By further example, FIG. 5A shows a large level baseline wander 22b of the ECG signal. For this example, a
center display 26c of the ECG signal as filtered by ECG high pass filter 25 has better performance and lower distortion
of the ECG wave than a center display 26d of the ECG signal as filtered by the prior art ECG HP filter. More particularly,
FIG. 5A shows a high level of baseline wander will result in a corner frequency for ECG high pass filter 25 being higher
than the 0.5Hz prior art ECG HP filter whereby the base line wander is maintained well within the display range (e.g.,
better than the 0.5Hz filter) and even with the high corner frequency, the distortion of the ECG signal of ECG high pass
filter 25 is less than the 0.5Hz prior art ECG HP filter.
[0028] FIG. 5B shows a moderate level of baseline wander 22c of the ECG signal. For this example, a center display
26e of the ECG signal as filtered by ECG high pass filter 25 has minimal distortion of the ECG waveform while maintaining
the ECG within the center display as compared to the center display and distortion of 26f of the ECG signal as filtered
by the 0.5Hz prior art ECG HP filter. More particularly, at a moderate level of baseline wander, the corner frequency of
ECG high pass filter 25 will be lower than the of ECG high pass filter 25 yet the signal remains within the display range
and the lower corner frequency of ECG high pass filter 25 minimizes the distortion of the ECG wave.
[0029] Referring to FIGS. 6A and 6B, structural embodiments of ECG high pass filter 25 for achieving such operational
performance illustrated in FIGS. 2-5 include a baseline low pass filter 40 of the present invention, a signal delay 44 as
known in the art and a signal extractor 45 as known in the art (e.g., an adder circuit). For embodiment 25a of ECG high
pass filter 25, a baseline low pass filter 40a employs a series connection of FIR filter 41 and a IIR low pass filter 42
having coefficients dynamically adjusted by a baseline wander estimator 43 as shown in FIG. 6A. For embodiment 25b
of ECG high pass filter 25, a baseline low pass filter 40b employs a series connection of IIR low pass filter 42 and FIR
filter 41 having coefficients dynamically adjusted by a baseline wander estimator 43 as shown in FIG. 6B.
[0030] For both embodiments, ECG high pass filter 25 is operated as a filter having signal delay 44 for implementing
as filter response as applied to a baseline unfiltered electrocardiogram signal ECGbu(i), which may have been previously
low pass filtered for filtering high frequency signals (e.g., ≥ 20Hz) and may have a predefined sample rate (e.g., a
1000Hz). More importantly, baseline unfiltered electrocardiogram signal ECGbu(i) may include a baseline wander/drift.
In operation, baseline unfiltered electrocardiogram signal ECGbu(i) is inputted into baseline low pass filter 40 and signal
delay 44. A filtered baseline signal BSEf(i) representative of any baseline wander/draft is outputted by baseline low pass
filter 40 and extracted by signal extractor 45 from a delayed baseline unfiltered electrocardiogram signal ECGdbu(i),
which is delayed for real time ECG monitoring (e.g., 250 ms). The extraction yields a baseline filtered electrocardiogram
signal ECGbf(i) exhibiting minimal distortion when baseline wander is minimal yet large baseline wander is effectively
removed to keep the baseline filtered electrocardiogram signal ECGbf(i) on ECG display 26.
[0031] In practice, FIR filter 41 and IIR low pass filter 42 are cooperatively structurally designed for low pass filtering
baseline unfiltered electrocardiogram signal ECGbu(i) whereby baseline filtered electrocardiogram signal ECGbf(i) is
nonresponsive to a ramping of baseline unfiltered electrocardiogram signal ECGbu(i) and/or a baseline shift due to a R-
wave of ECGbu(i) unfiltered electrocardiogram signal ECGbu(i) is minimized.
[0032] In one embodiment of FIR filter 41, a boxcar FIR filter contains two (2) coefficients. Specifically, a current
coefficient fir_coef(1) is at the current sample of the baseline unfiltered electrocardiogram signal ECGbu(i) in accordance
with the following equation [1] and a prior coefficient fir_coef(delay +1) is prior to the current sample of the baseline
unfiltered electrocardiogram signal ECGbu(i) at a time equivalent to the filter delay (e.g., 250 ms) in accordance with the
following equation [2]: 

 where FC_LPF is the 3db corner frequency of IIR LP filter 42 in Hz.
[0033] In one embodiment of IIR low pass filter 42, a Butterworth 2nd order low pass filter is utilized whereby Butterworth
2nd order low pass filter has a z-transform H(z) that may written in accordance with the following equation [3]: 
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[0034] An exemplary implementation of the Butterworth 2nd order low pass filter for baseline low pass filter 40a (FIG.
6A) is in accordance with the following equation [4]: 

where y is filtered baseline signal BSEf, w is the output of FIR filter 41, and a and b are coefficients of the Butterworth
2nd order low pass filter for setting a corner frequency of the Butterworth 2nd order low pass filter.
[0035] An exemplary implementation of the Butterworth 2nd order low pass filter for baseline low pass filter 40b (FIG.
6B) is in accordance with the following equation [5]: 

where y is the output of the Butterworth 2nd order low pass filter, x is baseline unfiltered electrocardiogram signal ECGbu,
and a and b are coefficients of the Butterworth 2nd order low pass filter for setting a corner frequency of the Butterworth
2nd order low pass filter.
[0036] In practice, baseline wander estimator 43 estimates the level of baseline wander of baseline unfiltered electro-
cardiogram signal ECGbu as known in the art and dynamically adjusts the coefficients of FIR filter 41 and IRR LP filter
42 by appropriate increasing or decreasing the corner frequency of IRR LP filter 42 dependent upon the estimated level
of baseline wander of baseline unfiltered electrocardiogram signal ECGbu.
[0037] In one embodiment, baseline wander estimator 43 dynamically adjusts coefficients of FIR filter 41 and IIR LP
filter 42 in dependence of the estimated level of baseline wander of baseline unfiltered electrocardiogram signal ECGbu
and outputs adjustment signals AFIR and AIIR respectively consisting of dynamically adjusted coefficients of FIR filter 41
and IIR LP filter 42.
[0038] In an alternative embodiment, baseline wander estimator 43 dynamically adjusts a comer frequency CFIIR of
IIR LP filter 42 in dependence of the estimated level of baseline wander of baseline unfiltered electrocardiogram signal
ECGbu and outputs the outputs adjustment signals AFFIR and AIIR consisting of the dynamically adjusted corner frequency
CFIIR whereby FIR filter 41 and IIR LP filter 42 dynamically adjusts respective coefficients.
[0039] Referring to FIGS. 1-6, those having ordinary skill in the art will appreciate numerous benefits of the present
invention including, but not limited to, (1) substantial reduction in the computational requirement for implementing a ECG
high pass filter that minimally distorts the ECG signal and has an excellent rejection of baseline wander/drift, particularly
following a defibrillation event and (2) a ECG high pass filter configurable for both diagnostic purposes and EMS purposes.
[0040] While various embodiments of the present invention have been illustrated and described, it will be understood
by those skilled in the art that the embodiments of the present invention as described herein are illustrative, and various
changes and modifications may be made and equivalents may be substituted for elements thereof without departing
from the true scope of the present invention. In addition, many modifications may be made to adapt the teachings of the
present invention without departing from its central scope. Therefore, it is intended that the present invention not be
limited to the particular embodiments disclosed as the best mode contemplated for carrying out the present invention,
but that the present invention includes all embodiments falling within the scope of the appended claims.

Claims

1. A variable bandwidth electrocardiogram high pass filter (25), comprising:

a baseline low pass filter (40) including a finite impulse response filter (41) and an infinite impulse response low
pass filter (42) cooperatively structurally configured and operably connected for low pass filtering a baseline
unfiltered electrocardiogram signal (ECGbu) to output a filtered baseline signal (BSEf),

wherein the baseline low pass filter (40) further includes a baseline wander estimator (43) operably con-
nected to at least one of the finite impulse response filter (41) and the infinite impulse response low pass
filter (42) for dynamically adjusting a corner frequency of the baseline low pass filter (40) as a function of
an estimation of any baseline wander within the baseline unfiltered electrocardiogram signal (ECGbu);

a signal delay (44) operable for time delaying the baseline unfiltered electrocardiogram signal (ECGbu) to output
a delayed baseline unfiltered electrocardiogram signal (ECGdbu); and
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a signal extractor (45) operably connected to the baseline low pass filter (40) and the signal delay (44) for
extracting the filtered baseline signal (BSEf) from the delayed baseline unfiltered electrocardiogram signal
(ECGdbu) to output a baseline filtered electrocardiogram signal (ECGbf).

2. The variable bandwidth electrocardiogram high pass filter (25) of claim 1,
wherein the cooperative operation of the finite impulse response filter (41) and the infinite impulse response low
pass filter (42) includes the baseline filtered electrocardiogram signal (ECGbf) being nonresponsive to a ramping of
the baseline unfiltered electrocardiogram signal (ECGbu) as a function of a ratio of a current sample coefficient of
the finite impulse response filter (41) to an inverse of a corner frequency of the infinite impulse response low pass
filter (42).

3. The variable bandwidth electrocardiogram high pass filter (25) of claim 2, wherein the corner frequency of the infinite
impulse response low pass filter (42) is a function of a corner frequency of the electrocardiogram high pass filter (25).

4. The variable bandwidth electrocardiogram high pass filter (25) of claim 2, wherein a prior sample coefficient of the
finite impulse response filter (41) is a constant minus the current sample coefficient.

5. The electrocardiogram high pass filter (25) of claim 1, wherein the cooperative structural configuration of the finite
impulse response filter (41) and the infinite impulse response low pass filter (42) includes a gain of the baseline low
pass filter (40) being equal to a gain of the signal delay (43).

6. An electrocardiogram monitor (23), comprising:

a signal processor (24) operable to generate an electrocardiogram waveform (30) of a heart (11) of a patient
(10), wherein the signal processor (24) includes

a baseline low pass filter (40) including a finite impulse response filter (41) and an infinite impulse response
low pass filter (42) cooperatively operable for low pass filtering a baseline unfiltered electrocardiogram
signal (ECGbu) to output a filtered baseline signal (BSEf),

wherein the baseline low pass filter (40) further includes a baseline wander estimator (43) operably
connected to at least one of the finite impulse response filter (41) and the infinite impulse response low
pass filter (42) for dynamically adjusting a corner frequency of the baseline low pass filter (40) as a
function of an estimation of any baseline wander within the baseline unfiltered electrocardiogram signal
(ECGbu),

a signal delay (44) operable for time delaying the baseline unfiltered electrocardiogram signal (ECGbu) to
output a delayed baseline unfiltered electrocardiogram signal (ECGdbu), and
a signal extractor (45) operably connected to the baseline low pass filter (40) and the signal delay (44) for
extracting the filtered baseline signal (BSEf) from the delayed baseline unfiltered electrocardiogram signal
(ECGdbu) to output a baseline filtered electrocardiogram signal (ECGbf); and

an electrocardiogram display (26) operably connected to the signal processor (24) to display the electrocardi-
ogram waveform (30).

7. The electrocardiogram monitor (23) of claim 6,
wherein the cooperative operation of the finite impulse response filter (41) and the infinite impulse response low
pass filter (42) includes the baseline filtered electrocardiogram signal (ECGbf) being nonresponsive to a ramping of
the baseline unfiltered electrocardiogram signal (ECGbu) as a function of a ratio of a current sample coefficient of
the finite impulse response filter (41) to an inverse of a corner frequency of the infinite impulse response low pass
filter (42).

8. The electrocardiogram monitor (23) of claim 7, wherein the corner frequency of the infinite impulse response low
pass filter (42) is a function of a corner frequency of the electrocardiogram high pass filter (25).

9. The electrocardiogram monitor (23) of claim 7, wherein a prior sample coefficient of the finite impulse response filter
(41) is a constant minus the current sample coefficient.
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10. The electrocardiogram monitor (23) of claim 6, wherein the cooperative structural configuration of the finite impulse
response filter (41) and the infinite impulse response low pass filter (42) includes a gain of the baseline low pass
filter (40) being equal to a gain of the signal delay (43).

11. A defibrillator (20), comprising:

an electrocardiogram monitor (23) operable to generate an electrocardiogram waveform (30) of a heart (11) of
a patient (10), wherein the electrocardiogram monitor (23) includes

a baseline low pass filter (40) including a finite impulse response filter (41) and an infinite impulse response
low pass filter (42) cooperatively operable for low pass filtering a baseline unfiltered electrocardiogram
signal (ECGbu) to output a filtered baseline signal (BSEf),

wherein the baseline low pass filter (40) further includes a baseline wander estimator (43) operably
connected to at least one of the finite impulse response filter (41) and the infinite impulse response low
pass filter (42) for dynamically adjusting a corner frequency of the baseline low pass filter (40) as a
function of an estimation of any baseline wander within the baseline unfiltered electrocardiogram signal
(ECGbu),

a signal delay (44) operable for time delaying the baseline unfiltered electrocardiogram signal (ECGbu) to
output a delayed baseline unfiltered electrocardiogram signal (ECGdbu), and
a signal extractor (45) operably connected to the baseline low pass filter (40) and the signal delay (44) for
extracting the filtered baseline signal (BSE) from the delayed baseline unfiltered electrocardiogram signal
(ECGdbu) to output a baseline filtered electrocardiogram signal (ECGbf);

a shock source (29) operable to store shock energy; and
a defibrillation controller (27) operably connected to the electrocardiogram monitor (23) and the shock source
(29) to control a delivery of the shock energy to the heart (11) of the patient (10) responsive to a QRS analysis
of the electrocardiogram waveform (30).

12. The defibrillator (20) of claim 11,
wherein the cooperative operation of the finite impulse response filter (41) and the infinite impulse response low
pass filter (42) includes the baseline filtered electrocardiogram signal (ECGbf) being nonresponsive to a ramping of
the baseline unfiltered electrocardiogram signal (ECGbu) as a function of a ratio of a current sample coefficient of
the finite impulse response filter (41) to an inverse of a corner frequency of the infinite impulse response low pass
filter (42).

13. The defibrillator (20) of claim 12, wherein the corner frequency of the infinite impulse response low pass filter (42)
is a function of a corner frequency of the electrocardiogram high pass filter (25).

14. The defibrillator (20) of claim 12, wherein a prior sample coefficient of the finite impulse response filter (41) is a
constant minus the current sample coefficient.

15. The defibrillator (20) of claim 11, wherein the cooperative structural configuration of the finite impulse response filter
(41) and the infinite impulse response low pass filter (42) includes a gain of the baseline low pass filter (40) being
equal to a gain of the signal delay (43).

Patentansprüche

1. Elektrokardiogramm-Hochpassfilter (25) mit variabler Bandbreite, umfassend:

einen Baseline-Tiefpassfilter (40) mit einem Filter (41) mit endlicher Impulsantwort und einem Tiefpassfilter (42)
mit unendlicher Impulsantwort, die kooperativ strukturell konfiguriert und zur Tiefpassfilterung eines ungefilterten
Baseline-Elektrokardiogrammsignals (ECGbu) zwecks Ausgabe eines gefilterten Baseline-Signals (BSEf) be-
triebsbereit verbunden sind,
wobei der Baseline-Tiefpassfilter (40) weiterhin einen Baseline-Wander-Schätzer (43) umfasst, der mit zumin-
dest dem Filter (41) mit endlicher Impulsantwort oder dem Tiefpassfilter (42) mit unendlicher Impulsantwort
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betriebsbereit verbunden ist, um eine Eckfrequenz des Baseline-Tiefpassfilters (40) als eine Funktion einer
Schätzung eines Baseline Wander innerhalb des ungefilterten Baseline-Elektrokardiogrammsignals (ECGbu)
dynamisch einzustellen;
eine Signalverzögerung (44), die so arbeitet, dass sie das ungefilterte Baseline-Elektrokardiogrammsignal
(ECGbu) zeitlich verzögert, um ein verzögertes, ungefiltertes Baseline-Elektrokardiogrammsignal (ECGdbu)
auszugeben; sowie
einen mit dem Baseline-Tiefpassfilter (40) und der Signalverzögerung (44) betriebsbereit verbundenen Signa-
lextraktor (45), um das gefilterte Baseline-Signal (BSEf) aus dem verzögerten, ungefilterten Baseline-Elektro-
kardiogrammsignal (ECGdbu) zwecks Ausgabe eines gefilterten Baseline-Elektrokardiogrammsignals (ECGbf)
zu extrahieren.

2. Elektrokardiogramm-Hochpassfilter (25) mit variabler Bandbreite nach Anspruch 1,
wobei der kooperative Betrieb des Filters (41) mit endlicher Impulsantwort und des Tiefpassfilters (42) mit unendlicher
Impulsantwort das gefilterte Baseline-Elektrokardiogrammsignal (ECGbf) beinhaltet, das auf ein Ramping des un-
gefilterten Baseline-Elektrokardiogrammsignals (ECGbu) als eine Funktion eines Verhältnisses eines aktuellen Ab-
tastkoeffizienten des Filters (41) mit endlicher Impulsantwort zu einer Inversen einer Eckfrequenz des Tiefpassfilters
(42) mit unendlicher Impulsantwort nicht anspricht.

3. Elektrokardiogramm-Hochpassfilter (25) mit variabler Bandbreite nach Anspruch 2, wobei die Eckfrequenz des
Tiefpassfilters (42) mit unendlicher Impulsantwort eine Funktion einer Eckfrequenz des Elektrokardiogramm-Hoch-
passfilters (25) ist.

4. Elektrokardiogramm-Hochpassfilter (25) mit variabler Bandbreite nach Anspruch 2, wobei ein vorheriger Abtastko-
effizient des Filters (41) mit endlicher Impulsantwort eine Konstante minus des aktuellen Abtastkoeffizienten ist.

5. Elektrokardiogramm-Hochpassfilter (25) nach Anspruch 1, wobei die kooperative, strukturelle Konfiguration des
Filters (41) mit endlicher Impulsantwort und des Tiefpassfilters (42) mit unendlicher Impulsantwort eine Verstärkung
des Baseline-Tiefpassfilters (40) beinhaltet, die einer Verstärkung der Signalverzögerung (43) entspricht.

6. Elektrokardiogramm-Monitor (23), umfassend:

einen Signalprozessor (24), der so arbeitet, dass er eine Elektrokardiogramm-Wellenform (30) eines Herzens
(11) eines Patienten (10) erzeugt, wobei der Signalprozessor (24) enthält:

einen Baseline-Tiefpassfilter (40) mit einem Filter (41) mit endlicher Impulsantwort und einem Tiefpassfilter
(42) mit unendlicher Impulsantwort, die zur Tiefpassfilterung eines ungefilterten Baseline-Elektrokardio-
grammsignals (ECGbu) zusammenwirken, um ein gefiltertes Baseline-Signal (BSEf) auszugeben,

wobei der Baseline-Tiefpassfilter (40) weiterhin einen Baseline-Wander-Schätzer (43) enthält, der mit
zumindest dem Filter (41) mit endlicher Impulsantwort oder dem Tiefpassfilter (42) mit unendlicher
Impulsantwort betriebsbereit verbunden ist, um eine Eckfrequenz des Baseline-Tiefpassfilters (40) als
eine Funktion einer Schätzung eines Baseline Wander innerhalb des ungefilterten Baseline-Elektro-
kardiogrammsignals (ECGbu) dynamisch einzustellen,

eine Signalverzögerung (44), die so arbeitet, dass sie das ungefilterte Baseline-Elektrokardiogrammsignal
(ECGbu) zeitlich verzögert, um ein verzögertes, ungefiltertes Baseline-Elektrokardiogrammsignal (ECGdbu)
auszugeben, und
einen mit dem Baseline-Tiefpassfilter (40) und der Signalverzögerung (44) betriebsbereit verbundenen
Signalextraktor (45), um das gefilterte Baseline-Signal (BSEf) aus dem verzögerten, ungefilterten Baseline-
Elektrokardiogrammsignal (ECGdbu) zu extrahieren, um ein gefiltertes Baseline-Elektrokardiogrammsignal
(ECGbf) auszugeben; sowie

ein mit dem Signalprozessor (24) betriebsbereit verbundenes Elektrokardiogramm-Display (26) zur Darstellung
der Elektrokardiogramm-Wellenform (30).

7. Elektrokardiogramm-Monitor (23) nach Anspruch 6,
wobei der kooperative Betrieb des Filters (41) mit endlicher Impulsantwort und des Tiefpassfilters (42) mit unendlicher
Impulsantwort das gefilterte Baseline-Elektrokardiogrammsignal (ECGbf) beinhaltet, das auf ein Ramping des un-
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gefilterten Baseline-Elektrokardiogrammsignals (ECGbu) als eine Funktion eines Verhältnisses eines aktuellen Ab-
tastkoeffizienten des Filters (41) mit endlicher Impulsantwort zu einer Inversen einer Eckfrequenz des Tiefpassfilters
(42) mit unendlicher Impulsantwort nicht anspricht.

8. Elektrokardiogramm-Monitor (23) nach Anspruch 7, wobei die Eckfrequenz des Tiefpassfilters (42) mit unendlicher
Impulsantwort eine Funktion einer Eckfrequenz des Elektrokardiogramm-Hochpassfilters (25) ist.

9. Elektrokardiogramm-Monitor (23) nach Anspruch 7, wobei ein vorheriger Abtastkoeffizient des Filters (41) mit end-
licher Impulsantwort eine Konstante minus des aktuellen Abtastkoeffizienten ist.

10. Elektrokardiogramm-Monitor (23) nach Anspruch 6, wobei die kooperative, strukturelle Konfiguration des Filters
(41) mit endlicher Impulsantwort und des Tiefpassfilters (42) mit unendlicher Impulsantwort eine Verstärkung des
Baseline-Tiefpassfilters (40) beinhaltet, die einer Verstärkung der Signalverzögerung (43) entspricht.

11. Defibrillator (20), umfassend:

einen Elektrokardiogramm-Monitor (23), der so arbeitet, dass er eine Elektrokardiogramm-Wellenform (30)
eines Herzens (11) eines Patienten (10) erzeugt, wobei der Elektrokardiogramm-Monitor (23) enthält:

einen Baseline-Tiefpassfilter (40) mit einem Filter (41) mit endlicher Impulsantwort und einem Tiefpassfilter
(42) mit unendlicher Impulsantwort, die zur Tiefpassfilterung eines ungefilterten Baseline-Elektrokardio-
grammsignals (ECGbu) zusammenwirken, um ein gefiltertes Baseline-Signal (BSEf) auszugeben,

wobei der Baseline-Tiefpassfilter (40) weiterhin einen Baseline-Wander-Schätzer (43) enthält, der mit
zumindest dem Filter (41) mit endlicher Impulsantwort oder dem Tiefpassfilter (42) mit unendlicher
Impulsantwort betriebsbereit verbunden ist, um eine Eckfrequenz des Baseline-Tiefpassfilters (40) als
eine Funktion einer Schätzung eines Baseline Wander innerhalb des ungefilterten Baseline-Elektro-
kardiogrammsignals (ECGbu) dynamisch einzustellen,

eine Signalverzögerung (44), die so arbeitet, dass sie das ungefilterte Baseline-Elektrokardiogrammsignal
(ECGbu) zeitlich verzögert, um ein verzögertes, ungefiltertes Baseline-Elektrokardiogrammsignal (ECGdbu)
auszugeben, und
einen mit dem Baseline-Tiefpassfilter (40) und der Signalverzögerung (44) betriebsbereit verbundenen
Signalextraktor (45), um das gefilterte Baseline-Signal (BSEf) aus dem verzögerten, ungefilterten Baseline-
Elektrokardiogrammsignal (ECGdbu) zu extrahieren, um ein gefiltertes Baseline-Elektrokardiogrammsignal
(ECGbf) auszugeben;

eine Schockquelle (29), die so arbeitet, dass sie Schockenergie speichert; sowie
eine mit dem Elektrokardiogramm-Monitor (23) und der Schockquelle (29) betriebsbereit verbundene Defibril-
lationssteuerung (27), um eine Abgabe der Schockenergie an das Herz (11) des Patienten (10) in Reaktion auf
eine QRS-Analyse der Elektrokardiogramm-Wellenform (30) zu steuern.

12. Defibrillator (20) nach Anspruch 11,
wobei der kooperative Betrieb des Filters (41) mit endlicher Impulsantwort und des Tiefpassfilters (42) mit unendlicher
Impulsantwort das gefilterte Baseline-Elektrokardiogrammsignal (ECGbf) beinhaltet, das auf ein Ramping des un-
gefilterten Baseline-Elektrokardiogrammsignals (ECGbu) als eine Funktion eines Verhältnisses eines aktuellen Ab-
tastkoeffizienten des Filters (41) mit endlicher Impulsantwort zu einer Inversen einer Eckfrequenz des Tiefpassfilters
(42) mit unendlicher Impulsantwort nicht anspricht.

13. Defibrillator (20) nach Anspruch 12, wobei die Eckfrequenz des Tiefpassfilters (42) mit unendlicher Impulsantwort
eine Funktion einer Eckfrequenz des Elektrokardiogramm-Hochpassfilters (25) ist.

14. Defibrillator (20) nach Anspruch 12, wobei ein vorheriger Abtastkoeffizient des Filters (41) mit endlicher Impulsantwort
eine Konstante minus des aktuellen Abtastkoeffizienten ist.

15. Defibrillator (20) nach Anspruch 11, wobei die kooperative, strukturelle Konfiguration des Filters (41) mit endlicher
Impulsantwort und des Tiefpassfilters (42) mit unendlicher Impulsantwort eine Verstärkung des Baseline-Tiefpass-
filters (40) beinhaltet, die einer Verstärkung der Signalverzögerung (43) entspricht.
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Revendications

1. Filtre passe-haut d’électrocardiogramme à largeur de bande variable (25) comprenant :

un filtre passe-bas de base (40) comprenant un filtre à réponse impulsionnelle finie (41) et un filtre passe-bas
à réponse impulsionnelle infinie (42), configurés structurellement en coopération et raccordés opérationnelle-
ment pour un filtrage passe-bas d’un signal d’électrocardiogramme non filtré de base (ECGbu) afin d’émettre
un signal de base filtré (BSEf),
dans lequel le filtre passe-bas de base (40) comprend en outre un estimateur de dérapage de base (43),
opérationnellement raccordé à au moins un parmi le filtre à réponse impulsionnelle finie (41) et le filtre passe-
bas à réponse impulsionnelle infinie (42), afin d’ajuster dynamiquement une fréquence de coupure du filtre
passe-bas de base (40) en fonction d’une estimation d’un éventuel dérapage de base dans le signal d’électro-
cardiogramme non-filtré de base (ECGbu) ;
un retard de signal (44) réalisable pour retarder dans le temps le signal d’électrocardiogramme non filtré de
base (ECGbu), afin d’émettre un signal d’électrocardiogramme non filtré de base retardé (ECGdbu) ; et
un extracteur de signal (45) opérationnellement raccordé au filtre passe-bas de base (40) et au retard de signal
(44) pour extraire le signal de base filtré (BSEf) du signal d’électrocardiogramme non filtré de base retardé
(ECGdbu), afin d’émettre un signal d’électrocardiogramme filtré de base (ECGbf).

2. Filtre passe-haut d’électrocardiogramme à largeur de bande variable (25) selon la revendication 1, dans lequel le
fonctionnement en coopération du filtre à réponse impulsionnelle finie (41) et du filtre passe-bas à réponse impul-
sionnelle infinie (42) comprend le signal d’électrocardiogramme filtré de base (ECGbf) non sensible à une augmen-
tation du signal d’électrocardiogramme non filtré de base (ECGbu) en fonction d’un rapport entre un coefficient
d’échantillon applicable du filtre à réponse impulsionnelle finie (41) et l’inverse d’une fréquence de coupure du filtre
passe-bas à réponse impulsionnelle infinie (42).

3. Filtre passe-haut d’électrocardiogramme à largeur de bande variable (25) selon la revendication 2, dans lequel la
fréquence de coupure du filtre passe-bas à réponse impulsionnelle infinie (42) dépend de la fréquence de coupure
du filtre passe-haut d’électrocardiogramme (25).

4. Filtre passe-haut d’électrocardiogramme à largeur de bande variable (25) selon la revendication 2, dans lequel un
coefficient d’échantillon antérieur du filtre à réponse impulsionnelle finie (41) est une constante moins le coefficient
d’échantillon actuel.

5. Filtre passe-haut d’électrocardiogramme (25) selon la revendication 1, dans lequel la configuration structurelle en
coopération du filtre à réponse impulsionnelle finie (41) et du filtre passe-bas à réponse impulsionnelle infinie (42)
comprend un gain du filtre passe-bas de base (40) égal à un gain du retard de signal (43).

6. Moniteur d’électrocardiogramme (23) comprenant :

un processeur de signal (24) utilisable pour générer une forme d’onde d’un électrocardiogramme (30) du coeur
(11) d’un patient (10), dans lequel le processeur de signal (24) comprend :

un filtre passe-bas de base (40) comprenant un filtre à réponse impulsionnelle finie (41) et un filtre passe-
bas à réponse impulsionnelle infinie (42) fonctionnant en coopération pour le filtrage passe-bas d’un signal
d’électrocardiogramme non filtré de base (ECGbu), afin d’émettre un signal de base filtré (BSEf),
dans lequel le filtre passe-bas de base (40) comprend en outre un estimateur de dérapage de base (43),
opérationnellement raccordé à au moins un parmi le filtre à réponse impulsionnelle finie (41) et le filtre
passe-bas à réponse impulsionnelle infinie (42), afin d’ajuster dynamiquement une fréquence de coupure
du filtre passe-bas de base (40), en fonction d’une estimation d’un éventuel dérapage de base dans le
signal d’électrocardiogramme non filtré de base (ECGbu),
un retard de signal (44) utilisable pour retarder dans le temps le signal d’électrocardiogramme non filtré de
base (ECGbu), afin d’émettre un signal d’électrocardiogramme non filtré de base retardé (ECGdbu), et
un extracteur de signal (45) opérationnellement raccordé au filtre passe-bas de base (40) et au retard de
signal (44) pour extraire le signal de base filtré (BSEf) du signal d’électrocardiogramme non filtré de base
retardé (ECGdbu), afin d’émettre un signal d’électrocardiogramme filtré de base (ECGbf) ; et
un écran d’électrocardiogramme (26) opérationnellement raccordé au processeur de signal (24) pour affi-
cher la forme d’onde de l’électrocardiogramme (30).
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7. Moniteur d’électrocardiogramme (23) selon la revendication 6, dans lequel le fonctionnement en coopération du
filtre à réponse impulsionnelle finie (41) et du filtre passe-bas à réponse impulsionnelle infinie (42) comprend le
signal d’électrocardiogramme filtré de base (ECGbf) non sensible à une augmentation du signal d’électrocardio-
gramme non filtré de base (ECGbu), en fonction d’un rapport entre un coefficient d’échantillon actuel du filtre à
réponse impulsionnelle finie (41) et l’inverse d’une fréquence de coupure du filtre passe-bas à réponse impulsionnelle
infinie (42).

8. Moniteur d’électrocardiogramme (23) selon la revendication 7, dans lequel la fréquence de coupure du filtre passe-
bas à réponse impulsionnelle infinie (42) dépend d’une fréquence de coupure du filtre passe-haut d’électrocardio-
gramme (25).

9. Moniteur d’électrocardiogramme (23) selon la revendication 7, dans lequel un coefficient échantillon antérieur du
filtre à réponse impulsionnelle finie (41) est une constante moins le coefficient d’échantillon actuel.

10. Moniteur d’électrocardiogramme (23) selon la revendication 6, dans lequel la configuration structurelle en coopé-
ration du filtre à réponse impulsionnelle finie (41) et du filtre passe-bas à réponse impulsionnelle infinie (42) comprend
un gain du filtre passe-bas de base (40) égal à un gain du retard de signal (43).

11. Défibrillateur (20), comprenant :

un moniteur d’électrocardiogramme (23) utilisable pour générer une forme d’onde d’un électrocardiogramme
(30) du coeur (11) d’un patient (10), dans lequel le moniteur d’électrocardiogramme (23) comprend :

un filtre passe-bas de base (40) comprenant un filtre à réponse impulsionnelle finie (41) et un filtre passe-
bas à réponse impulsionnelle infinie (42) utilisable en coopération pour un filtrage passe-bas d’un signal
d’électrocardiogramme non filtré de base (ECGbu), afin d’émettre un signal de base filtré (BSEf),
dans lequel le filtre passe-bas de base (40) comprend en outre un estimateur de dérapage de base (43),
opérationnellement raccordé à au moins un parmi le filtre à réponse impulsionnelle finie (41) et le filtre
passe-bas à réponse impulsionnelle infinie (42), afin d’ajuster dynamiquement une fréquence de coupure
du filtre passe-bas de base (40), en fonction d’une estimation d’un éventuel dérapage de base dans le
signal d’électrocardiogramme non filtré de base (ECGbu),
un retard de signal (44) utilisable pour retarder dans le temps le signal d’électrocardiogramme non filtré de
base (ECGbu), afin d’émettre un signal d’électrocardiogramme non filtré de base retardé (ECGdbu), et
un extracteur de signal (45), opérationnellement raccordé au filtre passe-bas de base (40) et au retard de
signal (44) pour extraire le signal de base filtré (BSEf) du signal d’électrocardiogramme non filtré de base
retardé (ECGdbu), afin d’émettre un signal d’électrocardiogramme filtré de base (ECGbf),
une source de choc (29) utilisable pour stocker l’énergie de choc ; et
une commande de défibrillation (27), opérationnellement raccordée au moniteur d’électrocardiogramme
(23) et à la source de choc (29) afin de commander la distribution d’une énergie de choc au coeur (11) du
patient (10), en réponse à une analyse QRS de la forme d’onde de l’électrocardiogramme (30).

12. Défibrillateur (20) selon la revendication 11,
dans lequel le fonctionnement en coopération du filtre à réponse impulsionnelle finie (41) et du filtre passe-bas à
réponse impulsionnelle infinie (42) comprend le signal d’électrocardiogramme filtré de base (ECGbf) non sensible
à une augmentation du signal d’électrocardiogramme non filtré de base (ECGbu), en fonction d’un rapport entre un
coefficient d’échantillon actuel du filtre à réponse impulsionnelle finie (41) et l’inverse d’une fréquence de coupure
du filtre passe-bas à réponse impulsionnelle infinie (42).

13. Défibrillateur (20) selon la revendication 12, dans lequel la fréquence de coupure du filtre passe-bas à réponse
impulsionnelle infinie (42) dépend d’une fréquence de coupure du filtre passe-haut d’électrocardiogramme (25).

14. Défibrillateur (20) selon la revendication 12, dans lequel un coefficient échantillon antérieur du filtre à réponse
impulsionnelle finie (41) est une constante moins le coefficient d’échantillon actuel.

15. Défibrillateur (20) selon la revendication 11, dans lequel la configuration structurelle en coopération du filtre à réponse
impulsionnelle finie (41) et du filtre passe-bas à réponse impulsionnelle infinie (42) comprend un gain du filtre passe-
bas de base (40) égal à un gain du retard de signal (43).
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摘要(译)

心电图高通滤波器（25）采用基线低通滤波器（40），信号延迟（44）
和信号提取器（45）。在操作中，基线低通滤波器（40）包括有限脉冲
响应滤波器（41）和无限脉冲响应低通滤波器（42），协同低通滤波基
线未滤波心电图信号（ECGbu）以输出滤波后的基线信号（BSEf） 
）。基线低通滤波器（40）还包括基线漂移估计器（43），其根据基线
未过滤心电图信号（ECGbu）内的任何基线漂移的估计来动态调整基线
低通滤波器（40）的转角频率。信号延迟（44）时间延迟基线未过滤的
心电图信号（ECGbu）以输出延迟的基线未过滤的心电图信号
（ECGdbu），并且信号提取器（45）从延迟的基线未过滤的心电图信
号（ECGdbu）中提取过滤的基线信号（BSEf）。 ）输出基线滤波的心
电图信号（ECGbf）。
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