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ADAPTIVE SELECTION OF DIGITAL ECG
FILTER

CROSS-REFERENCED TO RELATED
APPLICATION

[0001] The present application is a Continuation Applica-
tion of U.S. application Ser. No. 13/828,544, filed Mar. 14,
2013, the entire disclosure of which is incorporated herein
by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to sensors, and more
particularly, to a sensor device utilized to measure ECG
signals using adaptive selection of digital filters.

BACKGROUND OF THE INVENTION

[0003] A sensor device can be placed on the upper-body of
a user (e.g. chest area) to sense an analog, single-lead,
bipolar electrocardiogram (ECG) signal through electrodes
that are attached to the skin of the user. The analog ECG
signal is sampled and converted to the digital domain using
an analog-to-digital converter (ADC) and is passed to a
signal processing unit of the sensor device to extract R wave
to R wave intervals (RR intervals) and other related features
of the ECG signal.

[0004] Typically, several ambient noises such as motion
artifacts and baseline wander, caused by the movement of
the user, are mixed with the ECG signal and thus picked up
by the sensor device resulting in less accurate ECG signal
detection. Conventional methods of filtering detected ECG
signals include filtering the ECG signal using a fixed analog
anti-aliasing filter before the ECG signal is converted to the
digital domain by an ADC and then filtering the ECG signal
using a digital band-pass filter that removes the baseline
wander and the out of the band noise.

[0005] However, these conventional methods do not
adequately filter ECG signals with changing parameters.
Therefore, there is a strong need for a cost-effective solution
that overcomes the above issue. The present invention
addresses such a need.

SUMMARY OF THE INVENTION

[0006] A method and system for filtering a detected ECG
signal are disclosed. In a first aspect, the method comprises
filtering the detected ECG signal using a plurality of digital
filters. The method includes adaptively selecting one of the
plurality of digital filters to maintain a minimum signal-to-
noise ratio (SNR).

[0007] Inasecond aspect, the system comprises a wireless
sensor device coupled to a user via at least one electrode,
wherein the wireless sensor device includes a processor and
a memory device coupled to the processor, wherein the
memory device stores an application which, when executed
by the processor, causes the processor to filter the detected
ECG signal using a plurality of digital filters. The system
further causes the processor to adaptively select one of the
plurality of digital filters to maintain a minimum signal-to-
noise ratio (SNR).

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The accompanying figures illustrate several
embodiments of the invention and, together with the
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description, serve to explain the principles of the invention.
One of ordinary skill in the art will recognize that the
embodiments illustrated in the figures are merely exemplary,
and are not intended to limit the scope of the present
invention.

[0009] FIG. 1 illustrates a wireless sensor device in accor-
dance with an embodiment.

[0010] FIG. 2 illustrates a block diagram of adaptive filter
selection in accordance with an embodiment.

[0011] FIG. 3 illustrates a diagram of Kurtosis of an ECG
signal in accordance with an embodiment.

[0012] FIG. 4 illustrates a diagram of computing mid-beat
SNR in accordance with an embodiment.

[0013] FIG. 5 illustrates a flowchart of computer mid-beat
SNR in accordance with an embodiment.

[0014] FIG. 6 illustrates a flowchart of a high level over-
view of the Quality Metric calculation in accordance with an
embodiment.

[0015] FIG. 7 illustrates a flowchart of a more detailed
Quality Metric calculation in accordance with an embodi-
ment.

[0016] FIG. 8 illustrates a flowchart of computing an
activity level in accordance with an embodiment.

[0017] FIG. 9 illustrates a flowchart of adaptive selection
of an ECG digital filter in accordance with an embodiment.
[0018] FIG. 10 illustrates a table of user notifications in
accordance with an embodiment.

[0019] FIG. 11 illustrates a diagram comparing ECG sig-
nal quality using a fixed filter and using adaptive selection
in accordance with an embodiment.

[0020] FIG. 12 illustrates a method for filtering a detected
ECG signal in accordance with an embodiment.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0021] The present invention relates to sensors, and more
particularly, to a sensor device utilized to measure ECG
signals using adaptive selection of digital filters. The fol-
lowing description is presented to enable one of ordinary
skill in the art to make and use the invention and is provided
in the context of a patent application and its requirements.
Various modifications to the preferred embodiment and the
generic principles and features described herein will be
readily apparent to those skilled in the art. Thus, the present
invention is not intended to be limited to the embodiments
shown but is to be accorded the widest scope consistent with
the principles and features described herein.

[0022] Utilizing a combination of adaptive filters, a sensor
device more accurately detects the ECG signal of a user over
conventional fixed filter methodologies. A method and sys-
tem in accordance with the present invention filters a
detected ECG signal using a predetermined number of
parallel digital band-pass filters (e.g. 4) with varying 3 dB
high-pass cutoff frequencies (e.g. 1, 5, 10, and 20 Hz). By
adaptively changing the digital filter whose output is used
for RR interval (or other related features) calculation, a
minimum signal-to-noise ratio (SNR) for the ECG signal is
maintained.

[0023] During sensing, the sensor device does not have a
reference ECG signal available to conventionally measure
noise and the SNR of the ECG signal. Thus, the sensor
device utilizes a Quality Metric (QM) for each of the
predetermined number of parallel digital band-pass filters to
estimate the SNR of the ECG signal. Because calculation of
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a Quality Metric results in power consumption by a micro-
processor of the sensor device, the Quality Metric at each
digital filter output can be calculated one at a time. Addi-
tionally, the sensor device utilizes activity level data or a
level of user motion registered on a MEMS device embed-
ded within the sensor device to measure noise and ECG
signal quality. The measured QM and activity level data are
both utilized by the sensor device as criteria for adaptive
selection and changing of the digital filter.

[0024] The method and system in accordance with the
present invention ensures that frequent switching between
different digital filters is eliminated. Frequent switching is
undesirable because every time a filter is switched, there is
a settling time and lag that affects the continuous and
accurate measurement of the ECG signal. By determining
whether a minimum ECG Quality Metric is maintained, the
sensor device ensures that a digital filter is not changed even
though the Quality Metric output of one or more of the other
digital filters is higher. The resulting hysteresis ensures
stability in the selection of the digital filter and prevents
erratic switching between digital filters based on transient
and short bursts of noise.

[0025] One of ordinary skill in the art readily recognizes
that a variety of sensor devices can be utilized to measure
ECG signals using adaptive selection of digital filters includ-
ing portable wireless sensor devices with embedded cir-
cuitry in a patch form factor and that would be within the
spirit and scope of the present invention.

[0026] To describe the features of the present invention in
more detail, refer now to the following description in
conjunction with the accompanying Figures.

[0027] FIG. 1 illustrates a wireless sensor device 100 in
accordance with an embodiment. The wireless sensor device
100 includes a sensor 102, a processor 104 coupled to the
sensor 102, a memory 106 coupled to the processor 104, an
application 108 coupled to the memory 106, and a trans-
mitter 110 coupled to the application 108. The sensor 102
obtains data from the user and transmits the data to the
memory 106 and in turn to the application 108. The pro-
cessor 104 executes the application 108 to process ECG
signal information of the user. The information is transmit-
ted to the transmitter 110 and in turn relayed to another user
or device.

[0028] In one embodiment, the sensor 102 comprises two
electrodes to measure cardiac activity and a MEMS device
(e.g. accelerometer) to record physical activity levels and the
processor 104 comprises a microprocessor. One of ordinary
skill in the art readily recognizes that a variety of devices can
be utilized for the processor 104, the memory 106, the
application 108, and the transmitter 110 and that would be
within the spirit and scope of the present invention.

[0029] FIG. 2 illustrates a block diagram 200 of adaptive
filter selection in accordance with an embodiment. The
block diagram 200 includes an analog-to-digital converter
A/D 202, four digital filters 204 coupled to the A/D 202, a
quality metric calculation unit 206 coupled to the four digital
filters 204, to a filter multiplexer (MUX) 208, and to a R-R
interval calculation algorithm unit 210. One of ordinary skill
in the art readily recognizes that different number of digital
filters can be coupled to the A/D including but not limited to
4, 6, and 10 filters and that would be within the spirit and
scope of the present invention. The block diagram 200 also
includes a MEMS device 212 coupled to an activity mea-
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surement unit 214, wherein the activity measurement unit
214 is coupled to the filter MUX 208.

[0030] In FIG. 2, ECG signals are detected by the sensor
102 of the wireless sensor device 100 and transmitted to the
A/D 202. Additionally, in FIG. 2, physical movements of the
user are detected by the MEMS device 212. After receiving
the ECG signals and converting them to the digital domain,
the A/D 202 transmits the signals through the four digital
filters 204 and to the quality metric calculation unit 206
which calculates a Quality Metric for each filter individually
to preserve processing power.

[0031] The filter MUX 208 receives each of these calcu-
lated Quality Metric values which aids in the selection of
which digital filter to use for the R-R interval calculation by
the R-R interval calculation algorithm unit 210. After detect-
ing the physical movements of the user, the MEMS device
204 transmits the data to the activity measurement unit 214
to calculate activity levels and to transmit the calculated
activity levels to the filter MUX 208 which also aids in the
selection of which digital filter to use for the R-R interval
calculation by the R-R interval calculation algorithm unit
210.

[0032] In one embodiment, calculation of the Quality
Metric includes both a statistical quality indicator compo-
nent and a mid-beat signal-to-noise ratio (SNR) quality
indicator component. As a result of a lack of a reference
ECG signal available during the time of sensing, statistical
properties and parameters of the motion artifacts, back-
ground noise, and the ECG signal are utilized to assess the
quality of the ECG signal. For statistical parameters to
accurately capture the quality of the ECG signal, a large
number of data samples is required. Therefore, the statistical
parameters are typically not sensitive to faster changes in
signal quality.

[0033] Using only statistical parameters as a signal quality
indicator has the drawback of having a low sensitivity to
small noise power level. Therefore, the statistical quality
indicator component is combined with the mid-beat SNR
quality indicator component. The mid-beat SNR quality
indicator component utilizes already detected QRS peaks of
the ECG signal to estimate the signal-to-noise ratio. Com-
bining both the statistical and mid-beat SNR quality indi-
cator components results in a Quality Metric calculation that
provides high sensitivity for different levels of noise.

[0034] An ECG signal has a sharp peak in the probability
density function in contrast to background noise which has
a flatter distribution. The noisier the ECG signal, the flatter
the distribution of the combination of ECG signal and noise.
In one embodiment, a Kurtosis algorithm is utilized to
measure sharp peaks of the distribution of a random vari-
able. Kurtosis of a random variable (x) is defined as Kurtosis
(X)=(E(x-m)*)/(B((x-m)*)*), where E(x) is the expected
value of the random variable x and m=FE(x). Kurtosis of the
ECG signal is a good indicator of the level of noise cor-
rupting the ECG signal. Therefore, calculation of the Kur-
tosis of the ECG signal represents the statistical quality
indicator component of the Quality Metric.

[0035] One of ordinary skill in the art readily recognizes
that an ECG signal has a high Kurtosis including but not
limited to a value greater than approximately 10, a pure
Gaussian signal has a Kurtosis including but not limited to
a value of approximately 3, and a motion artifact noise
corrupting the ECG signal has a Kurtosis including but not
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limited to a value of approximately between 2 and 5, and that
would be within the spirit and scope of the present invention.
[0036] FIG. 3 illustrates a diagram 300 of Kurtosis of an
ECG signal in accordance with an embodiment. In the
diagram 300, the left FIG. 302 shows an ECG signal
corrupted by motion artifacts and the right FIG. 304 shows
Kurtosis of an ECG signal that decreases when combined
with motion artifact and noise corruption.

[0037] Successive QRS peaks of the ECG signal are
analyzed for the calculation of the mid-beat signal-to-noise
ratio (SNR) quality indicator component. Part of the ECG
signal is called the TP segment. The TP segment denotes the
area of the ECG signal that is between the end of a T wave
of the previous beat and the start of a P wave of the next beat.
Under optimal conditions (e.g. very little to no noise cor-
rupting the ECG signal), the TP segment is at a flat baseline.
By computing the variance of the ECG signal over a
predetermined time period window in the middle of the TP
segment, an estimate of the noise power or amount of noise
corrupting the ECG signal is garnered.

[0038] To compute the mid-beat signal-to-noise ratio
(SNR) quality indicator component, a ratio of Signal Power
over Noise Power (mid-beat SNR=Signal Power/Noise
Power) is calculated. Noise Power is calculated as a variance
of the ECG signal over a predetermined time period window
in the middle of the TP segment is averaged over a plurality
of beats. Signal Power is calculated as an average of the RS
amplitude squared over the plurality of beats. In one
embodiment, a mid-point between two detected R peaks of
successive heartbeats is utilized for the mid-beat SNR
quality indicator component calculation instead of detecting
the T and P waves to lower power consumption.

[0039] FIG. 4 illustrates a diagram 400 of computing
mid-beat SNR in accordance with an embodiment. In the
diagram 400, the top FIG. 402 shows a clean ECG signal
that includes a flat baseline TP segment and the bottom FIG.
404 shows a noisy ECG signal that does not include a flat
baseline TP segment and instead includes a TP segment that
has many fluctuations.

[0040] FIG. 5 illustrates a flowchart 500 of computing
mid-beat SNR in accordance with an embodiment. In the
flowchart 500, an ECG signal is detected by a wireless
sensor device 100 and processed by a QRS peak detection
algorithm unit 502 which calculates QRS peak and mid-beat
data including but not limited to RS amplitude. The QRS
peak and mid-beat data is used to calculate the Signal Power
via unit 504 and the Noise Power via unit 506. The Signal
Power is calculated as the average of the RS amplitude
squared over a predetermined number of beats. The Noise
Power is calculated as the variance of the mid-beat prede-
termined time period window over a predetermined number
of beats. In one embodiment, the mid-beat predetermined
time period window is 100 milliseconds and the predeter-
mined number of beats is 10 beats. The mid-beat SNR is
calculated as the ratio of Signal Power/Noise Power via unit
508.

[0041] The Quality Metric is calculated by combining the
Kurtosis calculation (statistical quality indicator component)
and the mid-beat SNR calculation (mid-beat SNR quality
indicator component). FIG. 6 illustrates a flowchart 600 of
a high level overview of the Quality Metric calculation in
accordance with an embodiment. In the flowchart 600, an
ECG signal is detected by a wireless sensor device 100 and
processed by both a QRS peak detection algorithm unit 602
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and a Statistical Quality Metric calculation unit 604. The
Statistical Quality Metric calculation unit 604 calculates a
Kurtosis of the ECG signal. The QRS peak detection algo-
rithm unit 602 calculates QRS peak and mid-beat data that
is used to calculate the mid-beat SNR via the Mid-Beat SNR
calculation unit 606. The Quality Metric calculation unit 608
utilizes the outputs of both the Statistical Quality Metric
calculation unit 604 and the Mid-Beat SNR calculation unit
606 to calculate the overall Quality Metric of the detected
ECG signal.

[0042] FIG. 7 illustrates a flowchart 700 of a more detailed
Quality Metric calculation in accordance with an embodi-
ment. Referring to FIGS. 6 and 7 together, after the Kurtosis
of the ECG signal (SQM) is calculated via the Statistical
Quality Metric calculation unit 604, the SQM is compared
to a Threshold_SQM via 702. If SQM is greater than the
Threshold_SQM, then SQM_Coeff=SQ1, but if SQM is not
greater than the Threshold_SQM, then SQM_Coef=SQ2.
After the mid-beat SNR (MBSNR) is calculated via the
Mid-Beat SNR calculation unit 606, the MBSNR is com-
pared to a Threshold_MBSNR via 704. If MBSNR is less
than the Threshold_MBSNR, then MBSNR_Coeff=MBI,
but if MBSNR is not less than the Threshold MBSNR, then
MBSNR_Coeff=MB2. The overall Quality Metric is calcu-
lated via unit 706 per the following weighted linear combi-
nation equation: Quality Metric=SQM_Coeff*SQM+MB-
SNR_Coeff*MBSNR.

[0043] InFIG.7,if SQM (which represents the Kurtosis of
the ECG signal) is greater than the Threshold_SQM, that
typically indicates that the detected ECG signal is of a higher
quality. Therefore, the Kurtosis calculation (statistical qual-
ity indicator component) is less sensitive to small noise
changes and so is weighted less in the overall Quality Metric
calculation by setting SQ1<SQ2. The Kurtosis calculation
has a region of low sensitivity when the Kurtosis is a higher
value (e.g. 20-25).

[0044] Additionally, in FIG. 7, if MBSNR (which repre-
sents the mid-beat SNR of the ECG signal) is less than the
Threshold MBSNR, that typically indicates that the
detected ECG signal is of a lower quality. Therefore, the
mid-beat SNR calculation (mid-beat SNR quality indicator
component) is less accurate when detecting beats and so is
weighted less in the overall Quality Metric calculation by
setting MB1<MB2. The mid-beat SNR calculation has a
region of low sensitivity when the mid-beat SNR is a lower
value (e.g. below 5 dB).

[0045] FIG. 8 illustrates a flowchart 8§00 of computing an
activity level in accordance with an embodiment. In FIG. 8,
the MEMS device 802 detects activity data in x, y, and z
coordinates and passes the activity data through three par-
allel band pass filters 804. An absolute value of the activity
data is taken via 806 and the values are summed. The
summed values are passed through a low-pass filter 808
which output the activity level. In one embodiment, the
parameters of the three parallel band pass filters 804 include
but are not limited to a lowpass filter pole of 1 Hz and digital
band pass filters with a denominator coeflicient vector
A=[1024, -992, 32], a numerator coeflicient vector B=[496,
0, -496], and a sampling rate fs=62.5 Hz.

[0046] FIG. 9 illustrates a flowchart 900 of adaptive
selection of an ECG digital filter in accordance with an
embodiment. In the flowchart 900, a digital filter is selected
based o an activity level that is detected by a MEMS device
of the wireless sensor device 100, via step 902. The Quality
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Metric of the selected digital filter output is calculated over
a predetermined time period (e.g. 30 seconds), via step 904.
To prevent frequent switching and the lag time that ensues,
a minimum ECG Quality Metric is maintained. Maintaining
a minimum ECG Quality Metric ensures stability in the
selection of the digital filter so that although a higher Quality
Metric is available via another digital filter, another digital
filter is not selected to prevent erratic switching from
occurring.

[0047] If the calculated Quality Metric is determined to be
greater than QM_HI (which denotes a high quality ECG
signal), via step 906, then the flowchart 900 analyzes
whether the filter setting is at a lowest cutoff frequency
setting of the utilized parallel digital filters, via step 908. If
ves (the filter setting is at the lowest cutoff frequency
setting), then the ECG signal is at a high quality and optimal
processing level and so the flowchart 900 returns back to
step 904. If no (the filter setting is not at the lowest cutoff
frequency setting), then the Quality Metric of the previous
filter setting output is calculated over a predetermined time
period (e.g. 30 seconds), via step 910.

[0048] The calculated Quality Metric of the previous filter
is compared to the threshold QM_HI, via step 912. If the
calculated Quality Metric of the previous filter is greater
than QM_HI, then the digital filter is switched to the
previous filter setting, via step 914, and the flowchart 900
returns back to step 904. If the calculated Quality Metric of
the previous filter is not greater than QM_HI, the flowchart
900 returns to step 904.

[0049] Referring back to step 906, if the calculated Qual-
ity Metric is determined to not be greater than QM_HI, the
calculated Quality Metric is compared to QM_LO, via step
916. If the calculated Quality Metric is not less than
QM_LO, then it is determined to be between QM_HI and
QM_LO and is thus an ECG signal with an average level of
quality so there is no need to change the filter and the
flowchart 900 returns back to step 904,

[0050] If the calculated Quality Metric is less than
QM_LO, then the flowchart 900 analyzes whether the filter
setting is at a highest cutoff frequency setting of the utilized
parallel digital filters, via step 918. If yes (the filter setting
is at the highest cutoff frequency setting), then user alters are
generated based on activity, Quality Metric, and ECG ampli-
tude stating there are issues with the signal and/or connec-
tion. If no (the filter setting is not at the highest cutoff
frequency setting), the next filter setting is selected and the
flowchart 900 returns back to step 904 to calculate the
Quality Metric of the selected next filter setting.

[0051] In one embodiment, appropriate notifications are
sent to a user of the wireless sensor device 100 in accordance
with activity level, Quality Metric, and ECG amplitude
calculations. FIG. 10 illustrates a table 1000 of user notifi-
cations in accordance with an embodiment. In FIG. 10, if the
Quality Metric, QRS amplitude, and activity level are all at
a high level, then the diagnosis is a normal ECG signal and
there is no action. If the Quality Metric and QRS amplitude
are at a high level, and the activity level is at a low level,
then the diagnosis is a normal ECG signal and there is no
action.

[0052] If the Quality Metric and activity level are at a high
level, and the QRS amplitude is at a low level, then the
diagnosis is a weak but clean ECG signal and the action is
to use a digital gain, which involves multiplication of the
digital ECG signal by a factor greater than 1. If the Quality
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Metric is at a high level, and the QRS amplitude and the
activity level are both at a low level, then the diagnosis is a
weak but clean ECG signal and the action is to use a digital
gain.

[0053] Ifthe Quality Metric is at a low level, and the QRS
amplitude and the activity level are both at a high level, the
diagnosis is a noisy ECG signal due to motion artifact, bad
skin contact, or wrong placement of the wireless sensor
device 100 and the action is to warn the user or wait for the
activity to become low and reassess. If the Quality Metric
and the activity level are both at a low level, and the QRS
amplitude is at a high level, or if the Quality Metric and the
QRS amplitude are at a low level, and the activity level is at
a high level, or if the Quality Metric, the QRS amplitude,
and the activity level are all at a low level, then the diagnosis
is anoisy ECG signal due to bad contact or wrong placement
and the action is to warn the user if the issues persist.
[0054] FIG. 11 illustrates a diagram 1100 comparing ECG
signal quality using a fixed filter and using adaptive selec-
tion in accordance with an embodiment. In the diagram
1100, the quality metric of the fixed filter approach signifi-
cantly drops between the 200-300 seconds time period
whereas the quality metric of the adaptive selection
approach remains relatively stable at a quality metric value
above 10 between the 200-300 seconds time period.
[0055] FIG. 12 illustrates a method 1200 for filtering a
detected ECG signal in accordance with an embodiment.
The method 1200 includes filtering the detected ECG signal
using a plurality of digital filters, via step 1202. The method
1200 includes adaptively selecting one of the plurality of
digital filters to maintain a minimum signal-to-noise ratio
(SNR), via step 1204. In one embodiment, the plurality of
digital filters includes a plurality of parallel digital band-pass
filters with varying high-pass cutoff frequencies (e.g. 1-20
Hz).

[0056] In one embodiment, the method 1200 further
includes utilizing an output of the adaptively selected digital
filter to calculate features of the detected ECG signal includ-
ing but not limited to RR intervals. The method 1200 further
includes calculating a Quality Metric for each of the plu-
rality of digital filters, wherein the Quality Metric is utilized
to adaptively select one of the plurality of digital filters. In
one embodiment, the calculating is carried out on only one
of the plurality of digital filters at a time to conserve power
consumption related to the processing required for the
calculating.

[0057] In one embodiment, the calculating of the Quality
Metric comprises calculating a statistical quality indicator
(e.g. a Kurtosis calculation of the detected ECG signal) and
calculating a mid-beat SNR quality indicator (e.g. the ratio
of the Signal Power/Noise Power) and then combining these
two quality indicators via a weighted linear combination.
The method 1200 further includes calculating an activity
level using a microelectromechanical systems (MEMS)
device that is embedded within the wireless sensor device
100 to measure noise of the detected ECG signal.

[0058] In one embodiment, the method 1200 further
includes maintaining a minimum Quality Metric to prevent
erratic switching between the plurality of digital filters by
comparing various high and low level thresholds to the
calculated Quality Metrics for each output of the plurality of
digital filters. In one embodiment, the method 1200 further
includes providing notifications of ECG signal quality and
recommended actions for a user or operator of the wireless



US 2017/0202473 Al

sensor device 100. The notifications are based upon the
calculated Quality Metric, the calculated activity level, and
various other factors including but not limited to QRS
amplitude.
[0059] As above described, the method and system allow
for filtering a detected ECG signal using adaptive selection
of digital filters to maintain a minimum signal-to-noise ratio
(SNR) and ECG signal quality. A wireless sensor device
detects an ECG signal which is then filtered using a plurality
of dynamically adjusting digital filters. A Quality Metric is
calculated for each of the plurality of digital filters using
both a statistical component and a mid-beat SNR compo-
nent. The Quality Metric is used in combination with a
detected activity level to adaptively select one of the plu-
rality of digital filters that maintains a minimum BCG
quality level thereby arriving at more accurate ECG signal
based calculations.
[0060] A method and system for filtering a detected ECG
signal has been disclosed. Embodiments described herein
can take the form of an entirely hardware implementation,
an entirely software implementation, or an implementation
containing both hardware and software elements. Embodi-
ments may be implemented in software, which includes, but
is not limited to, application software, firmware, resident
software, microcode, etc.
[0061] The steps described herein may be implemented
using any suitable controller or processor, and software
application, which may be stored on any suitable storage
location or computer-readable medium. The software appli-
cation provides instructions that enable the processor to
cause the receiver to perform the functions described herein.
[0062] Furthermore, embodiments may take the form of a
computer program product accessible from a computer-
usable or computer-readable storage medium providing pro-
gram code or program instructions for use by or in connec-
tion with a computer or any instruction execution system.
For the purposes of this description, a computer-usable or
computer-readable storage medium can be any apparatus
that can contain, store, communicate, propagate, or transport
the program for use by or in connection with the instruction
execution system, apparatus, or device.
[0063] The computer-readable storage medium may be an
electronic, magnetic, optical, electromagnetic, infrared,
semiconductor system (or apparatus or device), or a propa-
gation medium. Examples of a computer-readable storage
medium include a semiconductor or solid state memory,
magnetic tape, a removable computer diskette, a random
access memory (RAM), a read-only memory (ROM), a rigid
magnetic disk, and an optical disk. Current examples of
optical disks include DVD, compact disk-read-only memory
(CD-ROM), and compact disk—read/write (CD-R/W).
[0064] Although the present invention has been described
in accordance with the embodiments shown, one of ordinary
skill in the art will readily recognize that there could be
variations to the embodiments and those variations would be
within the spirit and scope of the present invention. Accord-
ingly, many modifications may be made by one of ordinary
skill in the art without departing from the spirit and scope of
the appended claims.

What is claimed is:

1. A method to adaptively select an ECG digital filter,
comptrising:

selecting a digital filter based on an activity level detected

by an MEMS device of a wireless sensor device;
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calculating a first quality metric of an output of the
selected digital filter over a predetermined time period,

determining whether the first calculated quality metric is
greater than a threshold QM_HI;

in response to determining that the first calculated quality

metric is greater than a threshold QM_HI, determining
whether a filter setting is at a lowest cutoff frequency
setting of utilized parallel digital filters;
in response to determining that the filter setting is not at
the lowest cutoff frequency, calculating a second qual-
ity metric of a second output of a previous filter setting
over a second predetermined time period and determin-
ing whether the second calculated quality metric of the
previous filter is greater than the threshold QM_HI;

in response to determining that the second calculated
quality metric of the previous filter is greater than the
threshold QM_HI, switching the selected digital filter
to the previous filter setting and returning to the cal-
culating the quality metric of the output of the selected
digital filter; and

returning to the calculating the quality metric of the

output of the selected digital filter step.

2. The method of claim 1, further comprising:

in response to determining that the first calculated Quality

Metric is not greater than the threshold QM_HI, deter-
mining whether the first calculated Quality Metric is
less than a threshold QM_LO.

3. The method of claim 2, further comprising:

in response to determining that the first calculated Quality

Metric is not less than the threshold QM_LO, deter-
mining that the first calculated Quality Metric is
between the threshold QM_HI and the threshold
QM_LO and determining that the first calculated Qual-
ity Metric is an ECG signal with an average level of
quality.

4. The method of claim 3, further comprising;

in response to determining that the first calculated Quality

Metric is less than the threshold QM_LO, determining
whether the filter setting is at a highest cutoff frequency
setting of the utilized parallel digital filters.

5. The method of claim 4, further comprising:

in response to determining that the filter setting is at the

highest cutoff frequency setting, generating a user alert
based on at least one of activity level, Quality Metric,
or QRS amplitude;

6. The method of claim 4, further comprising:

in response to determining that the filter setting is not at

the highest cutoff frequency setting, switching to a next
filter setting.

7. The method of claim 1, wherein the activity level is
determined by processing body acceleration data captured in
X, y, and z coordinates of the MEMS device.

8. The method of claim 7, wherein the activity level is
further determined by passing the body acceleration data
through a band pass filter.

9. The method of claim 8, wherein the activity level is
further determined by:

calculating an absolute value of the filtered body accel-

eration data in three axes, and adding absolute magni-
tude values of the filtered body acceleration data in
three axes.

10. The method of claim 9, wherein the activity level is
further determined by passing the added absolute magnitude
values through a low-pass filter to output the activity level.
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11. A non-transitory computer-readable medium storing
executable instructions that, in response to execution, cause
a computer to perform operations comprising:

selecting a digital filter based on an activity level detected

by a MEMS device of a wireless sensor device;
calculating a first quality metric of an output of the
selected digital filter over a predetermined time period,
determining whether the first calculated quality metric is
greater than a threshold QM_HI,
in response to determining that the first calculated quality
metric is greater than a threshold QM_HI, determining
whether a filter setting is at a lowest cutoff frequency
setting of utilized parallel digital filters;
in response to determining that the filter setting is not at
the lowest cutoff frequency, calculating a second qual-
ity metric of a second output of a previous filter setting
over a second predetermined time period and determin-
ing whether the second calculated quality metric of the
previous filter is greater than the threshold QM_HI;

in response to determining that the second calculated
quality metric of the previous filter is greater than the
threshold QM_HI, switching the selected digital filter
to the previous filter setting and returning to the cal-
culating the quality metric of the output of the selected
digital filter; and

returning to the calculating the quality metric of the

output of the selected digital filter step.

12. The computer readable medium of claim 10, storing
executable instructions that, in response to further execution,
cause the computer to perform further operations compris-
ing:

in response to determining that the first calculated Quality

Metric is not greater than the threshold QM_HI, deter-
mining whether the first calculated Quality Metric is
less than a threshold QM_LO.

13. The computer readable medium of claim 12, storing
executable instructions that, in response to further execution,
cause the computer to perform further operations compris-
ing:

in response to determining that the first calculated Quality

Metric is not less than the threshold QM_LO, deter-
mining that the first calculated Quality Metric is
between the threshold QM_HI and the threshold
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QM_LO and determining that the first calculated Qual-
ity Metric is an ECG signal with an average level of
quality.

14. The computer readable medium of claim 13, storing
executable instructions that, in response to further execution,
cause the computer to perform further operations compris-
ing:

%n response to determining that the first calculated Quality
Metric is less than the threshold QM_LO, determining
whether the filter setting is at a highest cutoff frequency
setting of the utilized parallel digital filters.

15. The computer readable medium of claim 14, storing
executable instructions that, in response to further execution,
cause the computer to perform further operations compris-
ing:

in response to determining that the filter setting is at the
highest cutoff frequency setting, generating a user alert
based on at least one of activity level, Quality Metric,
or QRS amplitude;

16. The computer readable medium of claim 14, storing
executable instructions that, in response to further execution,
cause the computer to perform further operations compris-
ing:

in response to determining that the filter setting is not at
the highest cutoff frequency setting, switching to a next
filter setting.

17. The computer readable medium of claim 11, wherein
the activity level is determined by processing body accel-
eration data captured in X, y, and z coordinates of the MEMS
device.

18. The computer readable medium of claim 17, wherein
the activity level is further determined by passing the body
acceleration data through a band pass filter.

19. The computer readable medium of claim 18, wherein
the activity level is further determined by: calculating an
absolute value of the filtered body acceleration data,

adding absolute magnitude values of the filtered body
acceleration data, and

passing the added absolute magnitude values through a
low-pass filter to output the activity level.

20. The computer readable medium of claim 11, wherein

each of X, Y and Z acceleration data are passed through a
band pass filter.
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