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AUTOMATIC ONLINE DELINEATION OF A
MULTI-LEAD ELECTROCARDIOGRAM BIO
SIGNAL

FIELD OF INVENTION

[0001] The present invention relates to the acquisition and
monitoring of electrocardiogram (ECG) bio signals.

[0002] It more precisely relates to online (or real-time)
delineation of such signals.

STATE OF THE ART

[0003] Among the relevant cardiac signals, the noninvasive
electrocardiogram (ECG) has long been used as a means to
diagnose diseases reflected by disturbances of the heart’s
electrical activity. Beyond traditional electrocardiography,
the automated processing and analysis of the ECG signal has
been receiving significant attention and has witnessed sub-
stantial advances [1], [2]. In particular, a large body of algo-
rithms have been proposed for the detection of the ECG
characteristic waves, so-called ECG delineation, following a
variety of approaches based on low-pass differentiation [3],
the wavelet transform (WT) [4][6], dynamic time warping
[7], artificial neural networks [8], hidden Markov models [9],
or morphological transforms [10].

[0004] Traditionally, the automatic analysis of ECG sig-
nals, including filtering and delineation, was either taking
place online on bulky, high-performance bedside cardiac
monitors, or performed offline during a postprocessing stage
after ambulatory ECG recording using wearable, yet obtru-
sive, ECG data loggers (Holter devices). Recently, however, a
significant industrial and academic effort has been dedicated
to online automatic ECG analysis on miniature, wearable and
wireless ECG monitors as an enabler of next-generation
mobile cardiology systems. These efforts essentially resulted
in the development of two commercial products and a
research prototype: Toumaz’s Sensium Life Pebble [11], a
CE-certified ultra-small and ultra-low-power monitor for
single-lead ECG, heart rate (HR), physical activity, and skin
temperature measurements with a reported autonomy of five
days on a hearing aid battery; Corventis’s PiiX [12], a CE and
FDA-cleared lead-less band-aid-like ECG sensor able to per-
form continuous arrhythmia detection based on HR measure-
ments; and finally IMEC’s prototype of a single-lead bipolar
ECG patch [13] for ambulatory HR monitoring with a
claimed 10-day autonomy on a 160 mAh Li-ion battery.
Accordingly, state-of-the-art unobtrusive wireless mobile/
ambulatory ECG monitors are single lead and limited to
embedded HR measurement and analysis.

GENERAL DESCRIPTION OF THE INVENTION

[0005] An object of the invention is to provide an automatic
online delineation of a multi-lead ECG bio signal.

[0006] Another object of the invention is to provide an
embedded platform for monitoring an ECG bio signal.
[0007] Another object of the invention is to minimize the
computational complexity.

[0008] Another object of the invention is to reduce the
memory requirements of the stored ECG signals to fit the very
tight area and memory size available in low-power embedded
systems.

[0009] Another object of the invention is to minimize the
energy consumption of the provided embedded platform.
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[0010] All those objects are present in the invention which
concerns a method for automatic online delineation of an
electrocardiogram (ECG) bio signal, said method comprising
the detection of said bio signal through several leads followed
by the combination of those multiple acquisitions into a
single root-mean-squared (RMS) curve, said RMS curve
being then undergoing a real-time single-lead delineation
based on a mathematical processing.

[0011] Any ECG bio signal variant (with different number
of leads) of interest, in the context of ambulatory, remote and
mobile health and lifestyle applications and human-machine
interfaces and interactions, can be monitored and delineated
in the context of the invention. In a preferred embodiment of
the invention, when the ECG signal is acquired, the first step
performed is to remove the baseline wander (mainly caused
by respiration, electrode impedance changes due to perspira-
tion and body movements) in each of the leads, since the
quality of the subsequent delineation depends on the baseline
wander correction. The following two algorithms may be
used to perform this task.

[0012] Cubic Spline Baseline Estimation. This method
uses a third-order polynomial to approximate the base-
line wander, which is then subtracted from the original
signal. To do so, a representative sample (or knot) is
chosen for each beat from the silent isoelectric line,
which is represented by the PQ segment in most heart
rhythms. The polynomial is then fitted by requiring it to
pass through successive triplets of knots.

[0013] Morphological Filtering. This method applies
several erosion and dilation operations to the original
ECG signal to estimate the baseline wander. It first
applies an erosion followed by a dilation, which removes
peaks in the signal. Then, the resultant waveforms with
pits are removed by a dilation followed by an erosion.
The final result is an estimate of the baseline drift. The
correction ofthe baseline is then done by subtracting this
estimate from the original signal.

[0014] Ofcourse, any other suitable algorithm for perform-
ing this task may be used.

[0015] Once all the leads are filtered, they are combined
using a root mean squared (RMS) approach into a multi-lead
signal, which provides an overall view of the cardiac phenom-
ena and is independent of the lead system used.

[0016] Then, a single-lead delineation is performed on the
RMS curve generated after the combination of all the leads.
Any appropriate algorithm can be used to perform this delin-
eation step, in particular:

[0017] Wavelet Transform (WT). This method performs
the detection ofall characteristic points (onset, peak, and
end) of the ECG waves using preferably a quadratic
spline WT, which produces derivatives of smoothed ver-
sions of the input ECG signal at five dyadic scales (i.e.,
2! 10 2%). The choice of these scales is based on the
observation that most of the energy of the ECG signals
lies within these scales. In particular, it has been shown
that the energy of the QRS complex is lower in scales
higher than 2*, and that the P and T waves have signifi-
cant components at scale 2°.

[0018] According to this WT-based ECG delineation
principle, the WT at scale 2% is proportional to the deriva-
tive of the filtered version of the input ECG signal with
a smoothing function at scale 2*. Then, the zero cross-
ings of the WT correspond to the maxima or minima of
the smoothed ECG signal at different scales, and the
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maximum absolute values of the WT are associated with
maximum slopes in the smoothed ECG signal. More-
over, each sharp change in the input ECG signal is asso-
ciated with a line of maxima orminima across the scales.
Accordingly, using this information of local maxima,
minima, and zero crossings at different scales, the W1-
based algorithm identifies the fiducial points of the ECG
signal.

[0019] Multiscale Morphological Derivative (MMD).
This approach is also based on the fact that all the sin-
gular points of the ECG signal (onset, peak and end of
the QRS complex and P and T waves) correspond to
maxima and minima of the signal. Therefore, a singular
point is defined as a point where derivatives on the left
and right exist with different signs.

[0020] Advantageously, the MMD is applied on the
original signal and the delineation of the fiducial points
of the ECG signal is performed only taking into account
the transformed signal. This delineation detects the local
minima and maxima of the transformed signal, since, as
aforementioned, the MMD transform converts the sin-
gular points of the original ECG signal into local
maxima and minima.

[0021] The results generated after the delineation are then
preferably sent to a Wireless Body Sensor Network (WBSN)
coordinator/sink. Optionally, the raw ECG signal can also be
sent to the WBSN coordinator. In this case, Compressed
Sensing (CS) may be advantageously used to compress the
original raw ECG signals and therefore reduce airtime over
energy-hungry wireless links. This CS-based compression
algorithm consists of three processing stages. In the first one,
a linear transformation based on sparse binary sensing is
applied to the original ECG signal. The input data is simply
multiplied by a sparse binary random matrix in which each
column has a very small number d of nonzero entries equal to
1 (more details can be found in [14]), where d is chosen
depending on the sparsity of the input signal. The use of a
fixed binary sensing matrix, combined with the quasi-peri-
odic nature of the ECG signal, yields to very similar consecu-
tive measurement vectors. Then, interpacket redundancy
removal is performed to compute the difference between
consecutive vectors, therefore, only this difference is further
processed. Since encoding the difference needs less bits than
encoding the original samples, 3 bits can be saved (consider-
ing an input signal encoded with 12 bits). Thus, interpacket
redundancy removal adds 25% of compression due to this
reduction in the bit depth without losing the original infor-
mation (loss-less compression). In the last stage, Huffman
coding is preferably applied to encode the compressed signal
to be wirelessly transmitted.

DETAILED DESCRIPTION OF THE INVENTION

[0022] The invention will be better understood with the
following non-limiting example which relates to the evalua-
tion of a real-time multi-lead Wavelet Transform (WT) and
Multiscale Morphological Derivative (MMD)-based electro-
cardiogram (ECG) wave delineation and filtering algorithms,
which were ported and optimized to a state-of-the-art com-
mercial wearable embedded sensor platform.

[0023] A typical use of this system in clinical practice is the
3-lead configuration in ambulatory ECG monitoring. The 3
leads are simultaneously acquired at a sampling frequency of
250Hz and then filtered to remove the baseline wander. In this
case the cubic spline baseline estimation approach is used.

May 29, 2014

According to the previous general description of this tech-
nique, as “knot” is selected a point within the PR segment (the
time interval between the end of the P wave and the beginning
of the QRS complex). More specifically, the point that is 28
ms (seven samples) is experimentally chosen before the
beginning of the QRS complex. Consequently, detecting a
“knot” boils down to detecting the beginning of the QRS
complex, using a simplified version of the WT-based single-
lead delineator. Then, once three knots are detected, these
points are used to fit a third-order polynomial, which provides
an approximation of the baseline wander. This approximation
is further subtracted from the original signal.

[0024] Once the 3 leads x,[n], with 1=1, 2, 3, are filtered,
they are combined in a single multi-lead signal Xz, ,{n]
according to the following equation:

Xrus[n] =

where n denotes the discrete-time index.

[0025] Theresultant signal Xz,,c[n] is then delineated using
the WT or MMD-based algorithms mentioned above. In both
cases, after obtaining the derivatives of the signal, the algo-
rithm looks for maxima and minima in the transformed sig-
nal, which corresponds with the fiducial points of the original
ECG wave. The first point to be detected is the R peak, since
it is the most clear and easy to detect. Then, the algorithm
delineates the secondary waves around it, namely, the onset
and end of the QRS complex. Finally, the algorithm detects
the boundaries and peaks of the P and T waves.

[0026] All the delineation results are sent to a coordinator,
such as a mobile phone, where the results are displayed and
stored. In addition, the raw ECG signal is also sent to the
coordinator, using Compressed Sensing and 70% compres-
sion ratio, which leads to a good signal recovery.

[0027] As mentioned previously, the invention is not lim-
ited to the use of WT or MMD-based algorithms.

[0028] The same applies to the filtering algorithms.

[0029] Any suitable algorithm can be used.
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1. Method for automatic online delineation of an electro-

cardiogram (ECG) bio signal, said method comprising the
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detection of an ECG bio signal through several leads followed
by the combination of those multiple acquisitions into a
single root-mean-squared (RMS) curve, said RMS curve
being then undergoing a real-time single-lead delineation
based on a mathematical processing.

2. Method according to claim 1 wherein said real-time
single-lead delineation is based on a multi-scale Wavelet
transform.

3. Method according to claim 1 wherein said real-time
single-lead delineation is based on a multi-scale morphologi-
cal Derivative.

4. Method according to claim 1 comprising the removal of
baseline wander on each of the leads before the generation of
the RMS curve.

5. Method according to claim 4 wherein the removal of
baseline wander includes a morphological filtering.

6. Method according to claim 4 wherein the removal of
baseline wander includes a cubic spline baseline estimation.

7. Method according to claim 1 comprising the automatic
online delineation of the most relevant waves of an ECG,
namely QRS, P& T.

8. Method according to claim 1 wherein Compressed Sens-
ing (CS) is simultaneously applied.

9. Wireless Body Sensor Network (WBSN) for monitoring
a bio signal according to claim 1.

10. WBSN according to claim 9 comprising a standard
mobile or wearable embedded platform such as an iPhone for
displaying said bio signal.
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