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Description

Field

[0001] This invention relates to the field of pregnancy
monitoring and more particularly to a device for contrac-
tion monitoring.

Background

[0002] Pregnant women are full of questions about
their pregnancy, their bodies, and their babies. One of
the most stressful questions for late term women is am
| having contractions? Answering this question is key to
understand when labor is starting, allowing a pregnant
couple to prepare for the imminent delivery and eventu-
ally leave, in a timely manner, for the hospital or the care
institution where the delivery will happen. During the sec-
ond and third trimester already, women may experience
early contractions, also referred as Braxton Hicks con-
tractions. Braxton Hicks contractions are the manifesta-
tion that the uterus is slowly preparing for the delivery.
The feeling of a contraction is completely new and it is
impossible for a woman to reliably identify a contraction
from other abdominal physiological disturbances such
as abdominal cramps or bowel disturbances. This is es-
pecially true for first time moms, but second and third
time moms also report this problem, as they would often
forget what a contraction feels like.

[0003] Nextto pregnant women, clinicians have a vast
interest in monitoring contractions. History of contrac-
tions is part of the clinical examination in most countries,
and an OBGYN will typically ask her pregnant patient
whether she has had contractions since her last visit, and
how often. The answer to this question is inevitably in-
accurate since a woman is not able to reliably report con-
tractions.

[0004] Despite the importance of monitoring contrac-
tions outside the hospital or physician’s office, from both
a consumer and clinician perspective, there is to date no
solution available for contraction monitoring outside con-
trolled clinical settings. The best alternative solution
available today for consumers is a stopwatch, physical
and digital. Stopwatches rely on the woman’s perception
andfeeling of a contraction, and are therefore intrinsically
inaccurate and do not address the problem that woman
cannot recognize or detect their contractions.

[0005] In healthcare practices, contractions are meas-
ured using a tocograph, which measures the pressure
resulting from the contraction using a probe positioned
on the woman’s abdomen. The tocograph has several
limitations. First, a tocograph is obtrusive, as it requires
a woman to use a strap around her abdomen, a large
pressure probe and gel. The obtrusiveness of a toco-
graph limits its applicability outside controlled clinical en-
vironments. Second, the position of the tocograph probes
is important in getting a reliable measurement. As a con-
sequence, the tocograph has to be operated by trained
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clinical staff and cannot be used by the pregnant woman
herself. Third, a tocograph only measures the result of
the contraction (a change in pressure on the surface of
the abdomen), and not the actual physiological phenom-
ena leading to the contraction. As a consequence, toco-
graphs have shown low accuracy in characterizing con-
tractions, especially the intensity of the contractions.
[0006] Physiologically, the contraction originates with
the electrical activation of uterine cells, similar to the ac-
tivation of muscle cells. Measuring the uterine electrical
activity is amore accurate and morereliable way of meas-
uring contractions called electrohysterography (EHG).
US2012/0150010-A1 describes a device and method for
monitoring uterine activity based on EHG. However, such
devices are today limited to bulky devices with electrodes
and wires, operated by clinically experienced staff, and
limited to the clinical environment. Attempts have already
been made to improve the ease of use and the bulkiness
of such devices. US2007/0255184-A1 discloses a dis-
posable labor detection patch using electromyogram sig-
nals of the uterus. However, such a concept of a dispos-
able patch integrating all the electronics will inevitably be
associated with a very high cost due to the cost of the
electronic components, hindering is practicality and us-
ability as a disposable system. Although the electrode
part of the system needs to be often replaced for hygiene
and signal quality reasons, the electronics can be used
for hundreds or thousands of recordings without the need
to be dispose or replace it. Furthermore, although a patch
may be applicable for some pregnant women, attaching
an adhesive on the abdomen of a pregnant women often
will be considered uncomfortable as it may lead to itching
sensations, irritations, allergies or other disturbances.
For such cases, considering other form factors than a
patch would be advantageous.

[0007] Furthermore, the devices of US2012/0150010-
A1and US2007/0255184-A1 are limited in their function-
ality. These devices merely provide a measurement of
the contraction signal, and do not perform any further
analysis on the signal. As a resultthey are of limited value
to the user directly, but require the intervention of a clin-
ically experienced staff to interpret the results.

[0008] Electrodes placed on the abdomen of a preg-
nant woman are capable of measuring bio-potential sig-
nals that comprise various electrical signals generated
by the body such as the maternal electro-cardiogram
(mECG), the fetal electro-cardiogram (fECG) as well as
the uterine electrohysterogram (EHG) and uterine elec-
tromyogram (UEMG) which is equivalent to the electrical
signature of the uterine muscle contraction. The electro-
hysterogram can be seen as a high level view on the
uterine electrical activity, looking at the slower waves that
are generated by the common activation of a larger
number of uterine cells. Complementarily, the uterine
electromyogram can be seen as a fine view on the uterine
electrical activity, looking at the fast paced electrical
waves generated locally by smaller sets of uterine cells.
EHG signals are usually analyzed in the time domain,
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using RMS, linear filters or other statistics, to come to an
estimation of a contraction signal. UEMG signals are usu-
ally analyzed in the time frequency domain using Fourier
transforms, wavelet transforms, etc. EHG and UEMG sig-
nals are superposed to the maternal and fetal electro-
cardiogram. Signal processing techniques are also re-
quired to isolate every physiological contributions to the
bio-potential signals. All these signals are monitored dur-
ing long periods of time in the hospital during labor or in
the last months of the pregnancy for monitoring and need
to be further analyzed by a care specialist. These signals
are usually displayed on a screen or printed on a sheet
of paper while the signals are being recorded.

[0009] In view of the foregoing, a need exists in preg-
nancy monitoring for a device and a method for contrac-
tion monitoring that can be used by pregnant women in
any environment, answering the most stressful questions
that women have as they are progressing throughout
pregnancy, while providing important clinical information
that the healthcare practitioner can use during his clinical
examination.

[0010] US2014/180169 A1 discloses a signal process-
ing arrangement for processing electrophysiological sig-
nals related to uterine contractions of a pregnant woman.
An input receives an electrophysiological signal that is
measured on the abdomen of a pregnant woman. A filter
receives the electrophysiological signal and provides a
filtered electrohysterogram signal, the filter being config-
ured to allow a passages of frequencies of the electro-
physiological signal in a first frequency range and to at-
tenuate frequencies of the electrophysiological signal
outside the first frequency range, the first frequency
range being from 0 Hz to 3 Hz. A window function appli-
cator receives the filtered electrohysterogram signal and
provides an output waveform, the window function appli-
cator being configured to generate the output waveform
by continuously applying a window function to samples
of the filtered electrohysterogram signal. A single appli-
cation of the window function comprises adding, accord-
ing to the window function, samples of the filtered elec-
trohysterogram signal of an interval of time preceding the
application of the window function. An output provides
the output waveform, the output waveform simulating
output data of a tocodynamometer or an intra-uterine
pressure catheter, the output data representing data re-
lating to uterine contractions.

[0011] US 2005/267376 A1 discloses a maternal-fetal
monitoring system. The system comprises a set of sen-
sors; an amplifying/filtering means; a computing means;
and a graphical user interface. Accurate clinical data,
which can be extracted and provided to the user in real-
time, include maternal electrocardiogram (ECG) signals,
maternal uterine activity signals (EHG), maternal heart
rate, fetal ECG signals, and fetal heart rate.

Disclosure of the invention

[0012] According to the present invention there is pro-
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vided the contraction monitoring system of claim 1. Ad-
ditional aspects of the invention are set out in the de-
pendent claims.

[0013] In an embodiment of the system according to
the present invention, the method

performed by the signal processing module further com-
prises the steps of

processing the bio-potential signal to extract maternal
electrocardiogram signals. In another embodiment of the
system according to the present invention, the method
performed by the signal processing module further com-
prises the steps of processing the bio-potential signal to
extract fetus electrocardiogram signals.

[0014] In a further embodiment of the system accord-
ing to the present invention, the method performed by
the signal processing module further comprises the steps
of isolating from the electrohysterogram signals the part
of the electrohysterogram signal that is relevant to the
electrical activity of the uterus, and separating it out from
the part of the electrohysterogram signal that is related
to other physiological phenomena, noise, artifacts and
any other contributions.

[0015] According to the present invention, the sensor
module further comprises an inertial sensing module and
the signal acquisition module further comprises the step
of acquiring inertial sensing module data.

[0016] The method performed by the signal processing
module further comprises the steps of processing the
inertial sensing module data to extract uterine contraction
signals.

[0017] Advantageously, the method performed by the
signal processing module further comprises the steps of
processing the inertial sensing module data to measure
motion artifact and wherein the step of processing the
bio-potential signal to extract electrohysterogram sig-
nals, maternal electrocardiogram signals and fetus elec-
trocardiogram signals, further comprises the step of ap-
plying motion artifact filtering to at least one of the ex-
tracted signals based on the measured motion artifact.
In an embodiment of the present invention, artifacts are
detected by advantageously combining electrohystero-
gram signals and inertial sensing module data. Motion
artifacts are made up of broad spectrum frequency com-
ponents and artifacts which affect the signal of interest
will also be visible outside of the specific band of interest.
In general, motion artifacts are characterized by a short-
time high-energy peak over a wide spectral range of the
bio-potential signals. Detection of artifacts in bio-poten-
tial signals can hence be performed by calculating the
energy of the signal outside of the band of interest, and
setting a moving threshold (TA) to detect the instances
in which a motion artifact distorts the signal of interest.
The threshold for artifact detection is dynamically
changed based on the moving baseline energy in the
frequency band used for artifact detection. This method
has proven successful in detecting strong motion arti-
facts, but is not sufficient in situations where the baseline
energy level is high, or if the influence of the motion on
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the energy in the artifact detection band is low. In these
cases, we can advantageously use of an inertial sensor
to dynamically lower the threshold level during instances
of increased motion of the sensor module. To this end,
two features related to the rotational and translational
energy of the inertial sensor are calculated and linearly
combined as an indicator of the amount of sensor motion.
When the amount of sensor motion exceeds a set mini-
mum level (Lm), which can occur due to sensor noise of
minor movements due to breathing, fetal movement, etc.,
the threshold TA, used to detect motion artifacts in the
bio-potential signal, is lowered. The amount by which the
threshold TA is lowered depends on the amount by which
the sensor motion energy (Em) exceeds the minimum
levelLm. This way, the motion energy Em can temporarily
increase the sensitivity of the system in the detection of
motion artifacts. Furthermore, as sharp motions often re-
sult in residual artifacts after the actual motion has sub-
sided, a first order IIR filter is used to slowly return the
threshold TA to its original value.

[0018] In an embodiment of the present invention, the
method performed by the signal processing module fur-
ther comprises the steps of

- processing bio-potential signal to extract uterine
electromyogram (UEMG),

- processing the UEMG signals to extract UEMG
markers, and

- classifying the bio-potential signals into contraction
types based on the UEMG markers.

[0019]
comprise

In a preferred embodiment, UEMG markers

-  statistical features, such as at least one of average,
mean, percentiles, standard deviation, kurtosis, any
other statistical moments,

- power spectrum features such as at least one of total
power in the bandwidth, peak power, mean power,
average power, power in certain frequency bands,
entropy features and

- spatial propagation features such as at least one of
laplacian, gradient, and higher order propagation
features
to indicate the rate, the pattern and the spatial dis-
tribution of the firing of the uterine contractile cells.

[0020] According to another embodiment of the
present invention, the method performed by the signal
processing module further comprises the step of analyz-
ing the uterine contraction signals to compute uterine
contraction statistics.

[0021] Inapreferred embodiment of the presentinven-
tion, the sensor module further comprises an inertial
sensing module and/or is configured to interact with an
activity sensor provided by another device, and wherein
the method performed by the signal processing module
further comprises the steps of
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- measuring maternal activity,
- correlating maternal activity with uterine contraction
signals and/or uterine contraction statistics.

[0022] According to a further embodiment of the
present invention, the step of processing the individual
signals to extract uterine contraction signals further com-
prises the steps of

- processing the mECG signals to extract a maternal
heart rate (mHR) and maternal heart rate variation
(mHRV),

- processing mHR and mHRV to extract maternal
stress level,

- correlating contractions with maternal stress level.

[0023] In an embodiment of the system according to
the present invention, the method performed by the sig-
nal processing module further comprises the step of pro-
viding user feedback.

[0024] According to a preferred embodiment of the
present invention, the method performed by the signal
processing module further comprises the steps of

- processing the fECG signals to extract a fetal heart
rate (fHR) and fetal heart rate variation (fFHRV),
- correlating contractions with fetal fHR and/or fHRV.

[0025] Advantageously, the method performed by the
signal processing module further comprises the steps of

- extracting the position and movement of the fetus
from the fECG,

- measuring fetal activity from the position and move-
ment of the fetus.

[0026] Preferably, the method performed by the signal
processing module further comprises the step of meas-
uring fetal activity with the inertial sensing module.
[0027] According to an embodiment of the present in-
vention, the method performed by the signal processing
module further comprises the step of correlating uterine
contraction signals and/or uterine contraction statistics
with fetal activity.

[0028] In apreferred embodiment, the electrode patch
further comprises a bias electrode and a second meas-
urement electrode, wherein the first and second meas-
urement electrodes are located on the two extremities of
the electrode patch, and wherein the reference electrode
is located substantially in the middle of the electrode
patch.

[0029] Inanother preferred embodiment, the electrode
patch further comprises a third measurement electrode,
wherein the first and second measurement electrode and
the reference electrode are positioned substantially on a
line, and wherein the third measurement electrode is po-
sitioned below the reference electrode substantially per-
pendicular to the line.
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[0030] According to another aspect of the present in-
vention, there is provided an electrode patch for use in
the system as described above, comprising a bias elec-
trode, three measurement electrodes and a reference
electrode, wherein the first and second measurement
electrode and the reference electrode are positioned sub-
stantially on a line, wherein the third measurement elec-
trode is positioned below the reference electrode sub-
stantially perpendicular to the line.

[0031] According to another aspect of the present in-
vention, there is provided a sensor module for use in the
system as described above, configured to connect to the
electrode patch described in the present patent applica-
tion, comprising the signal acquisition module, the signal
processing module, the power management module, the
sensor control module and at least one of the memory
module or the data transmission module.

[0032] Itis a further aspect of the present invention to
provide a contraction monitoring device for use in the
system disclosed in this application, comprising an elec-
trode patch and a sensor module configured to commu-
nicate with a user personal device configured to perform
parts of the functions carried out by the signal processing
module and / or by the signal acquisition module of the
sensor module.

[0033] Advantageously, functions carried out by the
user personal device further comprise

- using context information coming from the user per-
sonal device to improve the accuracy and reliability
of the user’s uterine contraction activity estimation,
maternal activity estimation, maternal stress estima-
tion, fetal HR/HRV estimation, fetal movement esti-
mation, fetal position estimation,

- providing feedback to the user according to the
measured parameters and estimated information to
improve lifestyle and reduce risks related to preg-
nancy.

[0034] Inanembodiment, a method for monitoring con-
tractions is provided which comprises the steps of:

a. measuring bio-potential signals by providing at
least two electrodes on the abdomen of a pregnant
woman,

b. processing the bio-potential signals to extract
EHG signals,

c. processing the EHG signals to extract uterine con-
traction signals, and

d. analyzing the uterine contraction signals to com-
pute uterine contraction statistics.

[0035] This method allows the measurementof various
types of bio-potential signals that carry information about
the uterine activity of the pregnant woman. Each bio-
potential signal can be processed and provide specific
information related to the uterine activity of the pregnant
woman. Combining the information corresponding to
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each type of bio-potential signal results in a more precise
analysis of the uterine activity of the pregnant woman
and allows a better and more precise diagnosis. Thanks
to the uterine contraction statistics performed at step d)
using the various contraction signals, this diagnosis is
performed automatically by the method and no care spe-
cialistis required to interpret the various signals acquired.
The uterine statistics computed are used to inform or
alert the pregnant woman of the current status of her
pregnancy and when she may need to go to the hospital.
Such a device can therefore minimize risks of miscar-
riage, pre-term birth, and any complications related to
pregnancy. Thanks to the method, the pregnant woman
can be aware at all times of the current status of her
pregnancy.

[0036] Inembodimentsoftheinvention, the processing
of bio-potential signals comprises isolating and separat-
ing a part of the bio-potential signals that is relevant to
the electrical activity of the uterus.

[0037] In embodiments of the invention, step b) com-
prises applying a filter having a bandpass of 0.3 Hz to
0.8 Hz to the biopotential signals.

[0038] Inembodiments of the invention, the measured
bio-potential signals comprise electrohysterogram sig-
nals, uterine electromyogram signals, material electro-
cardiogram signals and fetus electrocardiogram signals.
[0039] In embodiments of the invention, measuring
bio-potential signals comprises providing at least three
electrodes on the abdomen of the pregnant woman
wherein the third electrode is used as a bias electrode
or third leg electrode.

[0040] In embodiments of the invention, measuring
bio-potential signals comprises three measurementelec-
trodes, one reference electrode and one bias electrode.
[0041] In embodiments of the invention, the reference
electrode is positioned slightly under the navel.

[0042] In embodiments of the invention, the three
measurement electrodes are such that one is positioned
to the right, one is positioned to the left and one is posi-
tioned below the reference electrode.

[0043] In embodiments of the invention, the distance
between the reference electrode and each measurement
electrode is between 3 to 10 centimeters.

[0044] Inembodiments of the invention, the electrodes
are integrated in one electrode patch, and wherein the
step of measuring bio-potential signals comprises pro-
viding the electrode patch to the abdomen of the abdo-
men of the pregnant woman.

[0045] In embodiments of the invention, the step of
processing the bio-potential signals comprises at least
one of time-domain filtering, frequency-domain filtering,
time-frequency-domain filtering or blind source separa-
tion.

[0046] In embodiments of the invention, the step of
processing EHG signals comprises converting EHG sig-
nals into uterine contraction signals.

[0047] In embodiments of the invention, the step of
processing EHG signals comprises at least one of root-
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mean-square, averaging, linear filters, integration oper-
ators, energy operators or entropy operators.

[0048] In embodiments of the invention, the step of an-
alyzing uterine contraction signals comprises extracting
uterine contraction features to calculate uterine contrac-
tion statistics.

[0049] In embodiments of the invention, the uterine
contraction features comprises at least one of on-set,
end or amplitude of a contraction.

[0050] Inembodiments of the invention, the step of an-
alyzing uterine contraction signals comprises determin-
ing the contraction on-set by determining the inflexion
point of the uterine contraction signal, verifying if the in-
flection point corresponds to an ascending slope and de-
termining the closest zero-derivative point in the uterine
contraction signal prior to the inflexion point.

[0051] Inembodiments of the invention, the step of an-
alyzing uterine contraction signals comprises determin-
ing the end of a contraction by determining the inflexion
point of the uterine contraction signals, verifying if this
inflexion point corresponds to a descending slope and
determining the closest zero-derivative point of the uter-
ine contraction signals.

[0052] In embodiments of the invention, the step of an-
alyzing uterine contraction signals further comprises de-
termining the contraction amplitude by determining the
local maximum between the contraction on-set and the
end of a contraction.

[0053] Inembodiments of the invention, the step of an-
alyzing uterine contraction signals comprises identifying
patterns in the uterine contraction signals by applying a
wavelet transform to the uterine contraction signals
wherein the on-set of the contraction is determined by
the point at which the energy of the wavelet raises above
a predetermined value and the amplitude of the contrac-
tion is determined by the total power of the wavelet trans-
form.

[0054] Inembodiments of the invention, the step of an-
alyzing uterine contraction signals comprises matching
the uterine contraction signals with template signals
stored in a database.

[0055] In embodiments of the invention, the database
is user specific.
[0056] In embodiments of the invention, the uterine

contraction statistics comprise at least one of frequency,
duration or intensity of contraction.

[0057] In embodiments of the invention, the step of
measuring bio-potential signals comprises receiving bio-
potential signals, and conditioning and amplifying the re-
ceived bio-potential signals.

[0058] In embodiments of the invention, the step of
measuring bio-potential signals comprises filtering arti-
facts.

[0059] In embodiments of the invention, the filtering of
artifacts comprises measuring a motion artifact signal in
parallel to the bio-potential signals.

[0060] In embodiments of the invention, the motion ar-
tifact signal is measured by an accelerometer attached
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[0061] Inembodiments of the invention, the motion ar-
tifact signal is a contact impedance measured using the
at least two electrodes.

[0062] In embodiments of the invention, the step of fil-
tering artifacts comprises receiving measured motion ar-
tifact data.

[0063] Inembodiments of the invention, the step of an-
alyzing the uterine contraction signals comprises extract-
ing uterine contraction features from the uterine contrac-
tion signals, detecting contractions, and calculating uter-
ine contraction statistics.

[0064] In embodiments of the invention, the method
further comprises

(e) processing the bio-potential signals to extract
uterine electromyogram (UEMG) signals,

(f) processing the UEMG signals to extract UEMG
markers, and

(g9) classifying the bio-potential signals into contrac-
tion types based on the UEMG markers.

[0065] In embodiments of the invention, the step of
processing UEMG signals comprises extracting UEMG
features to extract the UEMG markers.

[0066] In embodiments of the invention, at least one
of the uterine contraction statistics of step (d) are used
as input for the processing of UEMG signals in step (f).
[0067] In embodiments of the invention, the method
further comprises

(h) identifying bio-processing signals representing labor.
[0068] In embodiments of the invention, the step of
identifying bio-processing signals

representing labor is using at least one of a UC statistic
of step (d) or a contraction type of step (g).

[0069] In embodiments of the invention, the method
further comprises

(i) processing the bio-potential signals to extract ma-
ternal electro-cardiogram (mECG) signals,

(j) processing the mECG signals to extract a mater-
nal heart rate (mHR).

[0070] In embodiments of the invention, the step of
processing the mECG signals comprises analyzing the
mECG signals to extract mECG R-waves.

[0071] In embodiments of the invention, the method
further comprises

(k) processing the maternal heart rate to extract maternal
stress level.

[0072] In embodiments of the invention, the method
further comprises

() processing the bio-potential signals to extract fetal
electro-cardiogram (fECG) signals,

(j) processing the fECG signals to extract a fetal heart
rate (fHR).
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[0073] Inembodiments oftheinvention, the processing
to extract fECG signals in step (1) uses the mECG signals
of step (i) as input to filter the mECG signals from the
fECG signals.

[0074] Inembodiments oftheinvention, the processing
of the fECG signals comprises determining the morphol-
ogy of the fECG signals.

[0075] In embodiments of the invention, the method
further comprises the step of simultaneously visualizing
the UC signals and the fHR signals to determine fHR
changes during a contraction.

[0076] In embodiments of the invention, the method
further comprises measuring maternal activity using an
activity sensor.

[0077] In embodiments of the invention, the method
further comprises measuring fetal activity using an ac-
celerometer positioned on the abdomen of the pregnant
woman.

[0078] In embodiments of the invention, the method
further comprises providing information to the pregnant
woman based on at least one of a UC statistic of step (d)
or a contraction type of step (g).

[0079] Inanembodiment, a contraction monitoring de-
vice is provide which comprises

- an electrode patch comprising at least two elec-
trodes, including a measurement electrode and aref-
erence electrode, and

- asensor module configured to be connected to the
electrode patch, the sensor module comprising a sig-
nal acquisition module, a signal processing module,
apower management module, a sensor control mod-
ule and at least one of a memory module or a data
transmission module.

[0080] Whiletheelectrodes are incorporated inside the
electrode patch, there is no risk for the woman to mis-
place the various electrodes as their relative positioning
is already correct on the electrode patch. The use of an
electrode patch also improves the experience and the
ease of use of contraction monitoring, as it does not re-
quire attaching multiple electrodes to the abdomen, but
only requires attaching one single electrode patch. Also
this electrode patch can be just positioned on the wom-
an’s abdomen. It can then be attached by an adhesive
layer or incorporated in any piece of garment or textile.
The woman can also continue her normal activities while
wearing it and does not need to lie down as for most of
today’s contraction monitoring devices used in medical
environments. The sensor module is configured to re-
ceive all the biopotential signals through the signal ac-
quisition module, the signal processing module is respon-
sible of transforming these signals into data understand-
able by the user, all these data being transferred to a
user portable device thanks to the data transmission
module or can also be kept in memory on the device
itself. All these operations are coordinated by the sensor
control module. The sensor module therefore enables
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the user to visualize all the signals and the information
related to the uterus activity on a portable device and be
accordingly informed.

[0081] In embodiments of the invention, the electrode
patch comprises a sensor module receiving area to con-
nect the sensor module to the electrode patch.

[0082] In embodiments of the invention, the electrode
patch is disposable.

[0083] In embodiments of the invention, the electrode
patch and the sensor module are in a garment, clothing,
textile or belt.

[0084] In embodiments of the invention, the electrode
patch comprises an adhesive layer to attached to the
body of a user.

[0085] In embodiments of the invention, the electrode
patch comprises electrode wires.

[0086] In embodiments of the invention, the electrode
patch is connected to the sensor module by a magnetic
connection, and wherein the magnetic connection is con-
figured to provide an electrical contact between the sen-
sor module and the electrode patch when connected.
[0087] In embodiments of the invention, the electrode
patch is connected to the sensor module by mechanical
connection, wherein the mechanical connection is con-
figured to provide an electrical contact between the sen-
sor module and the electrode patch when connected.
[0088] In embodiments of the invention, the electrode
patch further comprises a bias electrode.

[0089] In embodiments of the invention, the bias elec-
trodeis located substantially in the middle of the electrode
patch, and wherein the measurementelectrode is located
on one side of the bias electrode and the reference elec-
trode on the opposite side than the one side with respect
to the bias electrode.

[0090] In embodiments of the invention, the electrode
patch comprises a second measurement electrode,
wherein the first and second measurement electrodes is
located on the two extremities of the electrode patch,
wherein the reference electrode is located substantially
in the middle of the electrode patch and wherein the bias
electrode is located between one of the measurement
electrodes and the reference electrode.

[0091] In embodiments of the invention, the electrode
patch comprises a back electrode which is in use posi-
tioned at the back of a pregnant woman.

[0092] In embodiments of the invention, the electrode
patch further comprises a third measurement electrode,
wherein the first and second measurement electrode and
the reference electrode are positioned substantially on a
line, wherein the third measurement electrode is posi-
tioned below the reference electrode substantially per-
pendicular to the line, and wherein the bias electrode
being located between a measurement electrode and the
reference electrode.

[0093] In embodiments of the invention, the distance
between the measurement electrode and the reference
electrode is between three and ten centimeters.

[0094] In embodiments of the invention, the signal
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processing module is configured to perform any of the
method embodiments provided.

[0095] In embodiments of the invention, the signal ac-
quisition module comprises a conditioning module.
[0096] In embodiments of the invention, the signal ac-
quisition module comprises an amplification module.
[0097] In embodiments of the invention, the signal ac-
quisition module comprises an analog filter module.
[0098] In embodiments of the invention, the signal ac-
quisition module comprises an analog-to-digital conver-
sion module.

[0099] In embodiments of the invention, the memory
module is configured to store data generated by the sig-
nal processing module.

[0100] Inembodiments of the invention, the data trans-
mission module is configured to transmit signals gener-
ated by the signal processing module to a user device.
[0101] In embodiments of the invention, the power
management module is configured to deliver power to
the contraction monitoring device.

[0102] In embodiments of the invention, the sensor
module further comprises an inertial motion sensing
module.

[0103] In embodiments of the invention, the inertial
sensing module comprises at least one of a one-axis ac-
celerometer, a two-axis accelerometer or a tri-axis ac-
celerometer.

[0104] In embodiments of the invention, the inertial
sensing module further comprises at least one of a one-
axis gyroscope, a two-axis gyroscope or a tri-axis gyro-
scope.

[0105] In embodiments of the invention, the inertial
sensing module further comprises at least one of a one-
axis magnetometer, a two-axis magnetometer or a tri-
axis magnetometer. In embodiments of the invention, the
sensor module further comprises a contact-impedance
measurement module.

[0106] In embodiments of the invention, the sensor
module further includes a user interface module.
[0107] In embodiments of the invention, the user inter-
face module comprises at least one LED. In embodi-
ments of the invention, the user interface module com-
prises at least one of a buzzer, a vibrating element, an
audio speaker, or a display.

Brief description of the drawings

[0108]

FIG. 1 is an exemplary top-level flow diagram illus-
trating an embodiment of the method for measuring
contractions based on bio-potential signals.

FIG. 2A is an exemplary diagram illustrating the po-
sition of the electrodes on the woman’s abdomen.
FIG. 2B is an exemplary representation of a uterine
contraction, uterine contraction features and uterine
contraction statistics.

FIG. 3A is an exemplary flow diagram illustrating an-
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other alternative embodiment of the method for de-
tecting uterine contractions of FIG. 1.

FIG. 3B is an exemplary flow diagram illustrating an
alternative embodiment of the method for detecting
uterine contractions of FIG. 3A.

FIG. 4 is an exemplary flow diagram illustrating yet
another alternative embodiment of the method for
detecting uterine contractions of FIG. 1.

FIG. 5A is an exemplary flow diagram illustrating yet
another alternative embodiment of the method for
monitoring uterine contractions of FIG. 1.

FIG. 5B is an exemplary flow diagram illustrating an
alternative embodiment of the method for monitoring
uterine contractions of FIG. 5A.

FIG. 6 is an exemplary flow diagram illustrating an
alternative embodiment of the method for monitoring
uterine contractions of FIG. 5A or FIG. 5B.

FIG. 7 is an exemplary flow diagram illustrating an
alternative embodiment of the method for monitoring
uterine contractions of FIG. 6.

FIG. 8 is an exemplary flow diagram illustrating yet
another alternative embodiment of the method for
monitoring uterine contractions of FIG. 1.

FIG. 9A is an exemplary flow diagram illustrating yet
another alternative embodiment of the method for
monitoring uterine contractions of FIG. 1.

FIG. 9B is an exemplary flow diagram illustrating an
alternative embodiment of the method for monitoring
uterine contractions of FIG. 9A.

FIG. 9C is an exemplary flow diagram illustrating an
alternative embodiment of the method for monitoring
uterine contractions of FIG. 9A or FIG. 9B.

FIG. 9D is an exemplary flow diagram illustrating an-
other alternative embodiment of the method for mon-
itoring uterine contractions of FIG. 9A or FIG. 9B.
FIG. 10 is an exemplary flow diagram illustrating yet
another alternative embodiment of the method for
monitoring uterine contractions of FIG. 9A or FIG.
9B.

FIG. 11 is an exemplary flow diagram illustrating yet
another alternative embodiment of the method for
monitoring uterine contractions of FIG. 1.

FIG. 12 is an exemplary flow diagram illustrating yet
another alternative embodiment of the method for
monitoring uterine contractions of FIG. 1.

FIG. 13 shows an exemplary illustration of one em-
bodiment of the device for contraction monitoring.
FIG. 14 shows an exemplary illustration of another
embodiment of the device for contraction monitoring.
FIG. 15 shows an exemplary illustration of yet an-
other embodiment of the device for contraction mon-
itoring of FIG. 13.

FIG. 16 shows an exemplary illustration of yet an-
other embodiment of the device for contraction mon-
itoring of FIG. 13.

FIG. 17 shows an exemplary illustration of yet an-
other embodiment of the device for contraction mon-
itoring of FIG. 13.
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FIG. 18 shows an exemplary illustration of yet an-
other embodiment of the device for contraction mon-
itoring of FIG. 13.

FIG. 19is anexemplary an exemplary block-diagram
of one embodiment of the sensor module of FIG.
13-18.

FIG. 20 is an exemplary an exemplary block-diagram
of an alternative embodiment of the sensor module
of FIG. 13-18.

FIG. 21 is anexemplary an exemplary block-diagram
of another alternative embodiment of the sensor
module of FIG. 13-18.

FIG. 22 is an exemplary an exemplary block-diagram
of yet another alternative embodiment of the sensor
module of FIG. 13-18.

FIG. 23 shows an exemplary illustration of yet an-
other embodiment of the device for contraction mon-
itoring of FIG. 14, wherein the contraction monitoring
device is communicating with user personal devices.

Modes for carrying out the invention

[0109] The presentinvention will be described with re-
spect to particular embodiments and with reference to
certain drawings but the invention is not limited thereto
but only by the claims. The drawings described are only
schematic and are non-limiting. In the drawings, the size
of some of the elements may be exaggerated and not
drawn on scale for illustrative purposes. The dimensions
and the relative dimensions do not necessarily corre-
spond to actual reductions to practice of the invention.
[0110] Furthermore, the terms first, second, third and
the like in the description and in the claims, are used for
distinguishing between similar elements and not neces-
sarily for describing a sequential or chronological order.
The terms are interchangeable under appropriate cir-
cumstances and the embodiments of the invention can
operate in other sequences than described or illustrated
herein.

[0111] Moreover, the terms top, bottom, over, under
and the like in the description and the claims are used
for descriptive purposes and not necessarily for describ-
ing relative positions. The terms so used are interchange-
able under appropriate circumstances and the embodi-
ments of the invention described herein can operate in
other orientations than described or illustrated herein.
[0112] Furthermore, the various embodiments, al-
though referred to as "preferred" are to be construed as
exemplary manners in which the invention may be im-
plemented rather than as limiting the scope of the inven-
tion.

[0113] The term "comprising”, used in the claims,
should not be interpreted as being restricted to the ele-
ments or steps listed thereafter; it does not exclude other
elements or steps. It needs to be interpreted as specifying
the presence of the stated features, integers, steps or
components as referred to, but does not preclude the
presence or addition of one or more other features, inte-
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gers, steps or components, or groups thereof. Thus, the
scope of the expression "a device comprising A and B"
should not be limited to devices consisting only of com-
ponents A and B, rather with respect to the present in-
vention, the only enumerated components of the device
are A and B, and further the claim should be interpreted
as including equivalents of those components.

[0114] Since current solutions for contraction monitor-
ing are only available to care professionals and for use
in a controlled care environment, are constrained in their
functionality, and are limited in their portability and accu-
racy, a method and a device for ambulatory contraction
monitoring can prove desirable for allowing pregnant
woman to monitor their contractions at any time and in
any environment, to get new insights on how other health
parameters can affect her contractions, or share this in-
formation with their partner, family, friends and health-
care practitioners during or in between visits.

[0115] At least two cutaneous electrodes including a
measurement electrode and a reference electrode, pro-
vided in a wearable system including an electrode patch
and a sensor module, and placed on the pregnant wom-
an’s abdomen, measure bio-potential (EXG) signals
which comprise electrohysterogram (EHG), uterine elec-
tromyogram (UEMG), maternal electrocardiogram
(mECG), fetus electrocardiogram (fECG), etc signals.
This method allows to extract and isolate the required
signals to improve the measurement of uterine contrac-
tions. The combination of the various signals improves
the precision of the analysis of uterine contractions and
all its implications for the mother and the fetus. Further-
more, the combination of the various signals provides
new insights in the relation between the behavior of the
mother and her contractions. The method is extremely
robust and does not require a practitioner to position,
operate or analyze the signals obtained. Furthermore,
the method is suitable for being used directly by the preg-
nant woman.

[0116] The method advantageously monitors contrac-
tion based on bio-potential (EXG) signals measured on
the abdomen of a pregnant woman. This can be
achieved, according to one embodiment disclosed here-
in, by the method 100 for monitoring uterine contractions
from EXG signals as illustrated in FIG. 1. As shown in
FIG. 1, the method 100 for monitoring uterine contrac-
tions can include:

e Measuring, at110, bio-potential (EXG) signals, com-
prising EHG signals,

* Processing, at 120, EXG signals to extract electro-
hysterogram (EHG) signals

e Processing, at 130, EHG signals to extract uterine
contraction (UC) signals

* Analyzing, at 140, UC signals to compute relevant
UC statistics

[0117] Measuring, at 110, EXG signals can be
achieved using at least two electrodes, yielding at least



17 EP 3 212 062 B1 18

one channel EXG signal. In this configuration, one elec-
trode can be referred as the measurement electrode,
whereas the second electrode can be referred as the
reference electrode. In one embodiment, measuring
EXG signals can be achieved using a third electrode,
used as a bias electrode or as aright leg drive electrode,
with the main objective to reduce the noise of the EXG
measurement. In an alternative embodiment, measuring
EXG signals can be achieved using additional elec-
trodes, allowing the measurement of multiple channel
EXG signals. The multiple electrodes can be positioned
on different locations on the abdomen, advantageously
providing multi-dimensional measurement of the uterine
electrical activity.

[0118] In a preferred embodiment, illustrated on FIG.
2A, the method 100 for contraction monitoring of FIG. 1
uses three measurement electrodes (3004, 3005, 3006),
one reference electrode 3002 and one bias electrode
3003. The reference electrode 3002 is positioned slightly
under the navel 3001. The three measurement elec-
trodes (3004, 3005, 3006) are positioned respectively to
the right, to the left and below the reference electrode
3002, as illustrated on FIG. 2A. Preferably, the distance
between the reference electrode 3002 and each meas-
urement electrode (3004, 3005, 3006) is comprised be-
tween three to ten centimeters. The bias or right leg drive
electrode 3003 can be positioned anywhere on the ab-
domen, but not too close from the other electrodes. Pref-
erably and advantageously, all electrodes can be inte-
grated into an electrode patch. The electrode patch can
significantly improve the reliability, the experience and
use of the method 100 for monitoring contraction of FIG.
1. The use of an electrode patch improves the reliability
of contraction monitoring, as it is not possible for a user
to misplace the different electrodes relatively to each oth-
er, as they are always in the same relative position. The
use of an electrode patch improves the experience and
the ease of use of contraction monitoring, as it does not
require attaching multiple electrodes to the abdomen, but
only requires attaching one single electrode patch.
[0119] Referring to again to Figure 1, processing, at
120, EXG signals to extract EHG signals can consist in
isolating from the EXG signals the part of the EXG signals
that is relevant to the electrical activity of the uterus, and
separating it out from the part of the EXG that is related
to other physiological phenomena, noise, artifacts and
any other contributions. Processing, at 120, EXG signals
to extract EHG signals can be achieved using signal
processing techniques including but not limited to time-
domain filtering, frequency-domain filtering, time-fre-
quency-domain filtering and/or blind source separation.
For example, and because physiology teaches us that
EHG signals are known to have a frequency content con-
tained within the 0.3 to 0.8 Hz bandwidth, each EHG sig-
nal can be extracted from the corresponding EXG signal
by applying a filter with a bandpass of 0.3 Hz to 0.8 Hz.
In another example, the multiple EXG channels are com-
bined and processed using independent component
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analysis or other blind source separation technique to
separate components of EXG signals with different var-
iance. The components with the most variance in the low
frequency band can then be retained as the EHG signals.
[0120] Processing, at 130, EHG signals to extract UC
signals can consist in converting the EHG signals into
UC signals. Processing, at 130, EHG signals to extract
UC signals can be achieved using signal processing
techniquesincluding but not limited to root-mean-square,
averaging, linearfilters, integration operators, energy op-
erators or entropy operators.

[0121] Advantageously, analyzing, at 140, UC signals
to compute relevant UC statistics can consist in further
analyzing the UC signals to extract relevant UC features
and calculate relevant UC statistics. The UC signal is
usually not intelligible for a person who does not have a
clinical background. Therefore, although the UC signal
can provide great information to the clinically trained ex-
pert, it can only provide very limited value to the non-
clinically qualified user, like most pregnant women. An-
alyzing, at 140, UC signals to compute relevant UC sta-
tistics advantageously analyze the UC signals to provide
a set of features that are intelligible to the common user.
Relevant UC features can include but are not limited to
onset, end, amplitude of a contraction. In one embodi-
ment, detecting the contraction on-set can be achieved
by detecting the inflexion point in the UC signal, verifying
that this inflection point correspond to an ascending
slope, and then finding the closest zero-derivative point
in the UC signal prior to the inflexion point. The zero-
derivative point can be used as an estimation of the con-
traction onset. Similarly, detecting the end of a contrac-
tion can be achieved by detecting the inflexion point in
the UC signal, verifying that this inflection point corre-
spond to a descending slope, and then finding the closest
zero-derivative point of the UC signal after the inflexion
point. The zero-derivative point can be used as an esti-
mation of the contraction end. Then the local maximum
between the contraction on-set and end can be used as
the measurement of the contraction amplitude. In another
example, the amplitude underneath the UC signal and
between the contraction on-set and end can be used as
a measurement of the contraction amplitude. In another
embodiment, a wavelet transform can be applied to the
UC signal to identify patterns in the UC signal that cor-
respond to a contraction. The onset (respectively the
end) of the contraction can then be defined as the point
at which the energy of the wavelet transform goes above
(respectively below) a certain threshold. The amplitude
of the contraction can then be computed as the total pow-
er of the wavelet transform between these two points, or
as the local maximum in the time domain between the
onset and the end of the contraction. In yet another em-
bodiment, template matching can be used to recognize
individual contraction. For example, a typical contraction
template can be built from a database of contraction re-
cordings. This database may or may not be user specific.
Then the UC signal can be cross-correlated with the con-
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traction template, and the maxima in the cross-correla-
tion function can be considered to be the contraction. On-
set, end and amplitude can then be calculated as de-
scribed above. Relevant UC statistics can include but are
not limited to frequency, duration or intensity of contrac-
tions. Frequency and duration can be directly calculated
from the onset and the end of all contractions. The inten-
sity of contractions can be calculated as the amplitude
of the contraction. FIG. 2B shows an example of UC fea-
tures and statistics extracted from a UC signal.

[0122] FIG. 3A shows another alternative embodiment
of the method 100 for monitoring uterine contractions of
FIG. 1, wherein measuring, at 110, EXG signals can in-
clude: receiving, at 111, EXG signals and acquiring, at
112, EXG signals. Acquiring, at 112, EXG signals can be
achieved using electronics for conditioning and amplify-
ing the EXG signals, and for converting the analog EXG
signals into digital EXG signals (not shown). EXG signals
may be corrupted with movement artifacts, resulting in
noise in the signal that can affect their interpretation.
Movement artifacts are especially present in the case of
ambulatory settings. Despite these artifacts, it is impor-
tantto correctly and accurately measure the EXG signals.
Preferably, the method comprises an automatic identifi-
cation of motion artifacts. In fact, the presence of artifacts
in the EHG signal may lead to misinterpretations of the
signal. Processing techniques to identify motion artifacts
are therefore required to be able to exclude excerpts of
the EXG signals that are corrupted with artifact. In a pre-
ferred and more advanced embodiment, processing
techniques to remove such artifacts can be even more
advantageous as the removal of motion artifacts from the
EXG signals can avoid the need to exclude certain signal
excerpts from the measurement. FIG. 3B shows an al-
ternative embodiment of the method 100 for monitoring
uterine contractions of FIG. 3A, wherein measuring, at
110, EXG signals can further include motion artifact fil-
tering, at 113. Motion artifact filtering, at 113, can be done
in the analog domain before amplifying the EXG signals,
and/or in the digital domain. Motion artifact filtering, at
113, advantageously detects and removes artifacts from
the EXG signals, in order to increase the quality and sig-
nal-to-noise ratio of the EXG signals. Motion artifact fil-
tering, at 113, can be achieved using a variety of signal
processing techniques, including but not limited to: band-
pass filters, linear filters, adaptive filters, wavelet filters,
or blind source separation techniques.

[0123] Alternatively and advantageously, motion arti-
fact filtering, at 113, can be achieved using an additional
motion artifact signal that is measured in parallel to the
EXG signals and mainly carries information about the
artifacts. For example the motion artifact signal can be
measured using an accelerometer attached to the elec-
trode patch. Inanother example, the motion artifact signal
can be the contact impedance measured using the same
electrodes than the ones used for measuring EXG sig-
nals. The motion artifact signal can be used as an input
to the motion artifact filter. For example, the motion arti-
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fact signal can be used as the input to an adaptive filter
representing an estimation of the noise. The adaptive
filter, at 113, can then function to remove the noise esti-
mation from the EXG signals, yielding cleaner and more
accurate signals. FIG. 3C shows an alternative embod-
iment of the method 100 for monitoring uterine contrac-
tions of FIG. 3B, wherein measuring motion artifact, at
150, is used as an input to motion artifact filtering, at 113.
[0124] FIG. 4 shows another alternative embodiment
of the method 100 for monitoring uterine contractions of
FIG. 1, wherein analyzing, at 140, UC signals to compute
relevant UC statistics can preferably include extracting,
at 141, UC features, detecting, at 142, contractions, and
calculating, at 143, UC statistics. Extracting, at 141, UC
features can comprise processing UC signals to yield a
set of features that characterize the UC signals. Example
of features may include but are not limited to time-domain
features (zero-derivative points, inflexion points, local
minima, local maxima), frequency-domain features, or
time-frequency features. Detecting contractions, at 142,
can be performed using a set of thresholds and/or con-
ditions on selected UC features. The thresholds or con-
ditions can be manually set, or can automatically adapt
based on the measured signal. For example, in the time
domain, a contraction can be detected upon the identifi-
cation of the following specific sequence: an inflexion
point with ascending slope, followed by a local maximum,
and followed by an inflexion point with a descending
slope. In anotherexample, in the time-frequency domain,
a contraction can be detected when the energy of the
wavelet transform in a predefined band corresponding
to 0.3-0.8Hz exceeds a certain threshold. Calculating, at
143, statistics can be achieved by further analyzing the
UC data for the contractions detected at 142. For exam-
ple, statistics such as average duration of contractions,
time between contraction, or average amplitude can be
calculated based on the features extracted at 141 for a
set of contractions detected at 142.

[0125] EHG  signalscarryinformation aboutthe UC sig-
nals. EHG signals are however limited in their frequency
content. Stated somewhat differently, EHG signals pro-
vide a high level view on the electrical activity of the uter-
us. Next to the EHG, there is much more information
contained in the EXG signals and that information per-
tains to the electrical activity of the uterus. Physiology
teaches us that a contraction can be seen as the result
of the common activation of thousands of uterus muscle
cells. The rate at which the uterus contractile cells fire,
the pattern at which they are firing, and the spatial distri-
bution of their firing, all contain important information re-
garding the electrical activity of the uterus, that can be
referred to as the fine information on the uterine electrical
activity. Advantageously, the fine information can provide
a greater detailed view on the contraction, and can be
used to gather additional knowledge on the contraction.
The fine information may for example be used to differ-
entiate different types of contractions, or to provide great-
er insight on whether a contraction may induce labor or
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not. The fine information on the uterine electrical activity
is not included in the EHG signals. Advantageously, this
information can be extracted, next to the EHG signal, in
a uterine electromyogram signal, or UEMG signal. FIG.
5A shows yet another alternative embodiment of the
method 100 for monitoring uterine contractions of FIG.
1, wherein the method 100 for monitoring uterine con-
traction can further include:

* Processing, at 210, EXG signals to extract uterine
electromyogram (UEMG) signals

*  Processing, at 220, UEMG signals to extract UEMG
markers

* Classifying, at 230, contraction type based on the
UEMG markers

[0126] Processing, at 210, EXG signals to extract
UEMG signals can consist in isolating from the EXG sig-
nals the part of the EXG signals that is relevant to the
uterine electromyogram, and separating it out from the
part of the EXG that is related to other physiological phe-
nomena, noise, artifacts and any other contributions.
Processing, at 210, EXG signals to extract UEMG signals
can be achieved using signal processing techniques in-
cluding but not limited to time-domain filtering, frequency-
domain filtering, time-frequency-domain filtering and/or
blind source separation. It will be noted that UEMG and
EHG signals need not be mutually exclusive. In other
words, the UEMG signals may patrtially overlap with the
EHG signals.

[0127] Processing, at 220, UEMG signals to extract
UEMG makers can consist in analyzing the UEMG sig-
nals to extract relevant UEMG features that can be con-
sidered as UEMG markers. Examples of UEMG markers
can include but are not limited to UEMG statistical fea-
tures (average, mean, percentiles, standard deviation,
kurtosis or any other statistical moments), power spec-
trum features (total power in the bandwidth, peak power,
mean power, average power, power in certain frequency
bands), entropy features, spatial propagation features
(laplacian, gradient, and higher order propagation fea-
tures), etc. The UEMG markers provide a quantification
of the fine grained detailed of the uterine electrical activ-
ity. These markers can then be used to differentiate and
classify different types of contractions.

[0128] Classifying, at 230, contraction type based on
the UEMG markers can consist in characterizing the spe-
cific type of a contraction based on the UEMG markers.
Classifying, at 230, can be done using supervised or un-
supervised classification techniques. Examples of clas-
sification techniques can include but are not limited to:
decision trees, Bayesian networks, artificial neural net-
works, support vector machine, Markov chains, hierar-
chical models, etc. In a further embodiment, classifying,
at 230, contraction can consist in recognizing a Braxton
Hicks contraction from a true labor contraction.

[0129] Toimprove the robustness of the method, FIG.
5B shows an alternative embodiment of the method 100
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for monitoring uterine contractions of FIG. 1 and FIG. 5A,
wherein the output of analyzing, at 140, UC signals is
used in Processing, at 220, UEMG signals to extract
UEMG markers. For instance, contractions detected
through the analysis of UC signals can be used to define
the excerpt of the UEMG signals on which the UEMG
markers can be extracted. Processing, at220, the UEMG
signals to extract the UEMG markers can then provide a
finer and more detailed analysis of the contraction,
wherein the finer time, frequency and time-frequency fea-
tures can be extracted to provide a complete character-
ization of the contraction. Advantageously, the finer char-
acterization can either provide new information, and/or
be used to improve the accuracy and the robustness of
classifying, at 230, contraction type.

[0130] FIG. 6 shows another alternative embodiment
of the method 100 for monitoring uterine contractions of
FIG. 5A or FIG. 5B, wherein the method 100 for monitor-
ing uterine contraction can further include detecting la-
bor, at 240. Detecting labor, at 240, can use the UC sta-
tistics determined by analyzing, at 140, UC signals and/or
the contraction type determined by classifying, at 230,
contractions to detect whether a pregnant woman has
gone into labor. Providing that an estimation of the ges-
tational age can be available, detecting labor can also
be used to detect onset of preterm labor, defined as labor
starting before 37 weeks of gestational age.

[0131] Detecting labor, at 240, can be achieved using
analytics methods that include but are not limited to de-
cision trees, conditional logic, support vector machines,
artificial neural networks, Bayesian networks, Markov
chains, hierarchical model, etc. In one example, detect-
ing labor, at 240, can be implemented according to com-
mon pregnancy practice such as the "411" rule, according
to which a pregnant woman should go to the hospital for
labor if she is having contractions at least every four min-
utes, of at least one minute duration and for at least one
hour. Preferably, the "411" rule can be combined with an
assessment of the type of contractions, to ensure that
the contractions that are detected are true labor contrac-
tion and notBraxton Hicks contractions or any other phys-
iological phenomena. FIG. 7 illustrates an exemplary em-
bodiment of detecting labor, at 240, of FIG. 6, wherein
detecting labor, at 240, can be achieved using a decision
tree based on the UC statistics and contraction type.
Turning to FIG. 7, the decision tree can take the UC sta-
tistics and the contraction type as input, to output the
status of labor, namely "labor" or "no labor". As illustrated
on FIG. 7, detecting labor, at 240, can include:

* Checking, at 241, ifthe contraction type corresponds
to true labor contractions

* Checking, at 242, if contractions are atleast X minute
long

* Checking, at 243, if contractions are separated by
at least Y minute

* Checking, at 242, if this has happened for at least Z
hour
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[0132] In one particular example, X=1,Y=4and Z =
1, implementing the "411 rule" well known to pregnancy
care experts.

[0133] During pregnancy, contractions are known to
prepare the body of the pregnant woman for labor and
delivery. Painful and frequent contractions may however
be problematic as they may lead to early delivery and
possibly to preterm birth, with dramatic consequence for
the baby. There is today very limited knowledge available
on the relationship between lifestyle behaviors of a preg-
nant woman and the number, frequency, duration and
intensity of her contractions. Stated somewhat differently
and more generally, there is limited information on the
relation between lifestyle behaviors and the contraction
profiles. An important lifestyle behavior known to have
impact on pregnancy outcomes is maternal stress. Ma-
ternal stress can be extracted from heart rate variability.
Information about heart rate variability is carried in the
EXG signals measured according to the method 100 for
contraction monitoring of FIG. 1. Therefore it is possible,
by extending the method 100 for contraction monitoring
of FIG. 1, to advantageously measure maternal stress
and correlate the maternal stress with the contraction
profile. FIG. 8 shows yet another alternative embodiment
of the method 100 for monitoring uterine contractions of
FIG. 1, wherein the method 100 for monitoring uterine
contraction can further include:

*  Processing, at 310, EXG signals to extract maternal
ECG (mECG) signals

* Processing, at 320, mECG signals to extract mater-
nal heart rate (mHR) and maternal heart rate varia-
bility (mHRV)

* Processing, at 330, mHR and mHRYV to extract ma-
ternal stress level

* Correlating, at 340, contractions with maternal stress
level

[0134] Processing, at 310, EXG signals to extract
mECG signals can consist in isolating from the EXG sig-
nals the part of the EXG signals that is relevant to the
maternal electrocardiogram, and separating it out from
the part of the EXG that is related to other physiological
phenomena, noise, artifacts and any other contributions.
Processing, at 310, EXG signals to extract mECG signals
can be achieved using signal processing techniques in-
cluding but not limited to time-domain filtering, frequency-
domain filtering, time-frequency-domain filtering and/or
blind source separation.

[0135] Processing, at 320, mECG signals to extract
mHR and mHRYV can consist in analyzing the mECG sig-
nals to extract mECG fiducial points, in particular the
mECG R-wave (also called R-peak), from which RR in-
tervals, instantaneous mHR and mHRYV can be calculat-
ed. Example of signal processing techniques to detect
the R-wave from the mECG signals can include but are
not limited to: averaging, derivative filters, linear filters,
band-pass filters, continuous wavelet, discrete wavelet,
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template matching, etc. Instantaneous mHR can be com-
puted from the distance between two successive R-
waves. mHRYV can then be computed from the variations
in heart rate. MHRYV can be calculated using time-based
or frequency-based statistical features. Preferably, the
R-waves can be detected using continuous wavelet
transform, for example using a Mexican hat or Daub-
echies wavelet. The mECG signals can then be proc-
essed with a wavelet filter, and a threshold is applied on
the output of the wavelet filter to detect possible R-wave
candidates. All R-wave candidates are then filtered and
only the one with the highest energy within a certain time
window, for example 1 second, is kept as the R-wave.
[0136] Processing, at 330, mHR and mHRYV to extract
maternal stress can be achieved by combining mHR,
mHRYV, and/or trends and deviations in mHR or mHRV
to obtain a measurement of the autonomic nervous sys-
temthatare associated to stress. In a furtherembodiment
(not shown), processing, at 330, mHR and mHRY to ex-
tract maternal stress using context information coming
from a user device, e.g. a smart phone, to improve the
accuracy and reliability of the stress estimation. Accuracy
can be improved by identifying context in which mHR and
mHRYV are most likely linked to the activation of the au-
tonomic nervous system, as opposed to an increase in
physical activity for instance. Context can be obtained
from user activity and/or user daily routines. Daily rou-
tines can be estimated from the user low-level activity
and/or location.

[0137] Correlating, at 340, contractions with maternal
stress level can be achieved by looking at correlation
between the maternal stress level on one end, and UC
statistics and/or contraction type on the other end. Cor-
relating, at 340, contractions with maternal stress level
can advantageously provide new insights on how mater-
nal stress level may affect contractions. For example, a
woman may be able to discover that she has more con-
tractions when her stress level is higher.

[0138] FIG. 9A shows yet another alternative embod-
iment of the method 100 for monitoring uterine contrac-
tions of FIG. 1, wherein the method 100 for monitoring
uterine contraction can further include:

* Processing, at410, EXG signals to extract fetal ECG
(FECG) signals

* Processing, at 420, fECG signals to extract fetal
heart rate (fHR) and fetal heart rate variability (fHRV)

[0139] Processing, at 410, EXG signals to extract
fECG signals can consist in isolating from the EXG sig-
nals the part of the EXG signals that is relevant to the
fetal electrocardiogram, and separating it out from the
part of the EXG that is related to other physiological phe-
nomena, noise, artifacts and any other contributions.
Processing, at 410, EXG signals to extract fECG signals
can be achieved using signal processing techniques in-
cluding but not limited to template matching, averaging,
time-domain filtering, frequency-domain filtering, time-
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frequency-domain filtering and/or blind source separa-
tion.

[0140] Processing, at420, fECG signals to extract fHR
and fHRV can consist in analyzing the fECG signals to
extract fECG fiducial points, in particular the fECG R-
wave (also called R-peak), from which RR intervals, in-
stantaneous fHR and fHRYV can be calculated. Example
of signal processing techniques to detect the R-wave
from the fECG signals can include but are not limited to:
averaging, derivative filters, linear filters, band-pass fil-
ters, continuous wavelet, discrete wavelet, template
matching, etc. Instantaneous fHR can be computed from
the distance between two successive R-waves. fHRV
can then be computed from the variations in heart rate.
fHRYV can be calculated using time-based or frequency-
based statistical features.

[0141] FIG. 9B shows an alternative embodiment of
the method 100 for monitoring uterine contractions of
FIG. 9A, wherein processing, at 410, EXG signals to ex-
tract fetal ECG (fECG) signals can take the mECG signal
as input. The mECG signals can be used in processing
the EXG signals to filter the mECG signals from the fECG
signals, therefore improving the signal-to-noise ratio on
the fECG signals. Preferably, processing, at 410, EXG
signals to extract fECG signals can include adaptive fil-
tering, wherein the EXG signals and the mECG signals
can be used as an input to the adaptive filter. The mECG
signals can be used as the input to an adaptive filter rep-
resenting an estimation of the noise on the fECG signals.
The adaptive filter can then function to remove the noise
estimation from the EXG signals, or in other words to
remove the mECG from the EXG signals, yielding a
cleaner version of the EXG signals with a reduced con-
tribution of the mECG signals. The cleaner EXG signals
can then be further processed using the method of FIG.
9A.

[0142] FIG. 9C shows an alternative embodiment of
the method 100 for monitoring uterine contractions of
FIG. 9A or FIG. 9B, wherein the method 100 for monitor-
ing uterine contraction can further include processing, at
430, fECG to extract position of the fetus. Processing, at
430, fECG to extract position of the fetus can be done
advantageously by exploiting the fact that the morphol-
ogy of the fECG is affected by the relative position of the
fetus from the measurement electrodes.

[0143] FIG. 9D shows an alternative embodiment of
the method 100 for monitoring uterine contractions of
FIG. 9A or FIG. 9B, wherein the method 100 for monitor-
ing uterine contraction can further include processing, at
440, fECG to extract movement of the fetus. Processing,
at 440, fECG to extract position of the fetus can be done
advantageously by exploiting the fact that the morphol-
ogy of the fECG is affected by the relative movement of
the fetus from the measurement electrodes.

[0144] FIG. 10 shows yet another alternative embodi-
ment of the method 100 for monitoring uterine contrac-
tions of FIG. 9A or FIG. 9B, wherein the method 100 for
monitoring uterine contraction can further include corre-
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lating, at 450, contractions with the fHR or fHRV. Corre-
lating, at 450, here can correspond to visualizing the UC
signals and the fHR signals on two synchronized graphs
positioned on top of each other. The fHR changes during
a contraction can provide insights on the fetus response
to the contractions and therefore can carry important in-
formation regarding the health status of the fetus.
[0145] Advantageously, the method 100 for monitoring
uterine contraction of FIG. 10 can simultaneously extract,
from the only measurement of EXG signals, contractions
and fHR, thus providing all the information necessary to
perform the clinical standard non-stress test with an ex-
treme simplicity of use that can be performed in any lo-
cations including the home. Preferably, this information
can then be shared remotely with a clinical trained staff,
who can interpret the data.

[0146] FIG. 11 shows yet another alternative embodi-
ment of the method 100 for monitoring uterine contrac-
tions of FIG. 1, wherein the method 100 for monitoring
uterine contraction can further include:

*  Measuring, at 510, maternal activity
* Correlating, at 520, contractions with maternal ac-
tivity

[0147] Measuring, at 510, maternal activity can be
achieved using an activity sensor embedded in a smart-
phone, using a dedicated activity tracker or using an ac-
tivity sensor embedded in the contraction monitor. Activ-
ity measures can include but are not limited to: steps,
activity time, activity types, time spent in different activity
types, energy expenditure, calorie burned, sleep dura-
tion, sleep quality. The activity sensor can track maternal
activity over time, for specific recording sessions, or con-
tinuously and 24/7. Correlating, at 520, contractions with
maternal activity can be achieved by looking at correla-
tion between maternal activity levels on one end, and UC
statistics and/or contraction type on the other end. Cor-
relating, at 520, contractions with maternal activity can
advantageously provide new insights on how maternal
activity may affect contractions. For example, a woman
may be able to discover that she has more contractions
when she is more active.

[0148] FIG. 12 shows yet another alternative embodi-
ment of the method 100 for monitoring uterine contrac-
tions of FIG. 1, wherein the method 100 for monitoring
uterine contraction can further include:

e Measuring, at 610, fetal activity
e Correlating, at 620, contractions with fetal activity

[0149] Measuring, at610, fetal activity can be achieved
using the method of FIG. 9D. Alternatively or additionally,
fetal activity can be measured, at 610, using an acceler-
ometer positioned on a woman’s abdomen. Advanta-
geously, fetal activity can be measured, at 610, using a
combination of the method of FIG. 9D and accelerome-
ters. This is advantageous because the method of FIG.
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9D may be more accurate in detecting overall movement
of the fetus, whereas accelerometer-based fetal activity
measurement may be more accurate for localized fetus
movement such as kicks. Combining both methods
therefore can allow detecting both overall and local fetal
movements. Fetal activity can be measured, at 610, dur-
ing specific recording sessions, or continuously and 24/7.
[0150] Correlating, at 620, contractions with fetal ac-
tivity can be achieved by looking at correlation between
fetal activity levels on one end, and UC statistics and/or
contraction type on the other end. Correlating, at 620,
contractions with maternal activity can advantageously
provide new insights on how fetal activity is related to
contractions. For example, a woman may be able to dis-
cover that her baby is less active when she has contrac-
tions.

[0151] In yet another alternative embodiment (not
shown) of the method 100 for monitoring uterine contrac-
tions of FIG. 5A, FIG. 5B, FIG. 6, FIG. 8, FIG. 9A, FIG.
9B, FIG.9C,FIG.9D,FIG. 10,FIG.110rFIG. 12, wherein
the method 100 for monitoring uterine contraction can
further include providing user feedback. Providing user
feedback can provide recommendations or suggestions
to the pregnant woman based on the UC statistics deter-
mined by analyzing, at 140, UC signals and/or the con-
traction type determined by classifying, at 230, contrac-
tions. User feedback can be provided to help woman re-
duce the pain associated to contractions, or to attempt
to reduce the number or the frequency of contractions.
User feedback can for example include recommenda-
tions for a better body position, for specific food, for spe-
cific activities (e.g. take a warm bath), etc. In a further
embodiment, providing user feedback can provide rec-
ommendations or suggestions to the pregnant woman
based on the correlation between contractions and ma-
ternal stress level, computed at 340. For example, if an
elevated number of contractions and an elevated stress
level are detected simultaneously, feedback can be pro-
vided to the woman to watch her stress level and to try
to relax. The feedback can also include tips to help the
user relax, or exercises that the user may be able to do
to decrease her stress level. In a further embodiment,
providing user feedback can provide recommendations
or suggestions to the pregnant woman based on the cor-
relation between contractions and maternal activity, com-
puted at 520. For example, if an elevated number of con-
tractions and an elevated activity level are detected si-
multaneously, feedback can be provided to the woman
to reduce her activity and stay quiet for a few days. The
user feedback can take the form of a message displayed
in an App for smartphone, tablets, smart watch, or smart
glasses, or a text message sent to the mother. Alterna-
tively or additionally, the feedback can take the format of
a message, graph, picture, figure, or any multimedia
messages transmitted to the partner, family or friends of
the pregnant women. Alternatively or additionally, the us-
er feedback can take the form of a report with graphs,
tables or text, sentto an OBGYN or a clinical trained staff
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for further interpretation.

[0152] According to the method 100 for monitoring
uterine contractions of FIG. 5A, FIG. 5B, FIG. 6, FIG. 8,
FIG. 9A, FIG. 9B, FIG. 9C, FIG. 9D, FIG. 10, FIG. 11 or
FIG. 12, the data collected can include at least one of
UC statistics, contraction type, mHR, mHRYV, maternal
stress, fHR, hHRV or maternal activity. In yet another
alternative embodiment, the data collected using the
method 100 for monitoring uterine contractions can be
used to stratify pregnant woman in different patient cat-
egories, based on their lifestyle and/or physiological pro-
files. In a further embodiment, the data collected using
the method 100 for monitoring uterine contractions can
be used identify possible risk factors for pregnancy com-
plications or negative outcomes. Pregnancy complica-
tions may include hypertension, gestational hyperten-
sion, gestational diabetes, preeclampsia, etc. Negative
pregnancy outcomes may include preterm birth, low birth
weight, stillbirth, etc.

[0153] The method 100 for uterine contraction moni-
toring can be achieved, according to one embodiment
disclosed herein, by the device 2000 for contraction mon-
itoring illustrated in FIG. 13.

[0154] Turningto FIG. 13, the device 2000 for contrac-
tion monitoring comprises an electrode patch 2100 and
a sensor module 2200, advantageously combined to
monitor at least one channel of uterine contraction sig-
nals. The electrode patch 2100 and the sensor module
2200 may be in one part or may be made of two separate
parts. The two separate parts can be provided with a
mechanical and electrical system for attaching one to the
other, such as a clipping system, a magnet. Other em-
bodiments are described in the description.

[0155] FIG. 14 illustrates another embodiment of the
device 2000 for contraction monitoring. By comparing
FIG. 13 and FIG. 14, one will easily understand that the
electrode patch 2100 or the sensor module 2200 can
take many different form factors.

[0156] Stated somewhat differently, the device 2000
for contraction monitoring can take many different shape,
size, color, material and level of conformability to the
body. The device 2000 may or may not take the form of
a plaster. For example, the device 2000 may be integrat-
ed in a piece of garment. Or the device 2000 may take
the form of a piece of clothing or textile. Or the device
2000 may take the form of a belt that is worn around the
abdomen. For the last three examples, the electrode
patch 2100 may be an integral part of the piece of gar-
ment, clothing or belt, or may be attached to such piece
of garment, clothing or belt.

[0157] FIG. 15 shows an exemplary embodiment of
the contraction monitoring device 2000, wherein the elec-
trode patch 2100 and the sensor module 2200 can be
integrated and encapsulated into one unique part solely
making the device 2000. Preferably, the contraction mon-
itoring device 2000 of FIG. 15 can have at least three
electrodes, including one measurement electrode locat-
ed on one extremity of the device, one reference elec-
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trode located on the other extremity of the device, and
one bias electrode in the middle. Such configuration en-
ables the measurement of one channel EXG signal,
along the horizontal direction. More preferably, the de-
vice 2000 of FIG. 15 can have 4 electrodes, two meas-
urement electrodes located on the two extremities, one
reference electrode located in the middle of the device,
and one bias electrode located between a measurement
electrode and the reference electrode. Advantageously,
a variant of the device 2000 of FIG. 15 (not shown) can
have 5 electrodes, two measurement electrodes located
on the two extremities of the device, one reference elec-
trode located in the middle of the device 2000, one ad-
ditional measurement electrode located below the refer-
ence electrode, at 90 degrees from the line between the
first three electrodes, and one bias electrode located be-
tween a measurement electrode and the reference elec-
trode. Such configuration enables the measurement of
two channels EXG signals, one along the horizontal di-
rection and one along the vertical direction. In a further
exemplary embodiment, the device 2000 can be attached
to the body using an adhesive layer. In another embod-
iment, the adhesive layer can be replaced by the user.
In another exemplary embodiment, the device 2000 can
be attached to the body using a strap or a piece of textile
that can maintain the device 2000 in contact with the
body.

[0158] FIG. 16 shows another exemplary embodiment
of the contraction monitoring device 2000, wherein the
electrode patch 2100 and the sensor module 2200 can
be two separate parts of the device. The sensor module
2200 can be attached to the electrode patch 2100 before
being used to monitor contraction. Preferably, the con-
traction monitoring device 2000 of FIG. 16 can have at
least three electrodes, including one measurement elec-
trode located on one extremity of the device 2000, one
reference electrode located on the other extremity of the
device 2000, and one bias electrode in the middle. Such
configuration enables the measurement of one channel
EXG signal, along the horizontal direction. More prefer-
ably, the device 2000 of FIG. 16 can have 4 electrodes,
two measurement electrodes located on the two extrem-
ities, one reference electrode located in the middle of the
device 2000, and one bias electrode located between a
measurement electrode and the reference electrode.
The electrode patch 2100 can be re-usable and washa-
ble. Alternatively, the electrode patch 2100 can be dis-
posable, that is the user can change the electrode patch
2100 after each use of the contraction monitoring device
2000.

[0159] FIG. 17 shows an exemplary embodiment of
the contraction monitoring device 2000, wherein the elec-
trode patch 2100 and the sensor module 2200 can be
integrated in a textile or clothing accessory. Examples of
clothing accessory can include but are not limited to a
shirt, T-shirt, belly-band, a pregnancy support belt or a
belt. Preferably, the contraction monitoring device 2000
of FIG. 16 can have at least three electrodes arranged
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next to each other so that one measurement electrode
is located on the right (respectively left) side of the ab-
domen, one reference electrode is located on the left
(respectively right) side of the abdomen, and one bias
electrode in the middle. More preferably, the device of
FIG. 15 can have a fourth electrode positioned at 90 de-
grees from the linear arrangement, in the center of the
abdomen. This 4t electrode can provide a measurement
of the EXG signals in the vertical direction. More prefer-
ably, the device 2000 of FIG. 15 can have afifth electrode
positioned at the back of the woman, and providing a
signal free of uterine activity but carrying physiological
and recording artifacts, that can be used in processing
the EXG signals to obtain cleaner and more accurate
EHG, mECG and fECG signals.

[0160] FIG. 18 shows an exemplary embodiment of
the contraction monitoring device 2000, wherein the elec-
trode patch 2100 and the sensor module 2200 can be
integrated in an accessory of every-day life that can be
positioned on a woman’s abdomen. For instance, the
electrode patch 2100 and the sensor module 2200 can
be integrated in a pillow or in a cover.

[0161] As it can be seen from FIG. 13, FIG. 14, FIG.
15, FIG. 16, FIG. 17 or FIG. 18, the device 2000 for con-
traction monitoring is integrated in a small and easy to
use form factor that does not require to be operated by
clinical staff. Stated somewhat differently, the device
2000 for contraction monitoring is advantageously imple-
mented in such a way that a pregnantwoman can operate
iton her own. The small size and extreme miniaturization
can be achieved thanks low-power electronics system
design, thatis a combination of low-power circuit design,
low-power architecture design and firmware optimiza-
tion. Low-power system design allows minimizing the
size of the battery and therefore can achieve very small
size for the overall system. The ease of use can come
from a combination of smart electronics and high level
of integration. With smart electronics, the device 2000
can automatically turn on when it is positioned on the
body, or the device 2000 can automatically detect con-
tractions and trigger feedback accordingly, or the system
can automatically detect a specific situation - for example
the fact that the woman is moving - and adapt its signal
processing accordingly. With high level of integration, the
electrode patch 2100 can integrate all wires to the elec-
trode, and provide a very simple way for the user to con-
nect the sensor 2200 to the electrode patch. Connecting
the electrode patch 2100 to the sensor 2200 can be done
through magnetic interface, through a snap on mecha-
nism, through a slide on mechanism, through a screw on
mechanism, or any other mechanisms that provide a
good mechanical and electrical contact between the sen-
sor module 2200 and the electrode patch 2100.

[0162] The use of an electrode patch 2100 improves
the reliability of contraction monitoring as it is not possible
for a user to misplace the different electrodes relatively
to each other, as they are always in the same relative
position. The use of an electrode patch 2100 improves
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the experience and the ease of use of contraction mon-
itoring as it does not require attaching multiple electrodes
to the abdomen, but only requires to attach one single
electrode patch.

[0163] The device 2000 can be designed such that it
is clear for the pregnant woman how to wear the device,
and where to place it. The device 2000 can be designed
such thatitis very easy to put on. Preferably, the pregnant
woman simply has to take the sensor module 2200, at-
tach it to the electrode patch 2100, and wear it.

[0164] The electrode patch 2100 comprises at least
two electrodes, referred to as the measurementelectrode
and the reference electrode, and allowing the measure-
ment of one channel bio-potential (EXG) signal. In an
alternative embodiment of the device, the electrode patch
2100 can include a third electrode, which can be used
for biasing the signal acquisition electronics to the body
voltage, or for applying a common mode voltage to the
body in order to reduce the measurement noise, a meas-
urement principle also known as rightleg drive. Inanother
alternative embodiment of the device 2000, the electrode
patch 2100 can include additional measurement elec-
trodes, allowing the measurement of multiple channels
of EXG signals, leading to multiple channels of uterine
contraction signals. The multiple measurement elec-
trodes can be positioned on different locations on the
abdomen, advantageously providing multi-dimensional
measurement of the uterine electrical activity. The elec-
trodes may or may not include conductive gel. Conduc-
tive gel may be used to improve the quality of the contact
between the body and the electrodes. The electrode
patch 2100 may or may not be adhesive.

[0165] In a preferred embodiment, and according to
the method 100 for contraction monitoring of FIG. 1 and
FIG. 2A, the electrode patch 2100 integrates three meas-
urement electrodes, one reference electrode and one bi-
as electrode. Turning to FIG. 2A, the reference electrode
3002 is positioned slightly under the navel 3001. The
three measurement electrodes (3004, 3005, 3006) are
positioned respectively to the right, to the left and below
the reference electrode 3002. The distance between the
reference electrode 3002 and each measurement elec-
trode (3004, 3005, 3006) is between three to ten centim-
eters. The bias or right leg drive electrode 3003 can be
positioned anywhere on the abdomen, but not too close
from the other electrodes. Preferably and advantageous-
ly, all electrodes can be integrated into an electrode patch
2100. The electrode patch 2100 can significantlyimprove
the reliability, the experience and use of the method for
monitoring contraction of FIG. 1.

[0166] The sensor module 2200 can contain the elec-
tronic circuitry required to measure EXG signals and ex-
tract uterine contraction signals according to the method
100 for uterine contraction monitoring of FIG. 1.

[0167] FIG. 19 shows an exemplary block diagram of
one embodiment of the sensor module 2200 of FIG.
13-18. Turning to FIG. 19, the sensor module 2200 in-
cludes:
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* An EXG signal acquisition module 1100,

* A signal processing module 1200,

e At least one of a memory module 1300 or a data
transmission module 1400,

* A power management module 1500, and

* A sensor control module 1600.

[0168] The EXG signal acquisition module 1100 ac-
quires the at least one channel EXG signals measured
with the electrode patch 2100. In another embodiment
(not shown) of the sensor module 2200 of FIG. 19, the
EXG signal acquisition module 1100 may further include:
a conditioning module, an amplification module, an an-
alog filter module and an analog-to-digital conversion
module. Preferably, the conditioning module conditions
the EXG signals before amplification. For instance, the
conditioning system consists in removing the DC com-
ponent from the EXG signals, or in filtering the EXG sig-
nals. In another, more advanced example, the condition-
ing module includes an analog artifact filter that filters out
artifacts such as motion artifacts. Advantageously, the
amplification module amplifies the EXG signals to a level
that is compatible with the remaining of the sensor mod-
ule electronics. More advantageously, the analog filter
module further filters the amplified EXG signals, for in-
stance to avoid aliasing during the analog-to-digital con-
version. The analog-to-digital conversion module can
convert the analog EXG signals to digital EXG signals.
In another alternative embodiment, the EXG signal ac-
quisition module 1100 can further include a digital motion
artifact filter. The digital motion artifact filter system can
further filter the digital EXG signals to specifically remove
artifacts and improve the quality of the EXG signals.
[0169] More preferably, the signal processing module
1200 can process the EXG signals to extract the UC sig-
nals according to the method 100 for contraction moni-
toring of FIG. 1. In an alternative embodiment, the signal
processing module 1200 is configured to process the
EXG signals to extract the UC signals, at 120, and com-
pute the UC statistics, at 140, according to the method
100 for contraction monitoring of FIG. 2. In another alter-
native embodiment, the signal processing module 1200
can process the EXG signals to extract the UC signals,
and at least one of the UEMG signals, the mECG signals,
the mHR, the mHRYV, the fECG signals, the fHR or the
fHRV. In another alternative embodiment, the signal
processing module 1200 can include dedicated process-
ing blocks to remove artifacts from the EXG signals after
the EXG signals are acquired by the EXG signal acqui-
sition module and before any further processing. The sig-
nal processing module 1200 can be implemented in a
digital signal processor (DSP), in a micro-controller unit
(MCU), in a field programmable gate array (FPGA), in a
application specific integrate circuit (ASIC), in application
specific processor (ASP), etc.

[0170] Preferably, the memory module 1300 stores the
data corresponding to at least one of the signals gener-
ated by the signal processing module 1200. The data
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can be stored on a volatile or non-volatile support. For
example, the data can be stored on FLASH memory.
[0171] Advantageously, the data transmission module
1400 transmits at least one of the signals generated by
the signal processing module 1200 to a user personal
device. The user personal device can be a smartphone,
a tablet, a smart-watch, smart-glasses, a personal com-
puter and/or any multimedia device that is equipped with
wired, wireless or optical communication. Wired commu-
nication can be achieved using USB, Ethernet, HDMI,
FireWire, Thunderbolt, RS232 or any other wired com-
munication protocol. Wireless communication can be
achieved using Bluetooth, Bluetooth low-energy, WiFi,
Zigbee, NFC or any other wireless communication pro-
tocol.

[0172] The power management module 1500 can de-
liver power to the different modules of the contraction
monitoring device 2000. In an alternative embodiment,
the power management module 1500 can include power
management circuitry, a battery and on/off circuitry. The
power management circuitry can convert the battery volt-
age to the right level of input voltage for the different
modules of the device. The power management module
1500 can deliver an input voltage that is specific and may
be different for every module. The battery can be re-
chargeable or alkaline, and can be of different chemistry
and shape. In the case of a rechargeable battery, the
power management circuitry can also include charging
circuitry. The on/off circuitry can be a switch that allows
the user to switch the device on and off. In another alter-
native embodiment, the on/off circuitry can advanta-
geously include electronic circuitry to detect when the
electrode patch 2100 is connected to the sensor module
2200. The device 2000 can then automatically start upon
detection of a connection between the sensor module
2200 and the electrode patch 2100, and/or stop when
the sensor module 2200 is detached from the electrode
patch 2100, thus greatly improving the user experience.
In yet another alternative embodiment, the on/off circuitry
can advantageously include electronic circuitry to detect
when the contraction monitoring device 2000 is attached
to the body. The device 2000 can then automatically start
upon attachment of the contraction monitoring device
2000 on the body, and/or stop upon removal of the con-
traction monitoring device 2000 from the body, thus
greatly improving the user experience.

[0173] The sensor control module 1600 controls the
operation of the sensor module 2200 and ensures that
the EXG signal acquisition module 1100, the signal
processing module 1200, the memory module 1300 and
the data transmission module 1400 can work together in
an efficient implementation of the sensor module 2200.
Preferably, the sensor control module 1600 can be im-
plemented in a micro-controller unit.

[0174] FIG. 20 shows an alternative embodiment of
the sensor module 2200 of FIG. 19, wherein the sensor
module 2200 can further include an inertial motion sens-
ing module 1700. The inertial motion sensing module
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1700 can include at least a one-axis accelerometer, a
two-axis accelerometer or a tri-axis accelerometer. The
inertial motion sensing module 1700 can also include a
one, two or tri-axis gyroscope, and/or a one, two or tri-
axis magnetometer. The inertial motion sensing module
1700 can be used to monitor the overall movement of
the pregnant woman or the movements of the abdomen
induced by fetus movement and kicks. Alternatively or
additionally, the inertial motion sensing module 1700 can
be used to measure the local movement of the sensor
module. In a further embodiment, the data coming from
the inertial motion sensing module 1700 can be used by
the signal processing module 1200 to filter artifacts from
the EXG signals.

[0175] FIG. 21 shows an alternative embodiment of
the sensor module 2200 of FIG. 19 or FIG. 20, wherein
the sensor module 2200 can further include a contact-
impedance measurement module 1800. The contact-im-
pedance measurement module 1800 can be used to con-
tinuously or intermittently measure the impedance of the
contact of each electrode with the body. Accordingly and
advantageously, the contact impedance can be used to
provide an estimation of the quality of the contact, or to
provide an estimation of motion artifacts. In a further em-
bodiment, the contact impedance signals can be used
by the signal processing module 1200 to filter artifacts
from the EXG signals.

[0176] FIG. 22 shows an alternative embodiment of
the sensor module 2200 of FIG. 19, FIG. 20 or FIG. 21,
wherein the sensor module 2200 can further include a
user interface module 1900. The user interface module
1900 can be one or any combination of: a Light Emitting
Diode (LED), asetof LEDs, abuzzer, avibrating element,
an audio speaker or a display. In the case of a set of
LEDs, the individual LED can be arranged in a shape
that is represent a specific shape such as a circle, a rec-
tangle, a triangle or any other geometric shape. The LED
color and/or activation pattern can be designed in order
to communicate different message to the user. For ex-
ample, the LED can be used to communicate start of the
system, stop of the system, battery charge level, the de-
tection of a contraction, the intensity of the contraction,
the frequency of contraction, the duration between two
contractions, etc. The LED can be controlled by the sen-
sor control module 1600.

[0177] FIG. 23 shows an alternative embodiment of
the contraction monitoring device 2000 of FIG. 13-18,
wherein the contraction monitoring device 2000 is used
in combination with at least one user personal device
2001. The user personal device 2001 can be a smart-
phone, a tablet, a smart-watch, smart-glasses, a person-
al computer and/or any multimedia or digital device. In a
further embodiment, the data monitored and transmitted
by the contraction monitoring device 2000 to the user
personal device 2001 can be displayed and/or stored on
the user personal device 2001. In yet a further embodi-
ment, the data monitored and transmitted by the contrac-
tion monitoring device 2000 can be further transmitted,



35 EP 3 212 062 B1 36

via the user personal device 2001, to a cloud-based serv-
er or database 2002.

[0178] In another alternative embodiment of the con-
traction monitoring device 2000 of FIG. 13-18, the data
from the contraction monitoring device 2000 can be com-
bined with the data measured from a health or wellness
monitoring device. For example, the data from the con-
traction monitoring device 2000 can be combined with
data from a weight scale, an activity tracker, a heart rate
chest-strap, a wrist-based pulse-rate monitor, a basal
temperature sensor, or from any other ambulatory, wear-
able or portable monitoring system.

[0179] Inyetanother alternative embodiment, the con-
traction monitoring device 2000 of FIG. 13-18 can be
used to monitor at least one UC signal and/or UC statis-
tics, and visualize the at least one UC signal and/or UC
statistics on the display of the user personal device 2001.
To achieve this task, the EXG signal acquisition module
1100 can acquire atleast one EXG signals, and the signal
processing module 1200 can process and analyze the
EXG signals according to the method 100 of FIG. 1, FIG.
2, FIG. 3A, FIG. 3B or FIG. 4. For example, turning to
FIG. 1, the EXG signals can be processed to extract EHG
signals, at 120, the EHG signals can be further processed
to extract UC signals, at 130, and UC signals can be
analyzed to compute relevant UC statistics, at 140 The
data transmission module 1400 can then transmit the at
least one UC signal to the user personal device 2001 for
visualization.

[0180] Inyetanother alternative embodiment, the con-
traction monitoring device 2000 of FIG. 13-18 can be
used to classify contraction, wherein the signal process-
ing module 1200 of FIG. 15 can process and analyze the
EXG signals according to the method 100 of FIG. 5A or
FIG. 5B. Turning to FIG. 5A or FIG. 5B, the EXG signals
can be processed to extract UEMG signals, at 210, the
UEMG signals can be further processed to extract UEMG
markers, at 220, and the UEMG markers can be used to
classify contraction types, at 230. In a further embodi-
ment, the information about the contraction classification
can be displayed to the user through the user interface
module 1900 or on her user personal device 2001. In a
further embodiment, the contraction monitoring device
2000 of FIG. 13-18 can be used to distinguish between
Braxton Hicks and true labor contractions.

[0181] Inyetanother alternative embodiment, the con-
traction monitoring device 2000 of FIG. 13-18 can be
used to detect labor, wherein the signal processing mod-
ule 1200 of FIG. 15 can further analyze the UC signals
and/or the contraction type to detect labor, at 240, ac-
cording to the method 100 of FIG. 6.

[0182] Inyetanother alternative embodiment, the con-
traction monitoring device 2000 of FIG. 13-18 can be
used to monitor maternal stress level, wherein the signal
processing module 1200 of FIG. 15 can process and an-
alyze the EXG signals according to the method 100 of
FIG. 8. Turning to FIG. 8, the EXG signals can be proc-
essedtoextractmECGsignals, at 310, the mECG signals
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can be further processed to extract mHR and mHRYV, at
320, and mHR and mHRYV can be further processed to
extract maternal stress level, at 330. In a further embod-
iment, the UC signals and/or UC statistics can be corre-
lated with the maternal stress, at 340, and according to
the method 100 for contraction monitoring of FIG. 8. The
correlation between contractions and stress level can be
visualized in one graph that overlays the UC statistics
and the stress level over time. For example, the number
of contraction per hour can be visualized together with
the average stress level per hour. In another embodi-
ment, the correlation between contractions and stress
level can be summarized in a correlation score that sum-
marizes in one number to what extent stress correlates
with contractions for a certain user of the system. Thus,
the contraction monitoring device 2000 of FIG. 13-18 can
advantageously be used to correlate UC signals and/or
statistics with maternal stress level, providing new insight
on the relationship that may exist between maternal
stress and contractions.

[0183] Inyetanotheralternative embodiment, the con-
traction monitoring device 2000 of FIG. 13-18 can be
used to monitor UC signals and at least one of fECG,
fHR or fHRV, wherein the signal processing module 1200
of FIG. 15 can process and analyze the EXG signals
according to the method of FIG. 9A or FIG. 9B. Turning
to FIG. 9A or FIG. 9B, the EXG signals can be processed
to extract fECG signals, at 410, and the fECG signals
can be further processed to extract fHR and fHRV, at
420. In a further embodiment, the contraction monitoring
device 2000 of FIG. 13 can be used to monitor the position
of the fetus, according to the method 100 of Fig. 9C. In
a further embodiment, the contraction monitoring device
of FIG. 13-18 can be used to monitor the movement of
the fetus, according to the method 100 of Fig. 9D.
[0184] Inyetanotheralternative embodiment, the con-
traction monitoring device 2000 of FIG. 13-18 can be
used to jointly visualize the UC signals and the fHR. The
signal processing module 1200 can simultaneously ex-
tract the UC signals and the fHR, and can correlate UC
signals with fHR according to the method 100 of FIG. 10.
The fHR and the UC signals can be transmitted to the
user personal device 2001 where they can be displayed
on top of each other, alike the way signals are displayed
on a cardiotocogram in hospital environment. Stated
somehow differently, the contraction monitoring device
2000 of FIG. 18 advantageously provides similar infor-
mation to a cardiotocogram with greatly improved user
experience since the contraction monitoring device can
be made much smaller and much more comfortable to
use than traditional strapped cardiotocogram probes.
[0185] Inyetanotheralternative embodiment, the con-
traction monitoring device 2000 of FIG. 13-18 can be
used to monitor maternal activity, according to the meth-
od 100 for monitoring uterine contractions of FIG. 11. In
one embodiment, the maternal activity can be measured
with the inertial sensing module 1800 of FIG. 21. In an-
other embodiment, the maternal activity can be meas-
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ured using an activity sensor integrated in the user per-
sonal device 2001, e.g. a smartphone. In yet another
embodiment, the maternal activity can be measured us-
ing a separate activity tracker that can connect to the
user personal device 2001. In yet another embodiment,
the UC signals and/or UC statistics can be correlated
with the maternal activity, using correlating contractions
with maternal activity, at 520, according to the method
100 for contraction monitoring of FIG. 11. The correlation
between contractions and maternal activity can be visu-
alized in one graph that overlays the UC statistics and
the maternal activity over time. For example, the number
of contraction per hour can be visualized together with
the cumulated and/or average activity per hour. In anoth-
erembodiment, the correlation between contractions and
maternal activity can be summarized in a correlation
score that summarizes in one number to what extent ma-
ternal activity correlates with contractions for a certain
user of the system. Thus, the contraction monitoring de-
vice 2000 of FIG. 13-18 can advantageously be used to
correlate UC signals and/or statistics with maternal ac-
tivity, providing new insight on the relationship that may
exist between maternal activity and contractions.
[0186] Inyetanother alternative embodiment, the con-
traction monitoring device 2000 of FIG. 13-18 can be
used to monitor fetal activity, according to the method
100 for monitoring uterine contractions of FIG. 12. In one
embodiment, the fetal activity can be extracted from the
fECG, using processing fECG to extract movement of
the fetus, at 430, according to the method 100 for mon-
itoring contractions of Fig. 9D. In another embodiment,
the fetal activity can be measured with the inertial sensing
module 1800 of FIG. 21. In yet another embodiment, the
UC signals and/or UC statistics can be correlated with
the fetal activity, using correlating contractions with fetal
activity, at 620, according to the method 100 for contrac-
tion monitoring of FIG. 12. The correlation between con-
tractions and fetal activity can be visualized in one graph
that overlays the UC statistics and the fetal activity over
time. For example, the number of contraction per hour
can be visualized together with the cumulated and/or av-
erage fetal activity per hour. In another embodiment, the
correlation between contractions and fetal activity can be
summarized in a correlation score that summarizes in
one number to what extent fetal activity correlates with
contractions. Thus, the contraction monitoring device
2000 of FIG. 13-18 can advantageously be used to cor-
relate UC signals and/or statistics with fetal activity, pro-
viding new insight on the relationship that may exist be-
tween fetal activity and contractions.

[0187] Inyetanother alternative embodiment, the con-
traction monitoring device 2000 of FIG. 13-18 can provide
feedback to the user, according to the method 100 for
monitoring contractions of FIG. 13-18. Feedback can in-
clude further information on the data recorded with the
contraction monitoring device. Alternatively or addition-
ally, feedback can include recommendations for adapta-
tions in lifestyle or behavior based on the data measured
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by the contraction monitoring device. Feedback can be
provided through the user interface module 1900 of FIG.
22, through the user personal device 2001 of FIG. 19
and/or through any other communication tools to the us-
er. Feedback can take the form of a noise, a certain LED
pattern, a text message, a voice message or any other
multimedia communication.

[0188] The disclosed embodiments are susceptible to
various modifications and alternative forms, and specific
examples thereof have been shown by way of example
in the drawings and are herein described in detail. It
should be understood, however, that the disclosed em-
bodiments are not to be limited to the particular forms or
methods disclosed, but to the contrary, the disclosed em-
bodiments are to cover all modifications, equivalents, and
alternatives. The scope of the invention is defined by the
claims.

Claims
1. A contraction monitoring system (2000) comprising:

an electrode patch (2100) comprising at least
two electrodes, including a first measurement
electrode (3004) and a reference electrode
(3002); and

a sensor module (2200) configured to be con-
nected to the electrode patch, wherein the sen-
sor module comprises:

a signal acquisition module (1100);

a signal processing module (1200);

a power management module (1500);
a sensor control module (1600):

an inertial sensing module (1800); and
atleastone of amemory module (1300)
and a data transmission module
(1400); wherein

the signal acquisition module (1100) is config-
ured to:

measure biopotential signals using the at
least two electrodes when the electrodes
are positioned on an abdomen of a pregnant
woman; and

acquire inertial sensing data with the inertial
sensing module (1800); and characterised
in that

the signal processing module (1200) is config-
ured to:

automatically identify the inertial sensing
data that comprises one or more motion ar-
tifact signals resulting from the overall
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movement of the pregnant woman, move-
ments of the abdomen induced by fetal
movement, and local movement of the sen-
sor module (2200);

input the inertial sensing data and out of
band energy for the biopotential signal into
an artifact filter;

set a threshold for artifact detection;
dynamically change the threshold in de-
pendence on the moving baseline energy
in the frequency band used for artifact de-
tection;

dynamically change the threshold in de-
pendence on the inertial sensing data such
that, when the sensor motion energy of the
inertial sensing module (1800) exceeds a
set minimum level, the threshold is lowered
in dependence on the amount that the sen-
sor motion energy exceeds the set mini-
mum level;

filter or exclude, with the artifact filter, one
or more motion artifact signals from the bi-
opotential signal;

process the filtered biopotential signal to ex-
tract one or more electrohysterogram sig-
nals; and

process the one or more electrohystero-
gram signals to extract one or more uterine
contraction signals.

2. The system of Claim 1, wherein the signal process-

ing module (1200) is further configured to:

process the biopotential signal to extract mater-
nal electrocardiogram signals (mECG);
process the mECG signals to extract a maternal
heart rate (MHR) and maternal heart rate vari-
ability (mHRV);

process mHR and mHRYV to extract a maternal
stress level; and

correlate the one ormore uterine contraction sig-
nals with the maternal stress level.

The system of Claim 1, wherein the signal process-
ing module (1200) is further configured to:

process the filtered biopotential signal to extract one
or more of: maternal electrocardiogram signals
(mECG) and fetus electrocardiogram signals
(fECG).

The system of Claim 3, wherein the signal process-
ing module (1200) is further configured to:

extract one or more of: a position, a movement,
and an orientation of a fetus from the fECG; and
measure a fetal activity from one or more of: the
position, the movement, and the orientation of
the fetus.
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5. The system of any one of the preceding claims,

wherein the signal processing module (1200) is fur-
ther configured to:

isolate from the one or more electrohysterogram
signals a first part of the one or more electro-
hysterogram signals that is related to an electri-
cal activity of a uterus; and

separate the electrical activity of the uterus from
a second part of the one or more electrohyster-
ogram signals that is related to other physiolog-
ical phenomena, noise, or non-movement arti-
facts.

6. The system of any one of the preceding claims,

wherein the signal processing module (1200) is fur-
ther configured to:

process the electrohysterogram signals to ex-
tract one or more electrohysterogram markers;
and

classify the biopotential signals into contraction
types based on the one or more electrohyster-
ogram markers, wherein the one or more elec-
trohysterogram markers comprise:

a statistical feature selected from the group
consisting of: an average, a mean, a per-
centile, a standard deviation, a kurtosis, and
a combination thereof;

a power spectrum feature selected from the
group consisting of: a total power in a band-
width, a peak power, a mean power, an av-
erage power, a power in certain frequency
bands, an entropy feature, and a combina-
tion thereof; or

a spatial propagation feature selected from
the group consisting of: a laplacian, a gra-
dient, a higher order propagation feature to
indicate a rate, a pattern, and a spatial dis-
tribution of a firing of one or more uterine
contractile cells, and a combination thereof.

The system of any one of the preceding claims,
wherein the signal processing module (1200) is fur-
ther configured to analyze the one or more uterine
contraction signals to compute uterine contraction
statistics;

wherein, optionally, the signal processing module
(1200) is further configured to receive context infor-
mation from a personal device (2001) associated
with the pregnant woman to improve accuracy and
reliability of the one or more uterine contraction sta-
tistics.

The system of any one of the preceding claims,
wherein the inertial sensing module (1800) or an ac-
tivity sensor provided by another device configured
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to interact with the inertial sensing module (1800),
provides a maternal activity data or a fetal activity
data, and wherein the signal processing module is
further configured to:

measure a maternal activity; and
correlate one or more of: the maternal activity
or the fetal activity with the one or more uterine
contraction signals, the uterine contraction sta-
tistics, or a combination thereof.

The system of any one of the preceding claims,
wherein the electrode patch (2100) further compris-
es a bias electrode (3003) and a second measure-
ment electrode (3005), wherein the first (3004) and
second (3005) measurement electrodes are located
on two extremities of the electrode patch (2100), and
wherein the reference electrode (3002) is located
substantially ina middle region of the electrode patch
(2100).

The system of Claim 9, wherein the electrode patch
(2100) further comprises a third measurement elec-
trode (3006), wherein the first (3004) and second
(3005) measurement electrode and the reference
electrode (3002) are positioned substantially on a
line, and wherein the third measurement electrode
(3006) is positioned below the reference electrode
(3002) substantially perpendicular to the line.

The system of any one of the preceding claims, fur-
ther comprising a user personal device (2001) con-
figured to perform one or more functions performed
by the signal processing module (1200), the signal
acquisition module (1100), the inertial sensing mod-
ule (1800) or a combination thereof.

The system of any one of the preceding claims,
wherein the signal processing module is further con-
figured to provide feedback to a user.

The system of any one of the preceding claims,
wherein the signal processing module (1200) is fur-
ther configured to:

transmit at least one uterine contraction signal
to a personal device (2001) associated with the
pregnant woman; and

display the atleast one uterine contraction signal
on the personal device (2001), wherein the at
least one uterine contraction signal is intelligible
to a common user.

The system of any of the preceding claims, wherein,
after the threshold has been lowered in dependence
on the inertial sensing data, the signal processing
module (1200) is configured to slowly return the
threshold to its original value.
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15. The system of any of the preceding claims, wherein

the out of band energy is outside of the 0.3Hz to
0.8Hz frequency range.

Patentanspriiche

Weheniberwachungssystem (2000), umfassend:

ein Elektrodenpflaster (2100), das mindestens
zwei Elektroden umfasst, einschliel3lich einer
ersten Messelektrode (3004) und einer Refe-
renzelektrode (3002); und

ein Sensormodul (2200), das konfiguriertist, um
mit dem Elektrodenpflaster verbunden zu sein,
wobei das Sensormodul Folgendes umfasst:

ein Signalerfassungsmodul (1100);

ein Signalverarbeitungsmodul (1200);

ein Stromverwaltungsmodul (1500);

ein Sensorsteuermodul (1600);

ein Tragheitssensormodul (1800); und
mindestens eines aus einem Speichermo-
dul (1300) und einem Datenubertragungs-
modul (1400); wobei

das Signalerfassungsmodul (1100) zu Fol-
gendem konfiguriert ist:

Messen von Biopotentialsignalen unter
Verwendung der mindestens zwei
Elektroden, wenn die Elektroden an ei-
nem Abdomen einer schwangeren
Frau positioniert sind; und

Erfassen von Tragheitssensordaten
mitdem Tragheitssensormodul (1800);
und

dadurch gekennzeichnet, dass

das Signalverarbeitungsmodul (1200)
zu Folgendem konfiguriert ist:

automatisches Identifizieren der
Tragheitssensordaten, die ein
oder mehrere Bewegungsartefakt-
signale umfassen, die sich aus der
Gesamtbewegung der schwange-
ren Frau, Bewegungen des Abdo-
mens, die durch Bewegung des
Fotusinduziert sind, und lokale Be-
wegung des Sensormoduls (2200)
ergeben;

Eingeben der Tragheitssensorda-
ten und bandexternen Energie fir
das Biopotentialsignal in einen Ar-
tefakffilter;

Festlegen eines Schwellenwerts
fur Artefakterfassung;
dynamisches Veradndern des
Schwellenwerts in Abhangigkeit
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von der gleitenden Basislinienen-
ergie in dem Frequenzband, die
zur Artefakterfassung verwendet
wird;

dynamisches Verandern des
Schwellenwerts in Abhangigkeit
von den Tragheitssensordaten,
sodass, wenn die Sensorbewe-
gungsenergie des Tragheitssen-
sormoduls (1800) einen festgeleg-
ten Minimalwert Ubersteigt, der
Schwellenwert in Abhangigkeit
von der Menge, um die die Sensor-
bewegungsenergie den festgeleg-
ten Minimalwert Ubersteigt, ge-
senkt wird;

Filtern oder Ausschlie3en, mit dem
Artefakffilter, von einem oder meh-
reren Bewegungsartefaktsignalen
aus dem Biopotentialsignal;
Verarbeiten des gefilterten Biopo-
tentialsignals, um ein oder mehre-
re Elektrohysterogrammsignale zu
extrahieren; und

Verarbeiten des einen oder der
mehreren Elektrohysterogrammsi-
gnale, um ein oder mehrere We-
hensignale zu extrahieren.

2. Systemnach Anspruch 1, wobei das Signalverarbei-
tungsmodul (1200) ferner zu Folgendem konfiguriert
ist:

Verarbeiten des Biopotentialsignals, um Elek-
trokardiogrammsignale der Mutter (mnECG) zu
extrahieren;

Verarbeiten der mECG-Signale, um eine Herz-
frequenz der Mutter (mHR) und Herzratenvari-
abilitat der Mutter (mHRV) zu extrahieren;
Verarbeiten von mHR und mHRYV, um einen Be-
anspruchungsgrad der Mutter zu extrahieren;
und

Korrelieren des einen oder der mehreren We-
hensignale mit dem Beanspruchungsgrad der
Mutter.

3. Systemnach Anspruch 1, wobei das Signalverarbei-
tungsmodul (1200) ferner konfiguriert ist zum:
Verarbeiten des gefilterten Biopotentialsignals, um
eines oder mehrere aus Folgendem zu extrahieren:
Elektrokardiogrammsignale der Mutter mECG) und
Elektrokardiogrammsignale des Fotus (fFECG).

4. Systemnach Anspruch 3, wobei das Signalverarbei-
tungsmodul (1200) ferner konfiguriert ist zum:

Extrahieren von einem oder mehreren aus Fol-
gendem: einer Position, einer Bewegung und ei-
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ner Ausrichtung eines Fotus aus den fECG; und
Messen einer Aktivitat des Fotus aus einem oder
mehreren aus Folgendem: der Position, der Be-
wegung und der Ausrichtung des Foétus.

5. System nach einem der vorhergehenden Anspri-
che, wobei das Signalverarbeitungsmodul (1200)
ferner zu Folgendem konfiguriert ist:

Isolieren aus dem einen oder den mehreren
Elektrohysterogrammsignalen von einem ers-
ten Teil des einen oder der mehreren Elektro-
hysterogrammsignale, das im Zusammenhang
mit einer elektrischen Aktivitdt eines Uterus
steht; und

Trennen der elektrischen Aktivitdt des Uterus
von einem zweiten Teil des einen oder der meh-
reren Elektrohysterogrammsignale, die in Zu-
sammenhang mit anderen physiologischen
Phanomenen, Gerduschen oder Nichtbewe-
gungsartefakten steht.

6. System nach einem der vorhergehenden Anspri-
che, wobei das Signalverarbeitungssignal (1200)
ferner zu Folgendem konfiguriert ist:

Verarbeiten der Elektrohysterogrammsignale,
um einen oder mehrere Elektrohysterogramm-
marker zu extrahieren; und

Klassifizieren der Biopotentialsignale in Wehen-
arten basierend auf dem einen oder den meh-
reren Elektrohysterogrammmarkern, wobei der
eine oder die mehreren Elektrohysterogramm-
marker Folgendes umfassen:

ein statistisches Merkmal, ausgewahlt aus
der Gruppe bestehend aus: einem Durch-
schnitt, einem Mittelwert, einem Perzentil,
einer Standardabweichung, einer Kurtosis
und einer Kombination davon;

ein Leistungsspektrumsmerkmal, ausge-
wahlt aus der Gruppe bestehend aus: einer
Gesamtleistung in einer Bandbreite, einer
Spitzenleistung, einer mittleren Leistung,
einer durchschnittlichen Leistung, einer
Leistung in bestimmten Frequenzbandern,
einem Entropiemerkmal und einer Kombi-
nation davon; oder

ein rdumliches Propagationsmerkmal, aus-
gewahlt aus der Gruppe bestehend aus: ei-
nem Laplace-Operator, einem Gradienten,
einem Propagationsmerkmal héherer Ord-
nung, um eine Rate anzugeben, einem
Muster und einer rdumlichen Verteilung ei-
nes Abfeuerns von einer oder mehreren
uterinen kontraktilen Zellen und einer Kom-
bination davon.
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System nach einem der vorhergehenden Anspri-
che, wobei das Signalverarbeitungsmodul (1200)
fernerkonfiguriertist, umdas eine oder die mehreren
Wehensignale zu analysieren, um eine Wehensta-
tistik zu berechnen;

wobei optional das Signalverarbeitungsmodul
(1200) ferner konfiguriert ist, um Kontextinformatio-
nen von einer persoénlichen Vorrichtung (2001) im
Zusammenhang mit der schwangeren Frau zu er-
halten, um die Genauigkeit und Zuverlassigkeit der
einen oder mehreren Wehenstatistiken zu verbes-
sern.

System nach einem der vorhergehenden Anspri-
che, wobei das Tragheitssensormodul (1800) oder
ein Aktivitatssensor, der durch eine weitere Vorrich-
tung bereitgestelltist, die konfiguriert ist, um mit dem
Tragheitssensormodul (1800) zu interagieren, Akti-
vitatsdaten der Mutter oder Aktivitdtsdaten des Fo-
tus bereitstellt und wobei das Signalverarbeitungs-
modul ferner zu Folgendem konfiguriert ist:

Messen einer Aktivitat der Mutter; und
Korrelieren von einem oder mehreren aus Fol-
gendem: der Aktivitat der Mutter oder der Akti-
vitat des Fétus mit dem einen oder den mehre-
ren Wehensignalen, der Wehenstatistik oder
Kombinationen davon.

System nach einem der vorhergehenden Anspri-
che, wobei das Elektrodenpflaster (2100) ferner eine
Vorspannungselektrode (3003) und eine zweite
Messelektrode (3005) umfasst, wobei die erste
(3004)und zweite (3005) Messelektrode an zwei Ex-
tremitaten des Elektrodenkissens (2100) angeord-
net sind und wobei die Referenzelektrode (3002) im
Wesentlichen in einem mittleren Bereich des Elek-
trodenkissens (2100) angeordnet ist.

System nach Anspruch 9, wobei das Elektrodenkis-
sen (2100) ferner eine dritte Messelektrode (3006)
umfasst, wobei die erste (3004) und zweite (3005)
Messelektrode und die Referenzelektrode (3002) im
Wesentlichen auf einer Linie positioniert sind und
wobei die dritte Messelektrode (3006) unter der Re-
ferenzelektrode (3002) im Wesentlichen senkrecht
zu der Linie positioniert ist.

System nach einem der vorhergehenden Anspri-
che, ferner umfassend eine personliche Benutzer-
vorrichtung (2001), die konfiguriert ist, um eine oder
mehrere Funktionen durchzufiihren, die durch das
Signalverarbeitungsmodul (1200), das Signalerfas-
sungsmodul (1100), das Tragheitssensormodul
(1800) oder eine Kombination davon durchgefiihrt
werden.

System nach einem der vorhergehenden Anspri-
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che, wobei das Signalverarbeitungsmodul ferner
konfiguriert ist, um Riickmeldung an einen Benutzer
bereitzustellen.

System nach einem der vorhergehenden Anspri-
che, wobei das Signalverarbeitungssignal (1200)
ferner zu Folgendem konfiguriert ist:

Ubertragen von mindestens einem Wehensig-
nal an eine personliche Vorrichtung (2001) im
Zusammenhang mitder schwangeren Frau; und
Anzeigen des mindestens einen Wehensignals
auf der persoénlichen Vorrichtung (2001), wobei
das mindestens eine Wehensignal fiir einen her-
kémmlichen Benutzer verstandlich ist.

System nach einem der vorhergehenden Anspri-
che, wobei, nachdem der Schwellenwert in Abhan-
gigkeit von den Tragheitssensordaten gesenkt wur-
de, das Datenverarbeitungsmodul (1200) konfigu-
riert ist, um den Schwellenwert langsam zu seinem
urspringlichen Wert zurlickzubringen.

System nach einem der vorhergehenden Anspri-
che, wobei die bandexterne Energie aul3erhalb des
Frequenzbereichs von 0,3 Hz bis 0,8 Hz ist.

Revendications

1.

Systéme de surveillance de contractions (2000)
comprenant :

un électrode adhésive (2100) comprenant au
moins deux électrodes, comprenant une pre-
miére électrode de mesure (3004) et une élec-
trode de référence (3002) ; et

un module de capteur (2200) configuré pour étre
connecté a I'électrode adhésive, le module de
capteur comprenant :

un module d’acquisition de signal (1100) ;
un module de traitement de signal (1200) ;
un module de gestion d’énergie (1500) ;
un module de commande de capteur
(1600) ;

un module de détection inertielle (1800) ; et
au moins I'un d’'un module de mémoire
(1300) et d’'un module de transmission de
données (1400) ; dans lequel

le module d’acquisition de signal (1100) est
configuré pour :

mesurer des signaux de biopotentiel a
'aide des au moins deux électrodes
lorsque les électrodes sont position-
nées sur un abdomen d’'une femme
enceinte ; et
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acquérir des données de détection
inertielle avec le module de détection
inertielle (1800) ; et

caractérisé en ce que

rythme cardiaque maternel (mHR) et une varia-
bilité de rythme cardiaque maternel (mHRV) ;
traiter mHR et mHRV pour extraire un niveau de
stress maternel ; et

le module de traitement de signal % mettre en corrélation I'au moins un signal de
(1200) est configuré pour : contraction utérine avec le niveau de stress ma-
ternel.
identifier automatiquement les
données de détection inertielle qui 3. Systeme de la revendication 1, dans lequel le mo-
comprennent au moins un signal 10 dule de traitement de signal (1200) est en outre con-
d’artéfact résultant du mouvement figuré pour :
global de la femme enceinte, des traiter le signal de biopotentiel filtré pour extraire au
mouvements de 'abdomen induits moins les uns des signaux suivants : des signaux
le mouvement du foetus et d’'un d’électrocardiogramme maternel (MECG) et des si-
mouvement local du module de 75 gnaux d’électrocardiogramme foetal (fECG).
capteur (2200) ;
entrer les données de détection 4. Systeme de la revendication 3, dans lequel le mo-
inertielle et I'énergie hors bande dule de traitement de signal (1200) est en outre con-
pour le signal de biopotentiel dans figuré pour :
un filtre d’artéfact ; 20
établir un seuil pour la détection extraire au moins un des éléments suivants :
d’artéfact ; une position, un mouvement et une orientation
modifier de maniere dynamique le d’un feetus a partir du fECG; et
seuil en fonction de I'énergie de li- mesurer une activité foetale a partir d’au moins
gne de base de mouvement dans 25 un des éléments suivants : la position, le mou-
labande de fréquence utilisée pour vement et I'orientation du feetus.
la détection d’artéfact ;
modifier de maniere dynamique le 5. Systeme de l'une quelconque des revendications
seuil en fonction des données de précédentes, dans lequel le module de traitement
détection inertielle de sorte que, 30 de signal (1200) est en outre configuré pour :
lorsque I'énergie de mouvement
de capteur du module de détection isoler a partir de I'au moins un signal d’électro-
inertielle (1800) dépasse un ni- hystérogramme une premiere partie de l'au
veau minimal défini, le seuil soit moins un signal d’électrohystérogramme qui est
abaissé en fonction de la quantité 35 liée a une activité électrique d’un utérus ; et
de dépassement de I'énergie de séparer l'activité électrique de l'utérus d’'une
mouvement de capteur par rapport deuxieme partie de I'au moins un signal d’élec-
au seuil minimal défini ; trohystérogramme qui est liée a d’autres phé-
filtrer ou exclure, avec le filtre d’ar- nomenes physiologiques, bruits ou artéfacts
téfact, au moins un signal d’arté- 40 non liés au mouvement.
fact de mouvement du signal de
biopotentiel ; 6. Systeme de l'une quelconque des revendications
traiter le signal de biopotentiel filtré précédentes, dans lequel le module de traitement
pour extraire au moins un signal de signal (1200) est en outre configuré pour :
d’électrohystérogramme ; et 45
traiter 'au moins un signal d’élec- traiter les signaux d’électrohystérogramme pour
trohystérogramme pour extraire au extraire au moins un marqueur
moins un signal de contraction uté- d’électrohystérogramme ; et
rine. classer les signaux de biopotentiel selon des ty-
50 pes de contraction sur la base de I'au moins un
2. Systeme de la revendication 1, dans lequel le mo- marqueur d’électrohystérogramme, I'au moins
dule de traitement de signal (1200) est en outre con- un marqueur d’électrohystérogramme
figuré pour : comprenant :
traiter le signal de biopotentiel pour extraire des 55 une caractéristique statistique choisie dans
signaux  d’électrocardiogramme  maternel le groupe constitué par : une moyenne, une
(mECG); médiane, un centile, un écart type, un apla-
traiter les signaux de mECG pour extraire un tissement et une combinaison de ceux-ci ;

26
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une caractéristique de spectre de puissan-
ce choisie dans le groupe constitué par :
une puissance totale dans une largeur de
bande, un pic de puissance, une puissance
médiane, une puissance moyenne, une
puissance dans certaines bandes de fré-
quence, une caractéristique entropique et
une combinaison de celles-ci ; ou

une caractéristique de propagation spatiale
choisie dans le groupe constitué par : une
laplacienne, un gradient, une caractéristi-
que de propagation d’ordre supérieur pour
indiquer un rythme, un schéma et une dis-
tribution spatiale d’'un déclenchement d’au
moins une cellule contractile utérine et une
combinaison de ceux-ci.

Systeme de I'une quelconque des revendications
précédentes, dans lequel le module de traitement
de signal (1200) est en outre configuré pour analyse
I'au moins un signal de contraction utérine afin de
calculer des statistiques de contractions utérines ;
dans lequel, éventuellement, le module de traite-
ment de signal (1200) est en outre configuré pour
recevoir des informations de contexte depuis un dis-
positif personnel (2001) associées a la femme en-
ceinte pour améliorer une précision et une fiabilité
de I'au moins une statistique de contractions utéri-
nes.

Systeme de I'une quelconque des revendications
précédentes, dans lequel le module de détection
inertielle (1800) ou un capteur d’activité fourni par
un autre dispositif configuré pour interagir avec le
module de détection inertielle (1800), fournit une
donnée d'activité maternelle ou une donnée d’acti-
vité foetale, et dans lequel le module de traitement
de signal est en outre configuré pour :

mesurer une activité maternelle ; et

mettre en corrélation au moins un des éléments
suivants :I'activité maternelle oul'activité foetale
avec I'au moins un signal de contraction utérine,
les statistiques de contractions utérines ou une
combinaison de ceux-ci.

Systeme de I'une quelconque des revendications
précédentes, dans lequel [|'électrode adhésive
(2100) comprend en outre une électrode de polari-
sation (3003) et une deuxieme électrode de mesure
(3005), les premiére (3004) et deuxieme (3005) élec-
trodes de mesure étant situées sur deux extrémités
de I'électrode adhésive (2100), et I'électrode de ré-
férence (3002) étant située sensiblement dans une
région médiane de I'électrode adhésive (2100).

Systeme de la revendication 9, dans lequel I'électro-
de adhésive (2100) comprend en outre une troisieme
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électrode de mesure (3006), les premiére (3004) et
deuxieme (3005) électrodes de mesure et’électrode
de référence (3002) étant positionnées sensible-
ment sur une ligne, et la troisieme électrode de me-
sure (3006) étant positionnée sous I'électrode de ré-
férence (3002) sensiblement perpendiculairement a
la ligne.

Systéme de l'une quelconque des revendications
précédentes, comprenant en outre un dispositif per-
sonnel d’utilisateur (2001) configuré pour réaliser au
moins une fonction réalisée par le module de traite-
ment de signal (1200), le module d’acquisition de
signal (1100), le module de détection inertielle
(1800) ou une combinaison de ceux-ci.

Systéme de l'une quelconque des revendications
précédentes, dans lequel le module de traitement
de signal est en outre configuré pour fournir une ré-
troaction a un utilisateur.

Systéme de l'une quelconque des revendications
précédentes, dans lequel le module de traitement
de signal (1200) est en outre configuré pour :

transmettre au moins un signal de contraction
utérine a un dispositif personnel (2001) associé
a la femme enceinte ; et

afficher I'au moins un signal de contraction uté-
rine sur le dispositif personnel (2001), 'au moins
un signal de contraction utérine étant compré-
hensible par un utilisateur commun.

Systéme de l'une quelconque des revendications
précédentes, dans lequel, aprés I'abaissement du
seuil en fonction des données de détection inertielle,
le module de traitement de signal (1200) est confi-
guré pour renvoyer lentement le seuil a sa valeur
d’origine.

Systéme de l'une quelconque des revendications
précédentes, dans lequel I'énergie hors bande est
hors de la plage de fréquence de 0,3 Hz a 0,8 Hz.
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