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Title: Wearable device, method and system for monitoring one or more vital

signs of a human body.

5 Iield of the invention

The present invention is directed at a wearable device for monitoring
one or more vital signs of a human body, the device comprising a carrier suitable
for being worn around an abdominal part of the body, and an electrode
arrangement comprising a plurality of conductive electrodes. The invention is

10 further directed at a method for use with the wearable device, and at a system

using the wearable device.

Background
The present document is particularly concerned with medical aids for
15 the nursing and caring of premature habies, i.e. babies having had a preterm hirth.
Preterm babies, i.e. babies that were born after a pregnancy of less than 37 weeks,
are typically cared for by neonatal intensive care units (NICU) in hospitals, in
isolation in an isolette (also referred to as ‘incubator’) while their vital signs are
continuously monitored. Conventionally, such vital signs are monitored using
20  conventional means for providing an electrocardiogram (ECG) and an
electromyogram (EM(3), such as to monitor their respiration and cardiac signal.
Various alternatives are available for monitoring such signals.
An KECG is commonly provided using adhesive electrodes adhered to the
babies body. Such electrodes are adhered to various parts of the hody to detect
25  different electrical physiological signals. For example, electrodes that may be
adhered to the limbs and certain areas of the body are applied to form the
Einthoven triangle, while electrodes in the thoracic area provide a main signal.
Additional electrodes may be used to provide an EMG from which a respiratory
signal may be obtained. Adhering of these electrodes is desired to ensure sufficient
30  contact between the electrode and the skin, and to prevent accidental moving of the

electrodes from their desired location on the body.
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Although this method allows the baby’s vital signs to be monitored in a
reliable manner continuously, there are a number of disadvantages associated
therewith. The main disadvantage is the adhering of electrodes to the skin of the
premature haby. The skin of preterm babies is very sensible, and the use of

5  adhesive electrodes is for that reason unpleasant and even harmful, and thus
undesired. Removal of the electrodes hurts the baby, causing stress to both the
baby and his or her parents. Such removal occasionally may even damage the skin,
causing small wounds and increasing the risk of infection. Taking into account that
typically the electrodes are to be replaced every few days (e.g. every five days), it

10 may be understood that this disadvantage is not negligible — in particular for
babies that are to be monitored over a period of multiple weeks.

Therefore, preferably the vital signs of premature habies are monitored
in a different manner, which is more comfortable and less harmful to the skin.
Alternative, non-contacting methods are either insufficiently reliable for medical

15 purposes or are more invagive to the baby.

Summary of the invention

It is an object of the present invention to provide an alternative manner
for monitoring vital signs of a haby, which alternative is easy to apply, more
20  comfortable to the baby and less harmful to the skin, while enabling reliable
detection of the hahy’s vital signs for medical purposes and continuous monitoring.
To this end, there is provided herewith a wearable device for monitoring
one or more vital signs of a human body, the device comprising a carrier suitable

for being worn around an abdominal part of the body, and an electrode
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arrangement comprising a plurality of conductive electrodes, wherein the
electrodes are arranged on the carrier such as to be brought in contact with a skin
of the body in use, and wherein the electrodes are arranged for receiving electric
physiologic signals from the body for enabling monitoring of a membrane potential
of one or more muscles in the body, wherein the electrodes comprise one or more

30  first electrodes arranged on the carrier such as to be in contact with a side part of a
torso of the body, such as to receive via said first electrodes a first electrical signal
indicative of a membrane potential of a thoracic diaphragm of the body; wherein

the carrier further comprises at least one second electrode in addition to the one or
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more first electrodes, the at least one second electrode being arranged on the
carrier such as to be in contact with a mid front part of the abdominal part of the
body, the at least one second electrode thereby being arranged for receiving a
second electrical signal indicative of one or more further electric physiologic signals
5  from the hody, for enabling filtering of the first electrical signal using the second
electrical signal for enabling electromyography of the thoracic diaphragm.

The wearable device of the present invention receives a first electrical
signal which indicative of a membrane potential of a thoracic diaphragm, from one
or more first electrodes located on a side part of the body (i.e. roughly an area

10 helow one or hoth of the arms) close to the location of the diaphragm muscle in the
body. From this signal, in principle, an electromyogram can be made which allows
the monitoring of a respiration signal indicative of the bahies breathing pattern.
However, typically the electric physiological signal from the thoracic diaphragm is
very weak and distorted by many other signals from the body. For example, the

15 cardiac signal is of much larger intensity and complicates the detection of a clear
and reliable signal from the diaphragm movement, Also, many of the bodies
physiologic processes (e.g. intestinal processes) and every movement made by the
baby adds another source of distortion. Thus, in order to enable an EMG to be
provided, the signal-to-noise ratio is to be improved such as to provide a reliable

20 measurement.

In accordance with the present invention, a second signal is obtained
from an area that is indicative of one or more further electric physiologic signals
from the hody. Preferably this second signal includes the physiological signals from

as much sources of distortion as possible, or at least includes the main distortion
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signals, as thig allows filtering of the first electrical signal using the second
electrical signal to obtain the signal that reliably is indicative of the haby’s vital
signs. By such filtering the distortion signals can be effectively removed from the
first electric signal. This can be done to such an extend that the diaphragm signal
ohtained is strong enough (having a sufficiently large signal-to-noise ratio) to allow
30 the arrangement to be operable at higher contact impedances (between the
electrode and the body) and hio-impedances (impedance of the skin itself). As a
result, this obviates the need to adhere the electrodes directly to the skin to

improve contact. All that is needed is continuous contact of the electrodes with the
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skin, which may be achieved in a different manner than by using adhesive
electrodes.

In principle, the second signal may be obtained for example from an
area on the body that is located remote from the thoracic diaphragm, where the

5  diaphragm signal is weak. However, in the wearable device of the present

invention, the second electrical signal is preferably obtained from a mid front part
of the abdominal part of the body, to be aligned with the one or more first
electrodes. This is based on the insight that in this area, a signal may he obtained
wherein the distortion signals are strongly present whereas the signal from the

10  diaphragm is weak (compared to the signal obtained from the side part of the body
in the area under one or both arms). At the same time, due their aligned locations
on the surface of the body, the one or more first electrodes and the at least one
second electrode may optionally be attached to a same belt that is placed around
the abdominal part of the body of the baby. This belt must in use be located at the

15 level of where the diaphragm is located, to allow the first electrodes to pick up a
strong enough signal indicative of the membrane potential of diaphragm. The use
of a belt or similar carrier for the conductive electrodes (e.g. multiple
interconnected belts, a harness, or even a vest) enables to put some pressure on the
electrodes to ensure contact with the skin,

20 It is noted that the second electrical signal could, if desired, also be
obtained at the same level on the back of the baby at the location of his/her spine.
However, although this may provide a workable solution, additional effort would
there be required due to the fact that the spine distorts all signals from the body
and does also not provide a good contact area.

In addition to the detection of the EMG signal, the electrode likewise

[}
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pick up the much stronger cardiac signal from which an ECG may be obtained. The
signal may he filtered in a similar manner using the second electric signal to obtain
a reliable ECG signal that can be used for medical purposes, such as for monitoring
vital signs. Therefore, in accordance with an embodiment of the invention, at least
30  one of the first electrodes, the at least one second electrode, or a further electrode of
the conductive electrodes, is further arranged for receiving via said electric
physiologic signals from the body, a further electrical signal indicative of a cardiac

action potential for providing a heart rate signal. This enables to detect hoth the
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respiratory signal from the EMG as well as the cardiac signal from the ECG using
the wearable device of the present invention.

In accordance with other embodiments, the carrier of the device
comprises at least one of a belt, strap, harness or garment. This can be made in
gizes to fit around the baby’s body, or may also be made size adjustable or
stretchable. However, in accordance with preferred embodiments, the carrier of the
device is a single belt comprised by the device in absence of a further belt or carrier
means, wherein all of the plurality of conductive electrodes is arranged on the
single belt. In particular where the belt perfectly fits around the body of the baby,
or can be made to fit perfectly e.g. by being size adjustable or stretchable, a single
belt may be sufficient to fix the conductive electrodes to their desired locations by
means of pressure from the perfect fitting belt. The wearable device is thereby easy
to apply. To the baby, this is much more comfortable than the conventional manner
of attaching adhesive electrodes. Moreover, due to the fact that the baby only needs
to wear the belt with electrodes, the baby can be easily picked up by his or her
parents, for example to be held for example by his or her mother. This is a very
important aspect of bonding, making the baby feel safe and at ease, which is very
difficult to arrange with the conventional manner of adhering electrodes (with
wires to the analysis system) to multiple parts of the body. It is known that direct
contact between mother and baby, is very important to the physical wellbeing of
the baby, and has a positive effect on the baby’s health. Moreover, as may be
appreciated, the wearable device of the present invention (both the wired, but in
particular the wireless variant) makes feeding in general, and breast feeding in
particular, much easier and more comfortable for both the baby and the mother.
This too is an important advantage of the present invention.

In some embodiments, one or more of the conductive electrodes are
arranged on the carrier such as to protrude out of the carrier, for providing in use
said contact between the skin and the electrode or electrodes. In these
embodiments, due to the electrodes protruding from the carrier or belt, contact
pressure will be slightly increased where the electrodes are located to thereby
enable detection of a strong enough signal. For example, the electrodes may be
embossed electrodes printed on the carrier or a layer thereof. For example, in

accordance with some embodiments, the carrier comprises a stretchable material,
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and wherein one or more of the conductive electrodes comprise a layer of
conductive material deposited on the stretchable material. Such deposition may be
achieved using many kinds of known deposition methods, for example using
printed electronics technology. In particular, in accordance with some
5  embodiments, the one or more conductive electrodes are formed by one or more

layers of silverchloride (Ag2Cl), and wherein the stretchable material comprises a
stretchable polyester, wherein the one or more layers of silverchloride are printed
onto said stretchable polyester such as to protrude out of the carrier. Alternative
stretchable materials may also be considered, for example a stretchable

10 polyurethane (PU) or thermoplastic polyurethane (TPU) may be applied instead of
or in addition to the stretchable polyester.

In accordance with some embodiments, the carrier comprises at least
one sweat absorption layer, such as a layer comprising viscose fibers. This
increases comfort for the baby wearing the device, and in addition can be made to

15 protect the electrodes and electronic pathways from becoming moisty of sweat. As
may he appreciated, sweat contains salts that cause it to be a reasonable well
electric conductor. Therefore, the electronic pathways becoming moisty due to
sweating may add to disturbance on the signal. Although this may be prevented by
sealing the electronic pathways, the use of the sweat absorption layer to prevent

20  sweat from reaching the electronics may provide a first line of protection while at
the same time increasing comfort for the baby. For example, in accordance with
some embodiments, the sweat absorption layer is arranged such as to cover a
stretchable layer comprising the conductive electrodes and conductive paths for

conveying electric signals from the electrodes, and wherein the sweat absorption

oy |

layer comprises holes or cutout portions through which the conductive electrodes
protrude for being in contact with the skin. The cut-out portions or holes allow the
electrodes to be in contact with the skin.

In accordance with some embodiments, the carrier comprises an outer
reinforcement layer, such as a polypropylene textile layer. This allows the carrier
30 to fastened such as to provide sufficient pressure on the electrodes without
breaking thereof. In use, around the abdominal part of the body of the baby, the
exerted pressure on the electrodes must be limited to prevent discomfort to the

baby. As will be understood, preterm babies are generally very fragile. Although
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some limited amount of pressure may be added to the electrodes via the belt or
carrier, this should be just enough to receive a clear EMG and/or ECG signal.
However, care must be taken not to cause discomfort, and certainly not to cause
shortness of breath or even hurting the baby. Preferably, belts may for example be

5  made available in different sizes, and may even additionally be size adjustable
such as to be made to perfectly fit each baby.

In some embodiments, the carrier is a belt and one or more of it’s
layers, e.g. the reinforcement layer and a further layer, form an envelope for
enclosing the flexible layer and the sweat absorption layer. This allows the internal

10 functional layers of the belt, e.g. the sweat absorption layer and the flexible printed
circuit board (PCB) including the electrodes, to be enclosed by the layers forming
the envelope to keep them in place. Moreover, this also enables the belts to be
fabricated easily, e.g. in large production. For example, the belts may be produced
by aligning the various functional layers, inserting them in the envelope, and

15 closing the envelope while fixing the layer and adding connection means.

In accordance with some further embodiments, the device further
includes at least one of a group comprising: a signal connector element for enabling
connection of conductive wires or plugs for conveying said electric physiologic
signals; a wireless transmitter for enabling wireless communication of signals to a

20  remote receiver; an amplifier for amplification of said electric physiologic signals;
or one or more further sensors, such as further conductive sensors, a temperature
sensor, an optical sensor, or an oxygen saturation (SpO2) sensor.

In particular the additional temperature sensor provides important

additional information on the haby’s health and physical wellbeing, by providing

DO
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his or her skin temperature. Moreover, an amplifier enables pre-amplification of
the received signals, e.g. to reduce the influence of noise sources during conveying
of the signals to an analysis system. Moreover, an important advantage of the
wireless transmitter is that it allows the wearable device to be made available in a
wireless version. In that case, the baby only wears the carrier — e.g. the belt with
30 electrodes — and is not attached to any wires. Although premature baby’s do not
move vigorously and are certainly not able to roll from their back to their belly to

potentially become entangled in wires, providing a wireless version of the wearable
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device certainly improves the ease of use of the device and the level of comfort to
both the baby and the parents.
In accordance with some embodiments, the carrier further comprises at
least one element or a combination of elements of a group comprising: a size
5  adjustable connecting part, such as a part comprising a fabric including a hooked
surface arranged for adhering to a further fabric, for example Velero; a size
adjustable connector; a plurality of press studs; a plurality of buttons and one or
more button holes; an elastic area. In particular where the carrier is a single belt,
providing the carrier with a Velcro connecting part and an additional elastic area,
10 provides an easy to apply wearable device. The amount of pressure exerted can be
easily adjusted, while certifying good contact between the electrodes and the skin.
Preferably, the wearable device is provided in an application to monitor
the physical state of babies, in particular preterm babies, as described so far.
Therefore, in some embodiments, the carrier is a belt, and the belt has a length
15 within a range of 100 to 600 millimeter, preferably within a range of 100 to 500
millimeter, more preferably within a range of 200 to 400 millimeter, such as to fit
around an abdominal part of a body of a baby. As may be appreciated though, the
manner of reliably measuring the ECG and EMG signals proposed in this
document is not exclusively useable with babies, and may likewise be applied to
20  monitor these signals in larger children or adults. With some anatomic
adjustments, the method may even be applied to mammals other than humans.
In accordance with a further aspect, there is provided a method of
monitoring one or more vital signs of a human body, the method comprising

receiving, using a wearable device according to the first aspect described above, a

DO
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plurality of electric physiologic signals detected using a plurality of conductive
electrodes, wherein electric physiologic signals include at least a first signal and a
second signal, the first signal being indicative of a membrane potential of a
thoracic diaphragm of the body, the second electrical signal being indicative of one
or more further electric physiologic signals from the body; and using an data

30  processing algorithm for filtering of the first electrical signal using the second
electrical signal for detecting the membrane potential of the thoracic diaphragm,
for enabling electromyography thereof for providing a respiratory signal, and

optionally for additionally detecting a cardiac action potential for providing a heart
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rate signal. In accordance with some embodiments thereof, this method may be
encoded in instructions that may be made available through a telecommunications
network, online storage, system on a chip or other computer readable medium, to
cause a processor of an analysis system to perform the method of the invention
5  while receiving the first and second signals from a wearable device as described
above.
In accordance with a third aspect, there is provided a system for
monitoring one or more vital signs of a human hody, the system comprising a
wearable device in accordance with the first aspect described above, further
10 including a receiver for receiving electric physiologic signals detected using a
plurality of conductive electrodes on the wearable device, wherein the system
further comprises a processor, the processor being arranged for performing method
in accordance with the second aspect. For example, the processor of the system may
receive instructions as described above, that cause the processor to perform the
15 method of the invention while receiving the first and second signals from the

wearable device.

Brief description of the drawings

The invention will further be elucidated by description of some specific
20  embodiments thereof, making reference to the attached drawings. The detailed
description provides examples of possible implementations of the invention, but is
not to he regarded as describing the only embodiments falling under the scope. The
scope of the invention is defined in the claims, and the description is to be regarded

as illustrative without being restrictive on the invention. In the drawings:
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Figure 1 schematically illustrates a system in accordance with the
present invention, including a wearable device;

Figures 2a-2¢ schematically illustrate a wearable device in accordance
with the invention and how it may be applied to a baby;

Figure 3 schematically illustrates a wearable device in accordance with
30 the present invention;
Figure 4 schematically illustrates a layered internal structure of a

wearable device in accordance with an embodiment;
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Figure 5 schematically illustrates a wearable device in accordance with
an embodiment, and how it may be constructed;
Figures 6a-6d schematically illustrate four different sized wearable

devices in accordance with an embodiment.

Detailed description

The illustrations in the figures are provided for explanatory purposes
only, such as to make clear the principles of the present invention and to support
the detailed description below. The invention generally relates to a wearable

10 device, in particular in it’s preferred embodiment, a belt including electrodes
arranged for cooperating with an analysis apparatus or system for detecting vital
signs of a subject, e.g. a human or animal body, and in a particular embodiment a
premature born baby. The invention also relates to a system and method for the
acquisition and analysis of physiological data, such as for example but not limited

15 to ECG, EMG, respiration and skin temperature using sensors integrated in a belt
which is worn around the body of the baby. The invention further relates to a
system with multiple sensors having an electrically conducting interface, an
amplifier and a wireless transceiver. Moreover, the invention relates to a sensor
array which may protrude out of the belt or maybe integrated within; with each

20  sensor having the capability to detect alone, the aforementioned physiological data,
or in a network with other sensors on the belt. The invention also relates to a
method of monitoring vital signs of a human body, to a computer program product
available on a computer readable medium, and to an analysis system for
monitoring vital signs of a human, in a particular embodiment a premature born

baby.

DO
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The aim of the invention is twofold: (1) to provide a more comfortable
solution for the baby because currently electrodes are attached with adhesives to
the skin, which can damage the fragile skin of the baby, and (2) for the mother,
because the belt improves the skin-to-skin contact between baby and mother,

30 which results in better kangaroco-mother care.

As illustrated in figure 1, a system 1 in accordance with an embodiment

of the present invention, as a whole, consists of at least four parts. A wearable

device 3 comprising a carrier 7, for example a belt 7, comprises a plurality of
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electrodes (not shown in figure 1) for sensing and receiving electric physiological
signals from a body, e.g. a preterm baby. The conductive electrodes on the belt 7 for
example provide integrated ECG, EMG and temperature sensors as will be
explained further below. A transmitter 5 on the belt 7 captures and amplifies the

5  signals from the conductive electrodes. These are transmitted by the transmitter 5

to a base station 6 which receives the signals. For example, the system may apply a
standard IEEE 802.11 data transmission protocol (WIFD), or an alternative such as
a standard IEEE 802.15.1 data transmission protocol (Bluetootht®), In particular,

the system may apply a low power consumption data transmission protocol such as

10 Bluetooth Low Energy (BLE or Bluetooth v4.0) or IEEE 802.15.4. The invention,
however, is not limited to any specific data transmission protocol. The analysis
system 1, e.g. a processor (not shown) in the receiving base station 6 or in another
analyzer, processes the data into physiological signs. A patient monitor 10 displays
and monitors the vital signs for the medical staff.

15 In figure 1, the carrier 3 is illustrated as a harness type garment,
consisting of a belt 7 to go around an abdominal part of a baby’s torso, and a strap
that may go over the baby’s shoulder. Alternatively, a full garment may be
provided that covers a more substantial part of the baby’s skin. However, preterm
born haby’s frequently are to be treated with phototherapy, requiring their skin to

20  be exposed to light. For this reason, preferably the use of an as small as possible
carrier that does not cover a large portion of the skin, is preferred. Therefore, the
harness 3 of figure 1 is preferred over a full garment, whereas a single helt 7
without any further straps (unlike figure 1) is even more preferred. Such a belt 7 is

for example illustrated in figures 2b and 2¢, 3, and 6a to 6d, to be described further

DO
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below. Moreover, since preterm baby’s (e.g. when phototherapy is desired) typically
reside in an isolette or a room at increased ambient temperature, the risk of
hypothermia of the body of the haby is diminished, and a full garment to prevent
cooling thus is not needed.

The function of the belt 7 is to provide a surface that enables the
30 conductive electrodes 19 and 20 to be in direct contact with the body. Referring to
figure 2, the belt 7 is placed on top of the lower part of the ribcage on the
abdominal area of the baby 12, i.e. at the costal margin, at the border of chest and

abdomen. This is important because the electrodes 19 need to be placed as close as
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possible to the diaphragm muscle 16 in order to measure the derived EMG
breathing signal and ECG signal therefrom. Figure 2a schematically shows the
anatomy of the baby 12, including the relative locations of the lungs 14, liver 15
and thoracic diaphragm 16. The latter of these, the diaphragm 16 is slightly curved
5  down (i.e. in the direction of the legs) towards the sides of the torso of the baby 12.
The wearable device 3 in the embodiment of figure 2 consists only of a helt 7
serving as carrier for the conductive electrodes 19, 20 and other elements. The
conductive electrodes include, in the present embodiment including a 4-channel
ECG/EMG arrangement, four first electrodes 19 and a second electrode 20. Of the
10 four first electrodes, two electrodes 19 are visible on the front side of the baby on
the side (figure 2b). A further two electrodes 19 are visible on the hack side of the
baby (figure 2¢). The number of each of the first or second electrodes may be
different from what is described here (e.g. 8 first electrodes and 2 second
electrodes; or one electrode of each type), but it is important that the wearable
15  device of the present invention has at least one first electrode 19 and at least one
second electrode 20. As may be understood, adding additional electrodes increases
the yield of useable signals therefrom, however the belt 7 to be fitted around the
body of a preterm baby does not provide to much room to add an unlimited amount
of electrodes. It has been found that the embodiment shown, including four first
20  electrodes 19 and a second electrode 20, provides a clear signal that can be filtered
to yield a reliable EMG/ECG measurement to provide the vital signs.
In figure 2b, it can be seen that the first electrodes 19 are located to the
sides of the torso, such as to be as close as possible to the location where the

diaphragm 16 curves down. This location is suitable for receiving, by the electrodes
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19, a signal including components that are indicative of a membrane potential of
the thoracic diaphragm 16, from which an EMG may be created if the signal-to-
noise ratio (SNR) is sufficiently large. Typically, however, many disturbance
signals are present that prevent the SNR to be sufficient to provide an EMG. An
ECG may be created though, because the cardiac signal has a larger intensity than
30  the respiratory signal from the diaphragm 16. However, this is part of the problem,
as it causes the respiratory signal from the diaphragm 16 to be almost invisible.
This is resolved, in accordance with the present invention, by using the signal from

a second electrode 20 to filter the signal from the first electrode 19. The second
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electrode 20 resides on the belt 7, such as to be in the mid part of the abdominal
area of the body of the baby. This more or less coincides, as follows by comparing
figure 2b with figure 2a, with the location of the apex of the thoracic diaphragm 16.
Hence, the signal from the diaphragm 16 in this location is much weaker than in

5  the area where first electrodes 19 are located on the belt 7. However, this is a very
good location to obtain a second electric signal that is indicative of the most
significant electric physiologic disturbance signals. Hence, the first electric signal
from the first electrodes provide a much stronger diaphragm signal than the second
electric signal from the second electrode. This allows filtering of the first signal by

10 the second signal to yield — with sufficient SNR — the signal component that is
indicative of a membrane potential of the thoracic diaphragm 16, from which the
EMG may be created providing the respiratory signal.

The wearable device 3 of the invention comprises, in accordance with
the embodiment illustrated in figure 3, of four ECG/EMG electrodes 19 in a 4-

15 channel configuration. From the electrodes 19, a respiratory signal is derived as
described above. The device further comprises skin-based temperature sensor 23,
providing a skin temperature measurement signal. Figure 3 shows the
configuration of the electrodes 19, 20 and sensors 23 on the belt 7. The area
between the two electrodes 19 where the temperature sensor 23 is located,

20  coincides with the right side of the baby’s torso (as seen from the baby 12) and
includes a connector 25. To the connector 25, plugs and wires may be connected to
convey the electric signals from the electrodes 19 and 20 in a wireline
configuration. In the preferred wireless configuration, the connection terminal 25

allows connection and fixing of the transmitter unit 5. As may be appreciated, the

oy |

connection terminal 25 may be placed elsewhere on the belt 7, however in the
location shown it is found to be least disturbing for the baby. On the left side area
of the baby’s body (the ultimate ends of the belt 7 in figure 3), mechanical
connection areas, e.g. cooperating Velcro areas 28 and 29, allow closing of the belt 7
around the baby’s body in an adjustable manner. As may be appreciated, other

30 solutions are available that provide an adjustable connection area. Moreover,
instead of or in addition to the size adjustable connector parts 28 and 29, elastic or

stretchable areas may be applied to fit the belt 7 to a range of different sizes.
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The electrodes 19, 20 used for ECG and derived EMG respiratory signal
are printed with Ag2Cl ink on a stretchable substrate. Important factors that were
considered are the following. The shape of the electrodes: based on
recommendations by experts it was determined that circular electrodes 19, 20 are

5  most fit for contact with the baby skin because there are no sharp corners.
However, other this is not limiting on the invention, as other shapes of electrodes
may likewise be applied. Regarding the size of the electrodes, it was found that the
size of the electrodes is not important for the signal quality. The hardware (e.g.
system 1 of figure 1) can work with high impedance (> 100k{2), e.g. hio-impedance

10 and contact impedance. However, it is important that the electrode touches the
skin. An suitable size of the electrodes is between 5mm and 10mm (depending on
the size of the belt, 5mm for XS and S, 10 mm for M and L — see figures 6a to 6d).
Regarding the position of the electrodes, the determining factors for the electrode
placement is that the sensors are located above the diaphragm muscles 16. This

15 means that they are preferably located as far as possible on the side of the body,
although electrodes placed in the area roughly underneath the arms may pick up a
strong enough signal and thus may provide an workable system. Further, as
explained, there is one common electrode positioned in the middle of the body that
is used to filter noise. Regarding the height of the electrodes, the more contact the

20  surface of the electrode has with the skin the better the signal reliability will be.
An embossed electrode that has a higher position than the textile layer is preferred
as it has more chance to be in contact with the skin.

The temperature measurement is used by the staff in the NICU to

monitor the variations of the skin temperature of the baby 12. Therefore it is more

DO
|

important that the relative changes of the skin temperature are measured than the
actual temperature, although of course both parameters will suffice. The belt 7 may
contain a temperature sensor 23 provided using an NTC chip (negative
temperature coefficient (NTC)) located above the liver 15 in the body of the baby

12. This chip may be placed on the back of the baby 12 next to the connector 25,

30  assuming that there is not a lot of tissue between the back of the baby and the
liver. As may be appreciated, the temperature or temperature change may be
measured using a different type of sensor than an NTC chip, including analog,

digital or printed sensors.
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Important properties of a preferred embodiment of the belt 7 are: the
use of skin friendly materials (biocompatible, following ISO 13485 standard),
comfortable (soft), aesthetically pleasing & friendly design (colors, illustrations),
minimal material use to allow for skin-contact between mother and baby, durable
(used for a few days in incubator), and it should provide a stable carrier 3 for a
printed electronics substrate used for carrying the electrodes 19, 20 and their
pathways 30.

Figure 4 illustrates the structure of layers of the belt 7 of wearable
device 3 in accordance with an embodiment. The belt 7 comprises layers 32, 33, 34
and 35 of synthetic non-woven textiles, that together provide the needed
functionality. The outer layer 35 may be a polypropylene textile that gives strength
to the belt 7, so that the other materials 32, 33 and 34 can be attached in the
construction. The second layer 34, a thicker textile from Viscose fibres, is used to
absorb sweat from the body and gives thickness and a soft feeling to the belt 7. The
electrodes 19 and 20 and connections 30 are printed on a substrate 33 made from
stretchable polyester which can be heat-bonded onto the Viscose layer 34. The
electrodes 19, 20 are printed using silverchloride (AgzCl) ink that can be layered to
create a 3D embossed surface that presses against the skin. Finally, a thinner
Viscose layer 32 covers the connections 30, but has openings 39, 40 to provide an
opening for the electrodes 19, 20. In alternative embodiments, a stretchable
polyurethane (PU) or thermoplastic polyurethane (TPU) may be applied instead of
or in addition to the stretchable polyester, as the stretchable material on which the
layer of conductive material is deposited for forming conductive electrodes.

Figure 5 schematically illustrates a construction of the belt 7. The two
outer layers 35 and 34 of the belt are attached together through a heat bonding
process (sealing or ultrasonic welding) to form an envelope 45 which can hold the
thicker Viscose 34 and substrate 33 with printed electronics. The belt 7 is attached
around the body of the baby through a mechanical Velcro connection 28. An elastic
arca 44 is located between the Velero connection 28 and the main part of belt 7 to
provide extra elasticity and stretch.

The wearable device 3 of the present invention may be made available
in various different sizes. For use around the body of a preterm baby, exemplary

sizes are provided herewith; although it is to be noted that the invention is not
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limited to a specific size or certain dimensions. As stated above, the wearable
device 3 may also be created to fit an adult, even though the present embodiments
are directed at the preferred use with a preterm baby.

In the embodiments suitable for use with preterm babies, four ranges of
belts 7 have been created. The size of the belt 7 depends on the size of the baby.
There are some mmportant parameters that were considered in the process (see
Table 1), the baby chest circumference (based on measurements by nurses), the
range to cover with the width of the belt (and thereby the elasticity which is
necessary), the dimension of the diameter of the electrodes on the belt, the height

of the belt, the length of the mechanical connection to close the belt.

Size Baby Chest Belt should Electrode | Belt Height | Connection
Circumference | cover width diameter Length (Velcro)
Range
XS 207 200-230 5 15 30
S 245 230-270 5 15 40
M 320 270-320 10 20 45
L 365 320-370 10 20 50

Table 1: Overview of parameters used for various sizes of the wearable device

(dimensions in millimeters).

Figure 6a to 6d show the dimensions used for different sized wearable
devices 3 for use with preterm babies. The drawings are not in proportion with the
actual dimensions, but the applied dimensions are indicated in the drawings in
millimeters. These figures are for illustrative purposes only, and the invention is
not limited to any specific size indicated. The reference numeral designate the
elements described herein above.

The present invention has been described in terms of some specific

embodiments thereof. It will be appreciated that the embodiments shown in the
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drawings and described herein are intended for illustrated purposes only and are
not by any manner or means intended to be restrictive on the invention. It is
believed that the operation and construction of the present invention will be
apparent from the foregoing description and drawings appended thereto. It will be
clear to the skilled person that the invention is not limited to any embodiment
herein described and that modifications are possible which should be constdered
within the scope of the appended claims. Also kinematic inversions are considered
inherently disclosed and to be within the scope of the invention. In the claims, any
reference signs shall not be construed as limiting the claim. The term ‘comprising'
and ‘including” when used in this description or the appended claims should not be
construed in an exclusive or exhaustive sense but rather in an inclusive sense.
Thus the expression ‘comprising’ as used herein does not exclude the presence of
other elements or steps in addition to those listed in any claim. Furthermore, the
words ‘a’ and ‘an’ shall not be construed as limited to ‘only one’, but instead are
used to mean ‘at least one’, and do not exclude a plurality. Features that are not
specifically or explicitly described or claimed may be additionally included in the
structure of the invention within its scope. Expressions such as: "means for ...”
should be read as: "component configured for ..." or "member constructed to ..." and
should be construed to include equivalents for the structures disclosed. The use of
expressions like: "critical”, "preferred”, "especially preferred" ete. is not intended to
limit the invention. Additions, deletions, and modifications within the purview of
the skilled person may generally be made without departing from the spirit and
scope of the invention, as is determined by the claims. The invention may be
practiced otherwise then as specifically described herein, and is only limited by the

appended claims.
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Claims

1. Wearable device for monitoring one or more vital signs of a human
body, the device comprising a carrier suitable for being worn around an abdominal
part of the body, and an electrode arrangement comprising a plurality of conductive
electrodes, wherein the electrodes are arranged on the carrier such as to be brought
in contact with a skin of the body in use, and wherein the electrodes are arranged
for receiving electric physiologic signals from the body for enabling monitoring of a
membrane potential of one or more muscles in the body,

wherein the electrodes comprise one or more first electrodes arranged
on the carrier such as to be in contact with a side part of a torso of the body, such
as to receive via said first electrodes a first electrical signal indicative of a
membrane potential of a thoracic diaphragm of the body;

wherein the carrier further comprises at least one second electrode in
addition to the one or more first electrodes, the at least one second electrode being
arranged on the carrier such as to be in contact with a mid front part of the
abdominal part of the body, and such as to be aligned with the one or more first
electrodes, the at least one second electrode thereby being arranged for receiving a
second electrical signal indicative of one or more further electric physiologic signals
from the body, for enabling filtering of the first electrical signal using the second
electrical signal for enabling electromyography of the thoracic diaphragm.
2. Wearable device according to claim 1, wherein at least one of the first
electrodes, the at least one second electrode, or a further electrode of the conductive
electrodes, is further arranged for receiving via said electric physiologic signals
from the body, a further electrical signal indicative of a cardiac action potential for
providing a heart rate signal.
3. Wearable device according to any one or more of claims 1 or 2, wherein
the carrier of the device comprises at least one of a belt, strap, harness or garment;
or

preferably, wherein the carrier of the device is a single belt comprised
by the device in absence of a further belt or carrier means, and wherein all of the

plurality of conductive electrodes is located on the single belt.
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4. Wearable device according to any one or more of the preceding claims,
wherein one or more of the conductive electrodes are arranged on the carrier such
as to protrude out of the carrier, for providing in use said contact between the skin
and the electrode or electrodes.

5. Wearable device according to any one or more of the preceding claims,
wherein the carrier comprises a stretchable material, and wherein one or more of
the conductive electrodes comprise a layer of conductive material deposited on the
stretchable material.

6. Wearable device according to claims 4 and 5, wherein the one or more
conductive electrodes are formed by one or more layers of silverchloride (Ag:Cl),
and wherein the stretchable material comprises a stretchable polyester, wherein
the one or more layers of silverchloride are printed onto said stretchable polyester
such as to protrude out of the carrier.

7. Wearable device according to any one or more of the preceding claims,
wherein the carrier comprises at least one sweat absorption layer, such as a layer
comprising viscose fibers.

8. Wearable device according to claims 7, wherein the sweat absorption
layer is arranged such as to cover a stretchable layer comprising the conductive
electrodes and conductive paths for conveying electric signals from the electrodes,
and wherein the sweat absorption layer comprises holes or cutout portions through
which the conductive electrodes protrude for being in contact with the skin.

9. Wearable device according to any one or more of the preceding claims,
wherein the carrier comprises an outer reinforcement layer, such as a
polypropylene textile layer.

10. Wearable device according to claims 8 and 9, wherein the carrier is a
belt, and wherein one or more layers form an envelope for enclosing the flexible
layer and the sweat absorption layer.

11. Wearable device according to any one or more of the preceding claims,
wherein the device further include at least one of a group comprising: a signal
connector element for enabling connection of conductive wires or plugs for
conveying said electric physiologic signals; a wireless transmitter for enabling
wireless communication of signals to a remote receiver; an amplifier for

amplification of said electric physiologic signals; or one or more further sensors,
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such as further conductive sensors, a temperature sensor, an optical sensor, or an
oxygen saturation (SpO2) sensor.
12. Wearable device according to any of the preceding claims, wherein the
carrier further comprises at least one element or a combination of elements of a
5  group comprising: a size adjustable connecting part, such as a part comprising a
fabric including a hooked surface arranged for adhering to a further fabrie, for
example Velcro; a size adjustable connector; a plurality of press studs; a plurality of
buttons and one or more button holes; an elastic area.
13. Wearable device according to any of the preceding claims, wherein the
10 carrier is a belt, and wherein the belt has a length within a range of 100 to 600
millimeter, preferably within a range of 100 to 500 millimeter, more preferably
within a range of 200 to 400 millimeter, such as to fit around an abdominal part of
a body of a baby.
14. Method of monitoring one or more vital signs of a human body, the
15 method comprising receiving, using a wearable device according to any of the
preceding claims, a plurality of electric physiologic signals detected using a
plurality of conductive electrodes,
wherein electric physiologic signals include at least a first signal and a
second signal, the first signal being indicative of a membrane potential of a
20  thoracic diaphragm of the body, the second electrical signal being indicative of one
or more further electric physiologic signals from the body; and
using an data processing algorithm for filtering of the first electrical
signal using the second electrical signal for detecting the membrane potential of
the thoracic diaphragm, for enabling electromyography thereof for providing a
25 respiratory signal, and optionally for additionally detecting a cardiac action
potential for providing a heart rate signal.
15. System for monitoring one or more vital signs of a human body, the
system comprising a wearable device in accordance with any of the claims 1-13,
further including a receiver for receiving electric physiologic signals detected using
30 a plurality of conductive electrodes on the wearable device, wherein the system
further comprises a processor, the processor being arranged for performing method

according to claim 14.
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