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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a vital sign
measurement system and method in the wearable tech-
nology.

BACKGROUND OF THE INVENTION

[0002] Therising trend in ageing population, increases
attention to health and well-being and growing domain
of at-home monitoring.

[0003] For example the Philips’ Biosensor patch ena-
bles continuous home monitoring of vital signs such as
ECG, heart rate, respiration rate, skin temperature and
activity. The clinical data is send to and processed by a
cloud based platform and supports the healthcare pro-
fessionals in their clinical decision making. The Biosen-
sor patch can prevent hospital readmissions by detecting
health deterioration in the home setting as early as pos-
sible.

[0004] Increase of physician and patient acceptance
of such devices, however, requires device optimization.
[0005] One of the mostimportant vital signs is the ECG
(ElectroCardioGram). The electrical activity of the heart
is sensed by monitoring electrodes placed on the skin
surface. The electrical signal is very small (normally 0.1
to 3 mV). These signals are within the frequency range
of 0.05 to 100 Hertz. Unfortunately, artefact signals of
similar frequency and often larger amplitude can reach
the skin surface and mix with the ECG signals. Artefact
signals arise from several internal and external sources.
Internal or physiologic sources of artefact are: signals
from other muscles (electromyographic signals) and sig-
nals produced in the epidermis. External or non-physio-
logic sources of artefact are: 50 Hz pickup, offset signals
produced by the electrode itself, signals produced by the
interaction of body fluids and the electrode gel, and lead
wire and patientcable problems, generalmotion artefacts
due to random body movements or bad electrode-to-skin
adhesion.

[0006] Skin (epidermis) stretching is the primary
source of movement-related artefacts in vital body signs
measurements (mainly electrical, but also optical, chem-
ical). Studies have revealed that a voltage of several mil-
livolts can be generated by stretching the epidermis, the
outer layer of the skin. Compared to the intrinsic, inherent
natural strain (skin is under pre-tension), skin surface
strains can become as high as 30-50% when skin is ex-
ternally loaded or stretched. This type of artefact is for
instance visible as large baseline shifts and recurrent
drifts inthe ECG signal occurring when the patient chang-
es positions in bed, eats or walks around. The epidermal
artefact is the most troublesome of all movement related
artefacts because it is difficult to filter electronically and
its amplitude is often larger than the ECG signal. The
most obvious solution to avoid motion related artefacts
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is doing the measurement in a ’still’ position by ensuring
thatthe patient does not move during the measurements.
This is in practice however often not possible, especially
in diseased patients suffering from Parkinson (tremor),
or when vital signs should be monitored continuously
24/7 or during exercise/sports. Therefore many attempts
have been made to correct for motion artefacts by so-
phisticated software algorithms and adaptive filtering, us-
ing multiple electrodes or additional sensing modalities
such as pressure, displacement, microphones, or optical
sensors, accelerometers, skin impedance measurement
integrated in the electrode to obtain contextual informa-
tion or to correct for skin strain induced motion artefacts
based on the detected amount of motion.

[0007] US6912414 B2 for instance discloses an elec-
trode system for reducing noise from an electronic signal,
the system including an electrode that provides the elec-
tronic signal, and a motion sensor that senses motion
and provides a motion signal. The electrode system in-
cludes a controller that determines a noise value based
on an analysis of the motion signal, and subtracts the
noise value from the electronic signal. The electrode sys-
tem can reduce or eliminate motion artefact from an elec-
tronic signal thus avoiding misdiagnosis, prolong proce-
dural duration and inappropriate treatment of a patient.
[0008] The drawback of this solution is the following:
itinvolves complicated algorithms to subtract noises from
measurement signal only after measurement of the pa-
tient.

[0009] US2014/0031895 A1 discloses an electrode ar-
ray and a deformation sensor which enables to determine
that the electrode is placed on a curved region of the
patient’s body.

[0010] US Patent 5,978,693 discloses a skin-mounted
electrode comprising a deformation gauge and an algo-
rithm for adaptive noise cancelling based on the defor-
mation signal.

[0011] US Patent5,724,984 discloses a multi-segment
electrode for producing low-noise ECG signals.

SUMMARY OF THE INVENTION

[0012] Itisanobjectofthe presentinventionto optimize
the monitoring of vital signs of a patient and reduce/min-
imize skin stretching based signal artefacts.

[0013] According to a first aspect of the invention, this
object is realized by a vital sign monitoring system. The
system comprises a segmented (and, for example,
stretchable) electrode forming an in-plane electrode ar-
ray (for example, arranged to allow for accommodating
to skin-electrode strain mismatch and strain measure-
ment), wherein the electrode comprises a skin adhering
contact layer (for example, a skin contacting adhering
layer) mounted on a skin facing side of the electrode,

a deformation sensor arranged for identifying a deforma-
tion information of the electrode and/or underlying skin,
a signal processor arranged to receive a vital sign signal
from the electrode and process the deformation informa-
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tionto remove artefacts from the vital sign signal, wherein
the segmented electrode comprises multiple electrode
segments and wherein the signal processor is arranged
to select that electrode segment that has a lowest defor-
mation of all electrode segments of the electrode.
[0014] The invention achieves the objective by select-
ing one or more electrode segments that have the lowest
(skin and/or electrode) deformation for measurement
thus selecting the signal with the least amount of artefacts
from the multi-segmented electrode. The effect of defor-
mation is therefore greatly reduced before sampling,
thereby simplifying, or even removing the need for, the
signal processing trying to compensate for the artefacts
after sampling.

[0015] In various embodiments, the signal processor
may be arranged to measure the vital sign signal using
the selected electrode segment.

[0016] In various embodiments, the electrode may
comprise either (semi-) rigid or stretchable, flexible sheet
of material arranged to support the multiple electrode
segments with respect to each other.

[0017] In various embodiments, the skin facing side of
the electrode may comprise an electrode backing mate-
rial. In various embodiments, the electrode backing ma-
terial may comprise the multiple electrode segments. In
various embodiments, the electrode may comprise either
(semi-) rigid or stretchable, flexible sheet of material as
the backing material.

[0018] A continuous measurement of skin deformation
and analyzing the local skin strain field/strain distribution
under the skin contacting electrode by the deformation
sensor allows the selection of an electrode segment with
little deformation. For example: a stretchable radially ar-
rayed electrode has one or more integrated micro-cam-
eras allowing one to track skin deformation and derive
associated strains using digital image correlation. The
micro-camera or electrode may have an additional light
source to projectrandom patterns onto the skin ora trans-
parent skin adhesive to be able to improve image corre-
lation quality. Using suitable data acquisition and image
correlations algorithms and control loops (multiplexing)
one can continuously measure local in-plane strains and
switch between electrode segments to adapt to changing
skin strain fields (body motion, or induced skin stretch-
ing), and read out electrode segments associated with
lines of non-extension (LoNE) to obtain 'deformation free’
vital sign signal.

[0019] The electrode are stick-to skin electrodes but
also other sensing electrode types (dry electrodes, textile
electrodes, wet electrode) will benefit from the proposed
deformation measurement and electrode segmentation.
A deformation (skin extension) measurement and anal-
ysis enable to always select the best segment(s) to use
toread out signals with the least amount of skin stretching
associated artefacts. This makes especially sense in
stretch critical measurements, but having many seg-
ments enables other correction and variance options. In
the preferred embodiment the electrode is radially seg-
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mented.

[0020] Radially segmented (pie-shaped) electrode ar-
rangement works particularly well to cope with skin
stretching induced artefacts. There is a physical and
mathematical reason for that, based on strain analysis
and underlying mechanical laws. Fig. 1 can be used as
a graphical representation of a 2D state of strain subject
to this invention.

[0021] The skin surface stretching is characterized by
a planar bi-directional state of strain (or stress) in a small
infinitesimal element of the electrode area or the full elec-
trode area. Such a state deformation or strain is deter-
mined by two axial strains (Ex, Ey) and a shear strain
(Exy), as shown in Fig. 1. Along the direction of so-called
principal strains (minimum and maximum strain), the con-
tribution of shear strain is zero. Due to biaxial strain state,
we have two principal strains (E1 and E2); a compressive
and a tensile one. The orientation of the principal strains
can be calculated/determined by measuring axial and
shear strains. These principal strains are orthogonally
oriented to each other but under a certain angle with re-
spect to an x-y coordinate system (or Ex and Ey). As
principal strains always cross each other there must be
directions along with skin deformation is more or less
zero. According to Oborpta and Newman, the Finite strain
ellipse (Fig. 1) can be used as a graphical representation
of a 2D state of deformation and strain. From principal
strains, one can mathematically derive associated lines
of non-extension. From the principal strain directions the
directions of non-extension can be calculated where ®
is the angle between the principal strain and LoNE direc-
tion (Fig. 1). Note that directions of non-extension only
exist if compression and tension are both present. Math-
ematically this is when E1 and E2 have opposite signs.
102 indicate the direction of two lines of non-extension
as deformed ellipse and undeformed circle intersect.
[0022] Inafurtherembodimentthe electrode form con-
centric rings. Those embodiments are advantageous as
it segments of electrode covers regions of the skin, where
virtually no deformations occurs.

[0023] Similarly to radially segmented electrode seg-
ments, concentric rings are used to be able to read out
directions of intersecting zero skin deformation (lines of
non extension; LONE) which are the result of two principal
strains.

[0024] The concept of deformation and motion of hu-
man skin states that deformations in an elastic body are
described by a strain ellipsoid or ellipse (Fig. 1), in which
a small sphere of material deforms to nearly ellipsoidal
shape under elastic deformation of the entire body. On
the surface of such an elastic body, the projected defor-
mations transform a small circle into an ellipse. Since all
points on the ellipse are derived from points on the un-
deformed circle, in general, there may be two directions
in the ellipse that are not stretched. (They may be noted
by superimposing the original circle on the deformed el-
lipse in Fig. 1) An extension and connection of these ra-
dial directions may be referred to as a mapping of the



5 EP 3 439 551 B1 6

surface of the elastic body by lines of nonextension. Skin
is a soft composite tissue with non-linear viscoelastic ma-
terial properties and responds to body movement via skin
stretching. During body movement the skin is stretched
as skin layers are firmly connected with each other and
via fascia, muscle and tendons attached to the skeleton.
Therefore it is plausible to expect that skin stretching for
example will cause changes in skin surface topography
and surface strain distribution from which signal artefact
can arise. There is no direct physical interaction between
segments and skin stretching. The number of segments
and geometry is pre-defined; though only segments as-
sociated with zero skin stretch are read out.

[0025] In afurther embodiment the electrode comprise
an skin adhering electrode layer made of hydrogel, hy-
groscopic silicone gel adhesive or other medical grade
skin adhesive such as polyurethane gel, acrylicadhesive,
hydrocolloid, and related pressure sensitive adhesive.
[0026] In afurther embodiment the electrode comprise
stretchable, flexible sheet of material. This embodiment
is advantageous as it enables detecting a skin deforma-
tion, because the electrode can accommodate for skin-
electrode strain mismatch and any deformation of the
skin will result in a deformation of the sensor material
which can be measured.

[0027] In a further embodiment each electrode seg-
ment comprises a conductive carbon-filled or conductive
ionic (i.e., soap and carbon filled) silicone rubber (elas-
tomer) and is further arranged to measure deformation
and identify deformation free electrode segments. This
embodiment is advantageous as it enables detecting a
skin deformation by additionally integrating the deforma-
tion measurement function. Conductive silicone elas-
tomer was developed by Philips and has been shown to
be very sensitive for example for pressure measurement;
therefore it may be also used as strain measurement
technology. In a further embodiment the deformation
sensor comprises a strain gauge, a fibre optic sensor or
a magnetic sensor. The deformation sensing technolo-
gies can be resistive, capacitive, optical, inductive or
magnetic. These measurement options all allow integra-
tion into the electrode.

[0028] Ina further embodiment the deformation sensor
senses the deformation in at least two dimensions.
[0029] In afurther embodimentthe processor is further
arranged to process the deformation information based
on adetermination of the Line of Non-extension (LONEs).
The concept of the Lines of Non-extension was devel-
oped by Arthur Iberall during research on the space suite.
He described the Line of Non-extension (LoNEs) as con-
tours along the human body where the skin does not
stretch.

[0030] Asitwasexplained above intersecting zero skin
deformation (lines of non extension LoNEs; there are typ-
ically 2 LoNE axes; see also Fig. 1) are the result of two
principal strains arising from a biaxial strain condition skin
is subjected to. The reason why skin has bi-axial strain
state is because skin layers are firmly connected with
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each other and via fascia, muscle, tendons attached to
the bone/skeleton. Electrode segments (electrode radi-
ally segmented and electrode form concentric rings) are
used to be able to read out electrode segments associ-
ated with lines of non extension (LoNEs) and activate
only these segments which lie on contours along the hu-
man body where the skin does not or only minimally
stretch (LoNEs).

[0031] According to a second aspect of the invention,
the objective is realized by a method for a vital sign mon-
itoring. A method comprises: identification of a deforma-
tion of an electrode comprising multiple electrode seg-
ments by a deformation sensor, selecting at least one
electrode segment that has lowest deformation of all
electrode segments, measuring a vital sign signal using
the selected electrode segment (or segments).

[0032] In various embodiments, the method may com-
prise selecting at least one electrode segment that has
lowest deformation of all electrode segments associated
with lines of non-extension, LoNEs, of the underlying soft
skin tissue.

[0033] According to a third aspect, there is provided a
vital sign monitoring system comprising a deformation
sensor configured to identify deformation of a skin ad-
hering electrode comprising multiple electrode segments
and a processor configured to select an electrode seg-
ment that has a lowest deformation of all electrode seg-
ments associated with lines of non-extension, LoNEs, of
the underlying soft skin tissue and measure a vital sign
signal using the selected electrode segment.

[0034] According to a fourth aspect, there is a method
of operating a vital sign monitoring system that comprises
a segmented electrode forming an in-plane electrode ar-
ray. The electrode comprises a skin adhering contact lay-
er mounted on a skin facing side of the electrode. The
method comprises identifying deformation information of
the electrode, receiving a vital sign signal from the elec-
trode and processing the deformation information to re-
move artefacts from the vital sign signal. The segmented
electrode comprises multiple electrode segments. The
method also comprises selecting the electrode segment
that has a lowest deformation of all electrode segments
of the electrode.

[0035] In various embodiments, the signal processor
may be arranged to measure the vital sign signal using
the selected electrode segment.

[0036] In various embodiments, the electrode may
comprise either (semi-) rigid or stretchable, flexible sheet
of material arranged to support the multiple electrode
segments with respect to each other.

[0037] In various embodiments, the skin facing side of
the electrode may comprise an electrode backing mate-
rial. In various embodiments, the electrode backing ma-
terial may comprise the multiple electrode segments. In
various embodiments, the electrode may comprise either
(semi-) rigid or stretchable, flexible sheet of material as
the backing material.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0038] In the drawings, similar reference characters
generally refer to the same parts throughout different
views. Also, the drawings are not necessarily to scale,
with the emphasis instead generally being placed upon
illustrating the principles of the invention.

Fig. 1 shows a graphical representation of a 2D de-
formation state, based on the Finite Strain Ellipse
method according to Obropta and Newman.

Fig. 2 shows aradially segmented (stretchable) elec-
trode array and indicated example segments asso-
ciated with Lines of Non-Extension.

Fig. 3a shows a radially segmented sensor array
having strain gauges incorporated therein.

Fig. 3b shows a cross section of the electrode ac-
cording to the invention.

Fig. 4 shows a vital sign measurement system.

Fig. 5 shows a schematic representation of a method
according to the present invention.

Fig. 6 shows a segmented (stretchable) electrode
array electrode with longitudinal segments and a
chessboard pattern.

Fig. 7 shows a segmented (stretchable) electrode
array, wherein electrode segments are concentric
rings.

DETAILED DESCRIPTION OF EMBODIMENTS

[0039] Certain embodiments will now be described in
greater details with reference to the accompanying draw-
ings. In the following description, like drawing reference
numerals are used for like elements, even in different
drawings. The matters defined in the description, such
as detailed construction and elements, are provided to
assist in a comprehensive understanding of the exem-
plary embodiments. In addition, well-known functions or
constructions are not described in detail since they would
obscure the embodiments with unnecessary detail.
Moreover, expressions such as "at least one of’, when
preceding a list of elements, modify the entire list of ele-
ments and do not modify the individual elements of the
list.

[0040] Fig. 2 shows a radially segmented electrode
sensor and two Lines of No Extension. In this example,
an electrode 100 comprises 16 multiple radially arrayed
electrode segments, whereas segments 101 indicate
skin stretching affected ('deformed’) and 103 skin stretch-
ing unaffected (‘'undeformed’) segments (Fig. 2).
[0041] Although the human skin is stretched during
body motion, there is virtually no stretch along the Lines
of Non-extension (LoNEs) 102.

[0042] Since the human body tends to retain its form,
taking no appreciable 'set’ after ordinary body deforma-
tions, its behavior is expected to conform to the laws of
physical elasticity. Deformations in an elastic body can
be described by the strain ellipsoid, in which a small
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sphere of material deforms to nearly ellipsoidal shape
under elastic deformation of the entire body. On the sur-
face of such an elastic body, the projected deformations
transform a small circle into an ellipse. Since all points
on the ellipse are derived from points on the undeformed
circle, in general, there may be two directions in the el-
lipse that are not stretched (They may be noted by su-
perimposing the original circle on the deformed ellipse.)
An extension and connection of these radial directions
may be referred to as a mapping of the surface of the
elastic body by lines of non-extension.

[0043] During a measurement, electrode segments
103 will experience little or no deformation as they are
positioned along the Line of no extension 102 and the
system will thus identify these as electrode segments
that have a low deformation of all electrode segments
and underlying skin. The electrode segment with the low-
est deformation is subsequently selected by the system
to obtain an optimised skin-stretching artefact removed
vital sign signal.

[0044] Radially segmented electrode arrangement
works particularly as they allow for greatest flexibility to
read-out of segments associated with zero stretch
(NoLE), because the angle between principal strains is
normally unknown (and not constant throughout the skin
or body) and needs to be measured for example with
strain gauges. In a segmented electrode with longitudinal
segments and a chessboard pattern (Fig. 6) only one
read-out along one-line (one zero strain direction) would
be accurate. In this case, the electrode does not need to
be a of circle sector shape (radially arrayed) but can be
designed also in other ways having straight lateral seg-
ments throughout the circle area.

[0045] Fig. 3 (a and b) depicts a radially segmented
sensor having strain gauges incorporated therein. An
electrode 100 comprises a stretchable radially segment-
ed electrode with 8 segments 101(103) and a strain
gauge sensor 202. The skin adhering electrode layer
(100) is placed on the skin (200) of the patient and is
maintained on the skin with an skin adhering electrode
layer 201 as shown in Fig. 3b. The ideal electrode ma-
terial (and encapsulation material of the strain gauge) is
made of an elastic material to conform to the skin and
matching the skin properties, i.e. one resembling the me-
chanical viscoelastic material behavior of skin. This can
be for example a conductive ionic silicone membrane
electrode onto which strain gauges are mounted to meas-
ure strains. Using suitable data acquisition and software
algorithms and control loops (multiplexing) one can con-
tinuously measure strain indicated by the various strain
gages and switch the measurement between electrode
segments to adapt to changing skin deformations caused
by (body motion, and read out that electrode segment
where the lines of non-extension result in the least
amount of deformation and thus a vital sign signal with
the lowest amount of artefacts caused by skin deforma-
tion). Strain gauges 202 (202a, 202b, 202c) are placed
on top of the stretchable electrode 101 (103). In a variant
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of this embodiment, the segments themselves can be
used as strain (deformation) measurement system as a
stretchable conductive carbon-filled silicone rubber
(elastomer) is used as an electrode material so separate
strain gauges or other deformation measurements
means are no longer needed. In another variant of this
embodiment, an array of meander-structure metal wires
can be integrated in the bulk of the electrode and used
as strain sensor.

[0046] There are at least 3 individual (separate) strain
gauges 202a, 202b, 202c: two of the strain gauges
should be placed at a 90 degree angle to each other as
two orthogonal strains such as Ex and Ey should be
measured. The third one can be chosen randomly as it
measures a shear strain. If a rosette strain gauge is used,
standardized configurations are chosen.

[0047] In Fig. 3b a cross section of the electrode ac-
cording to the invention is shown. In this embodiment,
strain gauges 202 are placed on top of the stretchable
electrode 101(103). The skin adhering electrode layer
(100) is placed on the skin (200) of the patient and is
maintained on the skin with an adhesive 201.

[0048] Fig. 4 depicts a vital sign measurement system
showing a conceptual schematic describing the spatial
selection of stretchable electrode segments 101 (103).
As shown in this example, the system 100 contains 16
electrode segments 101. Each segment 101 is connect-
ed to an analog multiplexer 305 which is controlled by a
processor 303 (typically a microcontroller). The proces-
sor 303 selects electrode segments 101 that are being
measured by the read out electronics 306. The read out
electronics comprises for instance sampling unit, ampli-
fication unit, and analog-to-digital conversion unit. The
processor 303 estimates the deformation level applied
to each electrode based on the deformation measure-
ments obtained from the strain gauges 202 that are
shown separately in Fig. 4 for clarity reasons but are ac-
tually as explained in Fig. 3, part of the electrode sensor
100. The electrode segment selection is then based on
this estimation. The processor 303 can for example se-
lect each electrode showing a strain lower than a certain
threshold value or selectthe one segment with the lowest
deformation associated. The specificand number of elec-
trode segments that are being selected can vary over
time based on the deformation level variations that are
being measured. The wearable device is therefore adapt-
ing its measurements based on the specific body move-
ment.

[0049] If the deformation on each electrode segment
101 is unknown, it may still be possible to determine
which of the segments are reporting reliable information
based upon the fact that there are 2 LoNE axes. For this
reason, if a sufficiently dense mesh of radial electrodes
is defined (must be radially spaced by at most half the
closest angle between 2 LoNE axes), then there should
be 2 sets of radial electrode segments which qualitatively
show the same or similar skin stretching artefact reduced
biosginal output (all others should show deviating re-
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sults). In addition, analysis may allow identification of an
artefact as it is a component of the signal and varies from
segment to segment, reaching a minimum in one of the
electrode segments. The electrode segments thus found
can be defined as the correct measurement. Again, cri-
teria can be defined to reject measurements in situations
where either difference between any 2 measurements
exceeds a certain threshold or radial electrodes with the
same result are too close together to form the 2 LoNE
axes (i.e. if 2 adjacent electrodes indicate the same val-
ue).

[0050] In addition a calibration could be performed
where the patient is asked to move through a series of
motions while observing the resulting artefacts and iden-
tifying for the applied sensor which electrode segments
are positioned at a Line of No Extension.

[0051] In a further embodiment, concentric rings of
electrode segments (Fig. 7) are used in order to account
for non-uniform strains. For example, the smaller the
electrode segment (inner ring 103) the more likely that
an area of low strain may be measured, however at a
lower signal accuracy. A larger electrode segment deliv-
ers higher quality measurement but of course with a high-
er chance of artefacts introduced by deformation. Again,
comparisons between smaller (103) and larger (101)
electrode ring segments can considered.

[0052] Another embodiment of a vital sign monitoring
system according to the present invention is a combina-
tion of the deformation measurement for example using
a strain gauge with electrode segments output signals to
make the identification of zero-stretch electrode seg-
ments more robust/reliable. An alternative to this embod-
iment is to exclude electrode segments with signal levels
above a certain threshold (i.e. above typical physiological
signal levels). This processing step should be applied
after having filtered out common-mode interferences
(e.g. 50/60Hz).

[0053] The method according to the invention is de-
picted in Fig. 5. Specifically, in Fig. 5a after beginning of
the vital sign measurement in step 401 by the vital sign
monitoring system, the next step 402 is the identification
of adeformation of an electrode comprising multiple elec-
trode segments by the system using a deformation sen-
sor. Then in step 403 the system selects that electrode
segment that has a lowest deformation of all the seg-
ments of that electrode and using the selected electrode
segment start measuring a vital sign signal of the patient
(404). Then subsequently the vital sign signal of the pa-
tient is stored (405). Fig. 5b shows alternative version of
method according to invention. A loop from step 405 back
to step 402 so that the deformation information is again
obtained and the selection changed if another electrode
segment turns out to be more optimal.

[0054] While several inventive embodiments have
been described and illustrated herein, those of ordinary
skill in the art will readily envision a variation of other
means and/or structures for performing the function
and/or obtaining the results and/or one or more of the
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advantages described herein, and each of such varia-
tions and/or modifications is deemed to be within the
scope of the inventive embodiments described herein.
More generally, those skilled in the art will readily appre-
ciate that all parameters, dimensions, materials, and con-
figurations described herein are meant to be exemplary
and that the actual parameters, dimensions, materials,
and/or configurations will depend upon the specific ap-
plication or applications for which the inventive teachings
is/are used. Those skilled in the art will recognize, or be
able to ascertain using no more than routine experimen-
tation, many equivalents to the specific inventive embod-
iments described herein. ltis, therefore, to be understood
that the foregoing embodiments are presented by way
of example only and that, within the scope of the append-
ed claims and equivalents thereto, inventive embodi-
ments may be practiced otherwise than as specifically
described and claimed. Inventive embodiments of the
presentdisclosure are directed to each individualfeature,
system, article, material, kit, and/or method described
herein. In addition, any combination of two or more such
features, systems, articles, materials, kits, and/or meth-
ods, if such features, systems, articles, materials, kits,
and/or methods are not mutually inconsistent, is included
within the inventive scope of the present disclosure.
[0055] It should also be understood that, unless clearly
indicated to the contrary, in any methods claimed herein
that include more than one step or act, the order of the
steps or acts of the method is not necessarily limited to
the order in which the steps or acts of the method are
recited. Also, reference numerals appearing in the claims
in parentheses are provided merely for convenience and
should not be viewed as limiting in any way.

Claims
1. A vital sign monitoring system comprising:

a segmented electrode (100) forming an in-
plane electrode array, wherein the electrode
comprises a skin adhering contact layer mount-
ed on a skin facing side of the electrode, and
wherein the segmented electrode comprises
multiple electrode segments (101, 103);

a deformation sensor (202) arranged for identi-
fying deformation information of the electrode;
and

a signal processor (303) arranged to receive a
vital sign signal from the electrode and process
the deformation information to remove artefacts
from the vital sign signal; characterised in that
the signal processor is arranged to select that
electrode segment that has a lowest deforma-
tion of all electrode segments of the electrode
and measure the vital sign signal using the se-
lected electrode segment.
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2. The system of claim 1, wherein the electrode is ra-
dially segmented.

3. The system of claim 1 or 2, wherein the electrode
segments form concentric rings.

4. The system of any of claims 1 to 3, wherein the elec-
trode comprise a skin adhering electrode layer made
of hydrogel, hygroscopic silicone gel adhesive oroth-
er medical grade skin adhesive such as poly-
urethane gel, acrylic adhesive, hydrocolloid, and re-
lated pressure sensitive adhesive.

5. The system of any of claims 1 to 4, wherein the elec-
trode comprises either (semi-) rigid or stretchable,
flexible sheet of material arranged to support the
multiple electrode segments with respect to each
other.

6. The system of any of claims 1 to 5, wherein each of
the electrode segments comprise conductive car-
bon-filled silicone rubber (elastomer) and is further
arranged for identifying the deformation information.

7. The system of any of claims 1 to 6, wherein the de-
formation sensor comprises:
a strain gauge, a fibre optic sensor, a magnetic sen-
sor, or a micro-camera.

8. The system of any of claims 1 to 7, wherein the de-
formation sensor senses the deformation in at least
two dimensions.

9. The system of any of claims 1 to 8, wherein the proc-
essor is further arranged to process the deformation
information based on a determination of the Lines of
Non-extension (LoNEs).

10. A method for a vital sign monitoring comprising:

identification of a deformation of a skin adhering
electrode (100) comprising multiple electrode
segments (101, 103) by a deformation sensor
(202);

selecting an electrode segmentthat has alowest
deformation of all electrode segments associat-
ed with lines of non-extension, LoNEs, of the
underlying soft skin tissue; and

measuring a vital sign signal using the selected
electrode segment.

11. The method of claim 10, wherein the electrode com-
prise stretchable, flexible sheet of material.

12. The method of claim 10 or 11, wherein the electrode
is radially segmented.

13. The method of claim 10, 11 or 12, wherein the elec-
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trode comprises concentric rings of electrode seg-
ments.

The method of claim 10, 11, 12 or 13, wherein the
electrode comprises longitudinally arranged seg-
ments or segments forming a chessboard pattern.

Patentanspriiche

1.

System zur Lebenszeichenliberwachung, umfas-
send:

eine segmentierte Elektrode (100), die ein Elek-
trodesfeld in einer Ebene bildet, wobei die Elek-
trode eine an der Haut anhaftende Kontakt-
schicht umfasst, die an einer zur Haut zeigenden
Seite der Elektrode montiert ist, und wobei die
segmentierte Elektrode mehrfache Elektroden-
segmente (101, 103) umfasst;

einen Verformungssensor (202), der angeord-
net ist zum Erkennen von Verformungsinforma-
tionen der Elektrode; und

einen Signalprozessor (303), der angeordnet
ist, um ein Lebenszeichen von der Elektrode zu
empfangen und die Verformungsinformationen
zu verarbeiten, um Artefakte aus dem Lebens-
zeichensignal zu entfernen;

dadurch gekennzeichnet, dass

der Signalprozessor angeordnet ist, um das
Elektrodensegment auszuwahlen, das eine ge-
ringste Verformung von allen Elektrodenseg-
menten der Elektrode aufweist, und um das Le-
benszeichensignal unter Verwendung des aus-
gewahlten Elektrodensegments zu messen.

System nach Anspruch 1, wobei die Elektrode radial
segmentiert ist.

System nach Anspruch 1 oder 2, wobei die Elektro-
densegmente konzentrische Ringe bilden.

System nach einem der Anspriiche 1 bis 3, wobei
die Elektrode eine an der Haut anhaftende Elektro-
denschicht umfasst, die aus Hydrogel, Haftmittel mit
hygroskopischem Silikongel oder einem anderen
Hauthaftkleber von medizinischer Qualitat, wie Po-
lyurethangel, Acrylhaftmittel, Hydrokolloid und ver-
bundenen druckempfindlichen Haftmitteln herge-
stellt ist.

System nach einem der Anspriiche 1 bis 4, wobei
die Elektrode entweder eine (halb-)starre oder eine
dehnbare, flexible Materiallage umfasst, die ange-
ordnet ist, um die mehrfachen Elektrodensegmente
im Verhaltnis untereinander zu stlitzen.

System nach einem der Anspriiche 1 bis 5, wobei
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12.

13.
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jedes der Elekirodensegmente leitenden, mit Koh-
lenstoff gefiillten Silikonkautschuk (Elastomer) um-
fasst und weiter angeordnet ist zum Erkennen der
Verformungsinformationen.

System nach einem der Anspriiche 1 bis 6, wobei
der Verformungssensor umfasst:

einen Dehnungsmesser, einen faseroptischen Sen-
sor, einen magnetischen Sensor oder eine Mikroka-
mera.

System nach einem der Anspriiche 1 bis 7, wobei
der Verformungssensor die Verformung in mindes-
tens zwei Dimensionen erfasst.

System nach einem der Anspriiche 1 bis 8, wobei
der Prozessor weiter angeordnet ist, um die Verfor-
mungsinformationen auf der Grundlage einer Be-
stimmung von Linien ohne Ausdehnung (LoNEs) zu
verarbeiten.

Verfahren fiir eine Lebenszeicheniberwachung,
umfassend:

Erkennen einer Verformung einer an der Haut
anhaftenden Elektrode (100), die mehrfache
Elektrodensegmente (101, 103) umfasst, durch
einen Verformungssensor (202);

Auswahle eines Elektrodensegments, das ver-
bunden mit Linien ohne Ausdehnung, LoNEs,
des darunter liegenden weichen Hautgewebes
eine geringste Verformung von allen Elektro-
densegmente aufweist; und

Messen eines Lebenszeichensignals unter Ver-
wendung des ausgewahlten Elektrodenseg-
ments.

Verfahren nach Anspruch 10, wobei die Elektrode
eine dehnbare flexible Materiallage umfasst.

Verfahren nach Anspruch 10 oder 11, wobei die
Elektrode radial segmentiert ist.

Verfahren nach Anspruch 10, 11 oder 12, wobei
Elektrode konzentrische Ringe von Elektrodenseg-
menten umfasst.

Verfahren nach Anspruch 10, 11, 12 oder 13, wobei
die Elektrode langs angeordnete Segmente oder
Segmente, die ein Schachbrettmuster bilden, um-
fasst.

Revendications

1.

Systéme de surveillance de vitaux

comprenant :

signes
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une électrode segmentée (100) formant un ré-
seau d’électrodes dans le plan, dans lequel
I'électrode comprend une couche de contact ad-
hérant a la peau montée sur un cété de I'élec-
trode faisantface ala peau, et dans lequel I'élec-
trode segmentée comprend de multiples seg-
ments d’électrode (101, 103) ;

un capteur de déformation (202) agencé pour
identifier des informations de déformation de
I'électrode ; et

un processeur de signal (303) agencé pour re-
cevoir un signal de signe vital en provenance de
I'électrode et traiter les informations de défor-
mation afin de retirer les artefacts du signal de
signe vital ;

caractérisé en ce que le processeur de signal
est agencé pour sélectionner le segment d’élec-
trode qui a une déformation la plus faible de tous
les segments d’électrode de I'électrode et me-
surer le signal de signe vital a I'aide du segment
d’électrode sélectionné.

Systeme selon la revendication 1, dans lequel I'élec-
trode est radialement segmentée.

Systeme selon la revendication 1 ou 2, dans lequel
les segments d’électrode forment des anneaux con-
centriques.

Systeme selon I'une quelconque des revendications
1 a 3, dans lequel I'électrode comprend une couche
d’électrode adhérant a la peau composée d’hydro-
gel, d’adhésif de gel silicone hygroscopique ou autre
adhésif cutané de qualité médicale tel que du gel
polyuréthane, un adhésif acrylique, de I'hydrocolloi-
de et un adhésif sensible a la pression associé.

Systeme selon I'une quelconque des revendications
1 a 4, dans lequel I'électrode comprend une feuille
de matériau flexible (semi-) rigide ou étirable agen-
cée pour supporter les multiples segments d’élec-
trode les uns par rapport aux autres.

Systeme selon I'une quelconque des revendications
1 a5, dans lequel chacun des segments d’électrode
comprend du caoutchouc de silicone rempli de car-
bone conducteur (élastomeére) et est en outre agen-
cé pour identifier les informations de déformation.

Systeme selon I'une quelconque des revendications
1 a 6, dans lequel le capteur de déformation
comprend :

une jauge de contrainte, un capteur afibres optiques,
un capteur magnétique ou une micro-cameéra.

Systeme selon I'une quelconque des revendications
1a7, dans lequel le capteur de déformation détecte
la déformation dans au moins deux dimensions.
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1.

12.

13.

14.

Systéme selon I'une quelconque des revendications
1 a8, dans lequel le processeur est en outre agencé
pour traiter les informations de déformation sur la
base d’une détermination des Lignes de Non-exten-
sion (LoNEs).

Procédé pour une surveillance de signes vitaux
comprenant :

I'identification d’'une déformation d’une électro-
de adhérantala peau (100) comprenant de mul-
tiples segments d’électrode (101, 103) par un
capteur de déformation (202) ;

la sélection d’un segment d’électrode qui a une
déformation la plus faible de tous les segments
d’électrode associé a des lignes de non-exten-
sion, LoNEs, du tissu de peau molle sous-
jacent ; et

la mesure d’un signal de signe vital a I'aide du
segment d’électrode sélectionné.

Procédé selon la revendication 10, dans lequel
I’électrode comprend une feuille de matériau flexible
étirable.

Procédé selon larevendication 10 ou 11, dans lequel
I’électrode est radialement segmentée.

Procédé selon la revendication 10, 11 ou 12, dans
lequel I'électrode comprend des anneaux concentri-
ques de segments d’électrode.

Procédé selon la revendication 10, 11, 12 ou 13,
dans lequel I'électrode comprend des segments
agenceés longitudinalement ou segments formant un
motif d’échiquier.
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