
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

23
1 

35
7

B
1

TEPZZ¥ ¥_¥57B_T
(11) EP 3 231 357 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
03.04.2019 Bulletin 2019/14

(21) Application number: 17154739.1

(22) Date of filing: 06.02.2017

(51) Int Cl.:
A61B 5/00 (2006.01) A61B 5/0245 (2006.01)

A61B 5/0408 (2006.01)

(54) EMI PROTECTION FOR PHYSIOLOGICAL MEASUREMENTS

EMI-SCHUTZ FÜR PHYSIOLOGISCHE MESSUNGEN

PROTECTION CONTRE LES INTERFÉRENCES ÉLECTROMAGNÉTIQUES POUR MESURES 
PHYSIOLOGIQUES

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(43) Date of publication of application: 
18.10.2017 Bulletin 2017/42

(73) Proprietor: Polar Electro Oy
90440 Kempele (FI)

(72) Inventors:  
• Korkala, Seppo

90440 Kempele (FI)

• Lämsä, Kaisa
90440 Kempele (FI)

• Pekonen, Elias
90440 Kempele (FI)

(74) Representative: Kolster Oy Ab
(Salmisaarenaukio 1) 
P.O. Box 204
00181 Helsinki (FI)

(56) References cited:  
EP-A1- 2 057 943 US-A- 4 478 225
US-B1- 6 453 186  



EP 3 231 357 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNICAL FIELD

[0001] The present invention relates to a field of phys-
iological or biometric measurements and, in particular,
protecting a measurement component against electro-
magnetic interference.

TECHNICAL BACKGROUND

[0002] Electrodes, signal lines and such components
of a measurement circuitry are susceptible to electro-
magnetic interference (EMI). EMI typically corrupts a
measurement signal such as an electrocardiogram or a
bioimpedance signal and degrades measurement accu-
racy. Protection against EMI is advantageous.
[0003] EP 2 057 943 discloses a protective electrode
structure that comprises a middle protective electrode
which resides between an outer protective electrode and
the skin electrodes during a measurement. The middle
protective electrode and the outer protective electrode
are insulated from each other. Additionally, the middle
protective electrode may be coupled to a virtual ground
of the user-specific performance monitor system.

BRIEF DESCRIPTION

[0004] The present invention is defined by the subject
matter of the independent claims.
[0005] Embodiments are defined in the dependent
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] In the following the invention will be described
in greater detail by means of preferred embodiments with
reference to the attached [accompanying] drawings, in
which

Figure 1 illustrates an apparel comprising a meas-
urement circuitry;
Figures 2A and 2B illustrate an embodiment of
shielding elements for providing electromagnetic in-
terference (EMI) shielding for the measurement cir-
cuitry;
Figures 2C and 2D illustrate another configuration
of the shielding elements of Figures 2A and 2B;
Figures 3A to 3D illustrate another embodiment of
shielding elements for providing EMI shielding for
the measurement circuitry;
Figures 3C and 3D illustrate another configuration
of the shielding elements of Figures 3A and 3B;
Figure 4A and 4B illustrate an embodiment where
the EMI shielding is formed by interlacing comb-
shaped shielding elements;
Figures 4C and 4D illustrate another configuration
of the shielding elements of Figures 4A and 4B;

Figures 5A and 5B illustrate an embodiment where
the EMI shielding is formed by intertwining hook-
shaped shielding elements;
Figures 5C and 5D illustrate another configuration
of the shielding element of Figures 5A and 5B;
Figure 6 illustrates a perspective view of an embod-
iment of the comb-shaped shielding elements;
Figure 7 illustrates an embodiment where the EMI
shielding elements form a mesh structure;
Figure 8 illustrates an embodiment where two layers
of EMI shielding is provided;
Figure 9 illustrates an embodiment for providing EMI
shielding for a signal line in the form of stitched EMI
thread; and
Figure 10 illustrates a process for producing the EMI
shielding of Figure 9 according to an embodiment of
the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0007] The following embodiments are exemplifying.
Although the specification may refer to "an", "one", or
"some" embodiment(s) in several locations of the text,
this does not necessarily mean that each reference is
made to the same embodiment(s), or that a particular
feature only applies to a single embodiment. Single fea-
tures of different embodiments may also be combined to
provide other embodiments.
[0008] Figure 1 illustrates an example of an apparatus
to which embodiments of the invention may be applied.
The apparatus may comprise a measurement circuitry
or a part of a measurement circuitry configured to carry
out electric physiological measurements such as meas-
uring an electrocardiogram (ECG), electroencephalog-
raphyelectromuography (EMG), amperometry, bioim-
pedance. The apparatus may comprise a first layer com-
prising at least a first measurement electrode 102 and a
second measurement electrode 104 disposed at a dis-
tance from one another, wherein the first measurement
electrode 102 and second measurement electrode 104
are skin electrodes configured to measure an electric
physiological property from a user’s 120 skin. The first
layer is also denoted as an electrode layer in the descrip-
tion below. The first layer may be considered as a layer
that is designed to contact the skin and it may form a
bottom layer of the apparatus. Other layers may be pro-
vided on top of the first layer.
[0009] In an embodiment, the apparatus is or is com-
prised in an article of clothing, an apparel, or a garment
such as a shirt 100. In another embodiment, the appa-
ratus is or is comprised in a strap or another fixing struc-
ture that attaches the measurement electrodes 102, 104
to the skin.
[0010] The apparatus may further comprise a signal
processing circuitry 110 provided in a casing. The signal
processing circuitry 110 may be configured to process
electric signals acquired from the skin by the electrodes
102, 104. The signal processing circuitry 110 may com-
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prise a differential amplifier, a filter, an analog-to-digital
(A/D) converter, and a digital signal processor. The cas-
ing may further house a wireless communication circuitry
operating according to Bluetooth specifications, for ex-
ample. The signal processing circuitry may use the wire-
less communication circuitry to wirelessly transmit proc-
essed measurement signals to another apparatus.
[0011] The apparatus may further comprise signal
lines 106, 108 that connect the measurement electrodes
102, 104 to the signal processing circuitry 110. The signal
processing circuitry 110 may be provided in a casing that
has a shielding element against electromagnetic inter-
ference (EMI) radiating or induced from one or more
sources outside the user’s body. The measurement elec-
trodes 102, 104 and the signal lines 106, 108 are, on the
other hand, vulnerable to the EMI.
[0012] Embodiments of the invention provide the ap-
paratus with a second layer 112 disposed on top of the
first layer and comprising: a first shielding element which
is electrically conductive and arranged to cover at least
partially both the first measurement electrode 102 and
second measurement electrode 104 so as to protect the
first measurement electrode 102 and second measure-
ment electrode 104 against the EMI, wherein the first
shielding element is connected to a skin electrode; and
a second shielding element which is electrically conduc-
tive, and arranged to cover at least partially both the first
measurement electrode 102 and second measurement
electrode 104 so as to protect the first measurement elec-
trode 102 and second measurement electrode 104
against the EMI, wherein the second shielding element
is connected to a skin electrode different from the skin
electrode to which the first shielding element is connect-
ed. The first shielding element and the second shielding
element extend adjacent with respect to one another be-
tween the first measurement electrode 102 and the sec-
ond measurement electrode 104 on a plane defined by
the second layer. The second shielding element is elec-
trically isolated from the first shielding element.
[0013] By arranging each of the shielding elements to
protect both measurement electrodes 102, 104 and in
such a manner that shielding elements extend adjacent
with respect to one another between measurement elec-
trodes 102, 104 provides a technical effect where each
shielding element absorbs EMI that affects each meas-
urement electrode 102, 104 such that both shielding el-
ements experience the same or similar EMI characteris-
tics. In other words, the shielding elements absorb the
EMI in a substantially similar manner. This reduces or
eliminates a differential EMI component that could oth-
erwise reach the signal processing circuitry 110. Com-
mon mode filtering employed by the signal processing
circuitry 110 may then eliminate any residual EMI reach-
ing the signal processing circuitry 110.
[0014] On the other hand, isolating the two shielding
elements from one another eliminates differential inter-
ference components arising from poor or varying skin
contacts between the skin electrodes and the skin. The

skin contact may vary during an exercise such as running,
for example. Since each shielding element is "open-end-
ed" when viewed from the skin electrode towards the
shielding element, a signal modulated by electrical charg-
es from the skin (a body potential) cannot cause a current
through the shielding element and a differential interfer-
ence component to the measurement electrodes.
[0015] In an embodiment, the skin electrodes ground
the EMI absorbed by the shielding elements.
[0016] In an embodiment, the shielding elements are
arranged at a proximity of both measurement electrodes.
The proximity between the shielding element and the
measurement electrodes may be defined such that the
shielding element is provided so close to the measure-
ment electrodes that it is capable of absorbing EMI that
would otherwise be induced to the measurement elec-
trodes. In some embodiments, the shielding element may
be arranged on top of the measurement electrodes con-
trary to other examples where the shielding element may
be arranged at the proximity with the measurement elec-
trodes such that it is not on top of at least one of the
measurement electrodes but still close enough to protect
the at least one of the measurement electrodes against
the EMI.
[0017] As disclosed in the embodiments below, the
shielding elements extend adjacent with respect to one
another between the first measurement electrode 102
and the second measurement electrode such that the
shielding elements are arranged to extend in parallel at
a section of the second layer that is between the meas-
urement electrodes, when viewed from a top or bottom
(see Figures 2A, 3A, 4A, 5A). From another perspective,
the shielding elements extend adjacent with respect to
one another between the first measurement electrode
102 and the second measurement electrode such that
the shielding elements are arranged to extend in parallel
at a section of the second layer that is between the meas-
urement electrodes, when viewed from a source of the
EMI. The source of the EMI is typically outside the user’s
skin and radiates EMI towards the user’s skin to which
the apparatus is positioned in use. In use, the first and
second layer may be aligned with the skin. In such a
case, the source of the EMI may be considered as a point
that is at a distance from the plane formed by the skin as
well as the first and second layer.
[0018] In some applications, it may not be necessary
to arrange the shielding elements to extend as adjacent
with respect to one another. For example, if the elec-
trodes and the shielding elements are arranged in an
apparel and the EMI characteristics are substantially sim-
ilar in a large area of the apparel, e.g. on a front side of
a shirt, the shielding elements may travel between the
measurement electrodes via substantially different
routes such that they do not extend as adjacent with re-
spect to one another.
[0019] Let us now describe some embodiments for ar-
ranging the shielding elements. Figures 2A and 2B illus-
trate an embodiment where the shielding elements 200,
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202 are each formed by a signal line forming a loop. The
signal line 200 is connected to the measurement elec-
trode 102 at both ends, and the signal line 202 is con-
nected to the measurement electrode 104 at both ends.
The signal line 200 may first extend vertically from the
first measurement electrode 102 on the electrode layer
210 to the second layer now called an EMI layer 112 and
then horizontally from a position of the first measurement
electrode 102 towards the second measurement elec-
trode 104. At a proximity of the second measurement
electrode 104 in an example or above the second meas-
urement electrode 104 in an embodiment, the signal line
200 takes a U-turn and extends back towards the first
measurement electrode and, on top of the first measure-
ment electrode 102, the signal line may extend vertically
to connect to the first measurement electrode 102. In a
similar manner, the signal line 202 may first extend ver-
tically from the second measurement electrode 102 on
the electrode layer 210 to the EMI layer 112 and then
horizontally, adjacent to the signal line 200, from a posi-
tion of the second measurement electrode 104 towards
the first measurement electrode 102. At a proximity of
the first measurement electrode 102 in an example or
above the first measurement electrode 102 in an embod-
iment, the signal line 202 takes a U-turn and extends
back towards the first measurement electrode and, on
top of the first measurement electrode 102, the signal
line 202 may extend vertically to connect to the second
measurement electrode 104. In this embodiment, the sig-
nal lines 200, 202 extend to opposite directions on the
same plane defined by the EMI layer 112 as adjacent to
one another.
[0020] Figure 2B illustrates a side view of Figure 2A.
A lining indicates an area where the signal lines 200, 202
overlap from this viewpoint. Figure 2B also illustrates how
the signal lines 200, 202 extend vertically between the
layers 210, 112 and connect to the respective measure-
ment electrodes 102, 104.
[0021] In the embodiment of Figures 2A and 2B, the
shielding elements 200, 202 are connected to the meas-
urement electrodes 102, 104. Figures 2C and 2D illus-
trate an embodiment where the skin electrodes 220, 222
to which the shielding elements 200, 202 connect are
other skin electrodes, e.g. grounding electrodes. In this
embodiment, the measurement electrodes 102, 104 may
be provided such that both shielding elements 200, 202
cover both measurement electrodes 102, 104. For ex-
ample, the measurement electrodes 102, 104 may be
provided between the grounding electrodes 220, 222. In
another embodiment, the grounding electrodes 220, 222
are disposed between the measurement electrodes 102,
104, and the shielding elements 200, 202 may extend to
over the grounding electrodes 220, 222 to cover the
measurement electrodes at least partly. The grounding
electrodes 220, 222 may be provided on the electrode
layer 210.
[0022] Figures 3A to 3D illustrate an embodiment
where the shielding elements are formed by open-ended

strips or signal lines extending from a skin electrode. Re-
ferring to Figures 3A and 3B, each shielding element 300,
302 may comprise a plurality of open-ended strips or sig-
nal lines extending from a respective measurement elec-
trode 102, 104. The signal lines of the shielding element
300 may extend from the measurement electrode 102
and from the electrode layer 210 to the EMI layer 112
and then on the EMI layer 112 towards the second meas-
urement electrode 104. The signal lines may extend to
the proximity of the second measurement electrode 104
in an example or over the second measurement elec-
trode 104 in an embodiment so as to protect both meas-
urement electrodes against the EMI. Similarly, the signal
lines of the shielding element 302 may extend from the
measurement electrode 104 and from the electrode layer
210 to the EMI layer 112 and then on the EMI layer 112
towards the first measurement electrode 102. The signal
lines may extend to the proximity of the first measurement
electrode 102 in an example or over the first measure-
ment electrode 102 in an embodiment so as to protect
both measurement electrodes against the EMI.
[0023] In the embodiment of Figures 3A to 3D, the sig-
nal lines of the shielding elements 300, 302 are interlaced
with respect to one another such that they are arranged
in an alternating manner, as illustrated in the top/bottom
view of Figure 3A. The signal lines may be provided in
the same plane, as illustrated in the side view of Figure
3B.
[0024] Figures 3C and 3D illustrate an embodiment
where the shielding elements 300, 302 are connected to
the grounding electrodes 220, 222 other than the meas-
urement electrodes 102, 104. In this embodiment, the
measurement electrodes 102, 104 may be provided such
that both shielding elements 300, 302 cover both meas-
urement electrodes 102, 104. For example, the meas-
urement electrodes 102, 104 may be provided between
the grounding electrodes 220, 222. In another embodi-
ment, the grounding electrodes 220, 222 are disposed
between the measurement electrodes 102, 104, and the
shielding elements 300, 302 may extend to over the
grounding electrodes 220, 222 to cover the measurement
electrodes at least partly. The grounding electrodes 220,
222 may be provided on the electrode layer 210.
[0025] In the embodiment of Figures 3A to 3D, the
shielding elements are formed by straight signal lines. I
another embodiment, the signal lines may form curves
or a pattern other than an assembly of straight lines. Each
signal line may form a uniform curve.
[0026] Figures 4A to 4D illustrate an embodiment
where the shielding elements 400, 402 have a comb-
shape. Referring to Figures 4A and 4B, a shielding ele-
ment 400 may connect to the measurement electrode
102 and have a base line that extends from the meas-
urement electrode 102 to the EMI layer 112 and on the
EMI layer 112 towards the measurement electrode 104.
The base line may extend to the proximity of the meas-
urement electrode 104 in an example or over the meas-
urement electrode 104 in an embodiment to cover the
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measurement electrode 104. Comb peaks may extend
from the base line as perpendicular to the base line and
on the plane defined by the EMI layer 112, as illustrated
in the top/bottom view of Figure 4A. In a similar manner,
a shielding element 402 may connect to the measure-
ment electrode 104 and have a base line that extends
from the measurement electrode 104 to the EMI layer
112 and on the EMI layer 112 towards the measurement
electrode 102. The base line may extend to the proximity
of the measurement electrode 102 in an example or over
the measurement electrode 102 in an embodiment to
cover the measurement electrode 102. Comb peaks may
extend from the base line as perpendicular to the base
line and on the plane defined by the EMI layer 112, as
illustrated in the top/bottom view of Figure 4A.
[0027] The comb peaks of the shielding element 400
may extend towards the base line of the shielding ele-
ment 402, and the comb peaks of the shielding element
400 may extend towards the base line of the shielding
element 402, as illustrated in Figure 4A. The comb peaks
and the base lines of the shielding elements may extend
in the same plane defined by the EMI layer 112, as illus-
trated in the side view of Figure 4B.
[0028] In the embodiment of Figures 4A to 4D, the
comb peaks of the shielding elements 400, 402 are in-
terlaced with respect to one another such that they are
arranged in an alternating manner, as illustrated in the
top/bottom view of Figure 4A. In other words, the combs
may be facing one another at such proximity that comb
peaks of one shielding element are provided between
comb peaks of another shielding element.
[0029] In the embodiment of Figures 4A to 4D, the
combe peaks extend perpendicularly from the base line,
i.e. the angle between the comb peaks and the base line
is 90 degrees. In another embodiment, the angle may be
another, e.g. 45 degrees, 135 degrees, or at any angle
between 10 and 170 degrees. In an embodiment, the
angle may be the same for both shielding elements to
enable the interlacing efficiently. In another embodiment,
the angles of the peaks with respect to the base lines
may be different for the shielding elements 400, 402, and
the interlacing may still be achieved, if the spacing be-
tween the peaks is sufficiently large. In general, the an-
gle(s) may be arbitrary as long as the comb peaks of the
different shielding elements 400, 402 can be interlaced.
[0030] Figures 4C and 4D illustrate an embodiment
where the shielding elements 400, 402 are connected to
the grounding electrodes 220, 222 other than the meas-
urement electrodes 102, 104. In this embodiment, the
measurement electrodes 102, 104 may be provided such
that both shielding elements 400, 402 cover both meas-
urement electrodes 102, 104. For example, the meas-
urement electrodes 102, 104 may be provided between
the grounding electrodes 220, 222. In another embodi-
ment, the grounding electrodes 220, 222 are disposed
between the measurement electrodes 102, 104, and the
shielding elements 400, 402 may extend to over the
grounding electrodes 220, 222 to cover the measurement

electrodes at least partly. The grounding electrodes 220,
222 may be provided on the electrode layer 210.
[0031] In the embodiments of Figures 2A to 4D, the
shielding elements are disposed symmetrically with re-
spect to one another such that the axis of symmetry is
an axis that extends between the shielding elements and
between the skin electrodes, when viewed from the
top/bottom.
[0032] Figures 5A to 5D illustrate an embodiment
where the shielding elements 400, 402 have a hook-
shape. Referring to Figures 5A and 5B, a shielding ele-
ment 500 may connect to the measurement electrode
102 and have a base line that extends from the meas-
urement electrode 102 to the EMI layer 112 and on the
EMI layer 112 towards the measurement electrode 104.
The base line may extend to the proximity of the meas-
urement electrode 104 in an example or over the meas-
urement electrode 104 in an embodiment to cover the
measurement electrode 104. Hook-shaped signal lines
may extend from the base line on the plane defined by
the EMI layer 112, as illustrated in the top/bottom view
of Figure 4A. In a similar manner, a shielding element
502 may connect to the measurement electrode 104 and
have a base line that extends from the measurement
electrode 104 to the EMI layer 112 and on the EMI layer
112 towards the measurement electrode 102. The base
line may extend to the proximity of the measurement elec-
trode 102 in an example or over the measurement elec-
trode 102 in an embodiment to cover the measurement
electrode 102. Hook-shaped signal lines may extend
from the base line on the plane defined by the EMI layer
112, as illustrated in the top/bottom view of Figure 5A.
[0033] The hooks of the shielding element 500 may
extend towards the base line of the shielding element
502, and the hooks of the shielding element 502 may
extend towards the base line of the shielding element
500. The hooks of the shielding element 500 may inter-
twine with hooks of the shielding element 502 without
connecting one another, as illustrated in Figure 5A. The
shielding elements 500, 502 may have the same form
and the same dimensions, and they may be arranged
such that the hooks intertwine in the illustrated manner.
[0034] Figures 5C and 5D illustrate an embodiment
where the shielding elements 500, 502 are connected to
the grounding electrodes 220, 222 other than the meas-
urement electrodes 102, 104. In this embodiment, the
measurement electrodes 102, 104 may be provided such
that both shielding elements 500, 502 cover both meas-
urement electrodes 102, 104. For example, the meas-
urement electrodes 102, 104 may be provided between
the grounding electrodes 220, 222. In another embodi-
ment, the grounding electrodes 220, 222 are disposed
between the measurement electrodes 102, 104, and the
shielding elements 500, 502 may extend to over the
grounding electrodes 220, 222 to cover the measurement
electrodes at least partly. The grounding electrodes 220,
222 may be provided on the electrode layer 210.
[0035] Let us now elaborate the positioning of the
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shielding elements of the above-described embodiments
on a general level with reference to Figure 6. Figure 6
illustrates a perspective view of the embodiment of Figure
4A and 4B where the comb-shaped shielding elements
extend to cover the measurement electrodes 102, 104.
The shielding elements may be connected to the meas-
urement electrodes 102, 104 through signal lines 106,
108 that connect the measurement electrodes 102, 104
to the signal processing circuitry 110, for example. As
illustrated in Figure 6, the electrode layer 210 comprising
the measurement electrodes 102, 104 defines a first
plane 602 that substantially conforms with the skin when
the apparatus is in use and attached to the user. On top
of the first plane, the EMI layer 112 comprising the shield-
ing elements defines a second plane 600 that substan-
tially conforms to the first plane and, the skin when the
apparatus is in use.
[0036] In the embodiments of Figures 2A to 3D, the
shielding elements are configured to extend as adjacent
with respect to one another in only one dimension of the
second plane 600.
[0037] In the embodiments of Figures 4A to 5D, the
shielding elements are configured to extend as adjacent
with respect to one another in two dimensions of the sec-
ond plane 600.
[0038] In the embodiment of Figure 7, the EMI layer
112 is a mesh layer 700 where the shielding elements
are configured to intertwine in three dimensions to form
a mesh structure. As in other embodiments, the shielding
elements may be isolated from one another and connect
to different electrodes, e.g. the measurement electrodes
102, 104 or the grounding electrodes 220, 222.
[0039] In an embodiment, an electromagnetic absorp-
tion area covered by the first shielding element towards
a source of the electromagnetic interference is substan-
tially equal to an electromagnetic absorption area cov-
ered by the second shielding element towards a source
of the electromagnetic interference. This provides a tech-
nical effect that the shielding elements are capable of
absorbing a substantially equal amount of EMI, thus re-
ducing differential mode interference.
[0040] In an embodiment, the first shielding element is
arranged in a symmetric manner with respect to the sec-
ond shielding element. In an embodiment, the first shield-
ing element extends from a position (on top) of the first
measurement electrode towards the second measure-
ment electrode in an identical manner as the second
shielding element extends from a position (on top) of the
second measurement electrode towards the first meas-
urement electrode.
[0041] In general, the shielding elements may be ar-
ranged to protect the measurement electrodes 102, 104
such that they both experience a substantially identical
electromagnetic interference field. This may be achieved
by arranging the shielding elements to extend as adja-
cent to one another, providing the shielding elements with
the same absorption area towards the source of the EMI,
and/or arranging the shielding elements in a symmetric

manner.
[0042] In all embodiment described above, the number
of shielding elements is two but the number of shielding
elements may be higher than two, and the number of
shielding elements may be computed as how many
shielding elements are isolated from one another.
[0043] Figure 8 illustrates an embodiment which com-
bines the embodiments of Figures 4A/B and 4C/D. As
illustrated in Figure 8, the EMI layer 112 may comprise
at least two sub-layers, each sub-layer comprising an
EMI shield provided by at least two shielding elements.
Referring to Figure 8, a first sub-layer may be provided
on top of the electrode layer 210 and it may comprise a
first shielding element 806 which is electrically conduc-
tive and arranged at a proximity of both the first meas-
urement electrode 102 and second measurement elec-
trode 104 so as to protect the first measurement electrode
102 and second measurement electrode 104 against
electromagnetic interference, wherein the first shielding
element is connected to a skin electrode (the measure-
ment electrode 104 in this example). The first sub-layer
may further comprise a second shielding element 808
which is electrically conductive, and arranged at a prox-
imity of both the first measurement electrode 102 and
second measurement electrode 104 so as to protect the
first measurement electrode 102 and second measure-
ment electrode 104 against the electromagnetic interfer-
ence, wherein the second shielding element is connected
to a skin electrode different from the skin electrode to
which the first shielding element is connected (the meas-
urement electrode 102 in this example). The first and
second shielding element extend adjacent with respect
to one another between the measurement electrodes
102, 104 on a plane defined by the first sub-layer.
[0044] On top of the first sub-layer, there is provided a
second sub-layer that comprises a third shielding ele-
ment 800 which is electrically conductive and arranged
at a proximity of both the first measurement electrode
102 and second measurement electrode 104 so as to
protect the first measurement electrode 102 and second
measurement electrode 104 against electromagnetic in-
terference, wherein the third shielding element is con-
nected to a skin electrode (the grounding electrode 220
in this example). The second sub-layer may further com-
prise a fourth shielding element 802 which is electrically
conductive, and arranged at a proximity of both the first
measurement electrode 102 and second measurement
electrode 104 so as to protect the first measurement elec-
trode 102 and second measurement electrode 104
against the electromagnetic interference, wherein the
fourth shielding element is connected to a skin electrode
different from the skin electrodes to which the other
shielding elements are connected (the grounding elec-
trode 222 in this example). The third and fourth shielding
element 800, 802 extend adjacent with respect to one
another between the measurement electrodes 102, 104
on a plane defined by the second sub-layer on top of the
plane defined by the first sub-layer.
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[0045] Figure 8 illustrates an embodiment where the
shielding elements 800 to 808 have the comb-shaped
form, but the shape of the shielding elements may be
any one of the other embodiments described herein, e.
g. any one of Figures 2A, 3A, and 5A, or another shape.
[0046] In another embodiment, the shielding elements
806, 808 are connected to the respective grounding elec-
trodes 220, 222 while the shielding elements 800, 802
are connected to the respective measurement electrodes
102, 104. In another embodiment, all the shielding ele-
ments 800 to 808 are connected to different grounding
electrodes.
[0047] In an embodiment, a substrate layer may be
provided between the electrode layer and the EMI layer.
The electrodes may be attached to the substrate on a
side that contacts the skin, and the EMI layer may be
provided on an opposite side of the substrate. The sub-
strate layer may be a textile layer, for example.
[0048] In the embodiments described above, the
shielding elements may be produced by using one of the
following techniques: conductive threading stitched or
sewn on top of the electrode layer, conductive fabric
weaved on top of the electrode layer, conductive plastic
attached on top of the electrode layer, conductive ink
printed on top of the electrode layer, or printed electronics
printed on top of the electrode layer.
[0049] Figures 9 and 10 relate to embodiments where
the EMI shielding is provided for the signal lines 106, 108
of the apparatus. The apparatus according to these em-
bodiments may thus comprise any signal lines that con-
duct electric signals and are susceptible to the EMI. Re-
ferring to Figure 9, the signal line 106 may comprise an
electric conductor that may be formed by an electrically
conductive thread or threading in an article of clothing,
an apparel or a garment. The electric conductor may be
isolated by an isolation layer 900 protecting the electric
conductor and isolating the electric conductor. On top of
the electric conductor, the EMI shielding may be provided
by arranging a conductive threading to cover the electric
conductor. The conductive threading may be arranged
on top of the electric conductor by stitching or sewing the
conductive threading with a sewing machine. The con-
ductive threading may be formed by using zigzag stitch-
ing such that the zigzag pattern covers the signal line
without penetrating the isolation layer 900. The conduc-
tive threading may be sewn through a substrate in which
the signal line 106 is provided, e.g. a textile or a garment.
When used in an application where the substrate is in
contact with the user’s skin, the conductive threading
thus engages the user’s skin and operates as a skin elec-
trode for grounding the EMI.
[0050] Figure 9 illustrates both a top view and a side
view of the threading. The top view illustrates that both
the threading 902 on top of the substrate and a bobbin
threading 904 form the zigzag pattern, the top threading
travelling in parallel and on top of the bobbin threading.
The side view illustrates how the two threadings 902, 904
intertwine through the substrate and around the signal

line 902.
[0051] In an embodiment, only the threading 902 form-
ing a pattern on top of the substrate in the sewing process
is conductive. In an embodiment, all threading included
in the sewing process is conductive, including bobbin
threading 904. Accordingly, the threadings 902, 904 to-
gether surround the signal line, thus shielding the signal
line against the EMI from all directions. The conductive
threadings 902, 904 may form a caging such as a Fara-
day cage for the signal line 106. In such an embodiment,
stitches of the threadings 902, 904 may or ground to or
contact with the user’s skin in use. In an embodiment
where the garment comprising the signal line and the
stitched threadings 902, 904 is not arranged to contact
the user’s skin, separate grounding points may be ar-
ranged to ground the conductive threading(s) 902, 904.
[0052] Figure 10 illustrates a process for producing the
EMI shielding of Figure 9 described above. Referring to
Figure 10, the process comprises arranging at least one
insulated conductive threading as a signal line in an ap-
parel (block 1000). In block 1002, another conductive
threading is stitched or sewn over the insulated signal
lines to form the EMI shielding. By using the conductive
threading stitched over the signal line, the EMI shielding
may be provided in an inconspicuous manner and still
produced by using conventional means used in textile
industry. No separate industrial process is required to
generate the EMI layer on top of the signal line.
[0053] It will be obvious to a person skilled in the art
that, as the technology advances, the inventive concept
can be implemented in various ways. The invention and
its embodiments are not limited to the examples de-
scribed above but may vary within the scope of the
claims.

Claims

1. An apparatus comprising:

a first layer (210) comprising at least a first meas-
urement electrode (102) and a second meas-
urement electrode (104) disposed at a distance
from one another, wherein the first measure-
ment electrode and second measurement elec-
trode are skin electrodes configured to measure
an electric physiological property from a skin;
a second layer (112) disposed on top of the first
layer and comprising:

a first shielding element (200, 300, 400,
500) which is electrically conductive and ar-
ranged to cover at least partially both the
first measurement electrode and second
measurement electrode so as to protect the
first measurement electrode and second
measurement electrode against electro-
magnetic interference, wherein the first
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shielding element is connected to a skin
electrode (102, 220); and
a second shielding element (202, 302, 402,
502) which is electrically conductive, and ar-
ranged to cover at least partially both the
first measurement electrode and second
measurement electrode so as to protect the
first measurement electrode and second
measurement electrode against electro-
magnetic interference, wherein the second
shielding element is connected to a skin
electrode (104, 222) different from the skin
electrode to which the first shielding ele-
ment is connected,

characterized in that the first shielding element
and the second shielding element extend adja-
cent with respect to one another between the
first measurement electrode and the second
measurement electrode on a plane defined by
the second layer, and wherein the second
shielding element is electrically isolated from the
first shielding element.

2. The apparatus of claim 1, wherein the first shielding
element and second shielding element are config-
ured to extend as adjacent with respect to one an-
other in only one dimension of the plane.

3. The apparatus of claim 1, wherein the first shielding
element and second shielding element are config-
ured to extend as adjacent with respect to one an-
other in two dimensions of the plane.

4. The apparatus of claim 1 or 3, wherein the second
layer is a mesh layer (700) where the first shielding
element and second shielding element are config-
ured to intertwine in three dimensions.

5. The apparatus of claim 1 or 3, wherein each of the
first shielding element (400) and the second shield-
ing element (402) forms a comb structure where
comb peaks of the different shielding elements are
interlaced.

6. The apparatus of any preceding claim, wherein an
electromagnetic absorption area covered by the first
shielding element towards a source of the electro-
magnetic interference is substantially equal to an
electromagnetic absorption area covered by the sec-
ond shielding element towards a source of the elec-
tromagnetic interference.

7. The apparatus of any preceding claim, wherein the
first shielding element is arranged in a symmetric
manner with respect to the second shielding ele-
ment.

8. The apparatus of claim 7, wherein the first shielding
element extends from a position of the first meas-
urement electrode towards the second measure-
ment electrode in an identical manner as the second
shielding element extends from a position of the sec-
ond measurement electrode towards the first meas-
urement electrode.

9. The apparatus of any preceding claim, wherein the
first shielding element and the second shielding el-
ement are arranged such that they both experience
a substantially identical electromagnetic interfer-
ence field.

10. The apparatus of any preceding claim, wherein each
of the first shielding element and the second shield-
ing element is connected to a skin electrode (220,
222) that is not a measurement electrode.

11. The apparatus of any preceding claim 1 to 9, wherein
the first shielding element is connected to the first
measurement electrode and the second shielding el-
ement is connected to the second measurement
electrode.

12. The apparatus of any preceding claim, further com-
prising a third layer disposed on top of the second
layer or between the first layer and the second layer,
comprising:

a third shielding element which is electrically
conductive and arranged at a proximity of both
the first measurement electrode and second
measurement electrode so as to protect the first
measurement electrode and second measure-
ment electrode against electromagnetic interfer-
ence, wherein the third shielding element is con-
nected to a skin electrode; and
a fourth shielding element which is electrically
conductive, and arranged at a proximity of both
the first measurement electrode and second
measurement electrode so as to protect the first
measurement electrode and second measure-
ment electrode against electromagnetic interfer-
ence, wherein the fourth shielding element is
connected to a skin electrode different from the
skin electrode to which the third shielding ele-
ment is connected,
wherein the third shielding element and the
fourth shielding element extend adjacent with
respect to one another between the first meas-
urement electrode and the second measure-
ment electrode on a plane defined by the second
layer, and wherein all the shielding elements are
electrically isolated from one another.

13. The apparatus of claim 12, wherein the first shielding
element is connected to the first measurement elec-
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trode and the second shielding element is connected
to the second measurement electrode, and each of
the third shielding element and the fourth shielding
element is connected to a skin electrode that is not
a measurement electrode.

14. The apparatus of any preceding claim, wherein the
apparatus is an article of clothing.

Patentansprüche

1. Vorrichtung, die umfasst:

eine erste Schicht (210), die wenigstens eine
erste Mess-Elektrode (102) und eine zweite
Mess-Elektrode (104) umfasst, die in einem Ab-
stand zueinander angeordnet sind, wobei die
erste Mess-Elektrode und die zweite Mess-
Elektrode Haut-Elektroden sind, die zum Mes-
sen einer elektrischen physiologischen Eigen-
schaft einer Haut eingerichtet sind;
eine zweite Schicht (112), die über der ersten
Schicht angeordnet ist und umfasst:

ein erstes Abschirm-Element (200, 300,
400, 500), das elektrisch leitend ist und so
angeordnet ist, dass es sowohl die erste
Mess-Elektrode als auch die zweite Mess-
Elektrode wenigstens teilweise abdeckt,
um die erste Mess-Elektrode und die zweite
Mess-Elektrode vor elektromagnetischer
Interferenz zu schützen, wobei das erste
Abschirm-Element mit einer Haut-Elektro-
de (102, 220) verbunden ist; sowie
ein zweites Abschirm-Element (202, 302,
402, 502), das elektrisch leitend ist und so
angeordnet ist, dass es sowohl die erste
Mess-Elektrode als auch die zweite Mess-
Elektrode wenigstens teilweise abdeckt,
um die erste Mess-Elektrode und die zweite
Mess-Elektrode vor elektromagnetischer
Interferenz zu schützen, wobei das zweite
Abschirm-Element mit einer anderen Haut-
Elektrode (104, 222) als der Haut-Elektrode
verbunden ist, mit der das erste Abschirm-
Element verbunden ist,
dadurch gekennzeichnet, dass
das erste Abschirm-Element und das zwei-
te Abschirm-Element sich aneinander an-
grenzend zwischen der ersten Mess-Elek-
trode und der zweiten Mess-Elektrode auf
einer Ebene erstrecken, die durch die zwei-
te Schicht gebildet wird, und das zweite Ab-
schirm-Element elektrisch von dem ersten
Abschirm-Element isoliert ist.

2. Vorrichtung nach Anspruch 1, wobei das erste Ab-

schirm-Element und das zweite Abschirm-Element
so eingerichtet sind, dass sie sich in nur einer Di-
mension der Ebene aneinander angrenzend erstre-
cken.

3. Vorrichtung nach Anspruch 1, wobei das erste Ab-
schirm-Element und das zweite Abschirm-Element
so eingerichtet sind, dass sie sich in zwei Dimensi-
onen der Ebene aneinander angrenzend erstrecken.

4. Vorrichtung nach Anspruch 1 oder 3, wobei die zwei-
te Schicht eine Netz-Schicht (700) ist, und das erste
Abschirm-Element und das zweite Abschirm-Ele-
ment so eingerichtet sind, dass sie in drei Dimensi-
onen verwebt sind.

5. Vorrichtung nach Anspruch 1 oder 3, wobei das erste
Abschirm-Element (400) und das zweite Abschirm-
Element (402) eine Kamm-Struktur bilden und
Kamm-Spitzen der verschiedenen Abschirm-Ele-
mente verflochten sind.

6. Vorrichtung nach einem der vorangehenden An-
sprüche, wobei ein Bereich elektromagnetischer Ab-
sorption, der durch das erste Abschirm-Element in
Richtung einer Quelle der elektromagnetischen In-
terferenz abgedeckt wird, im Wesentlichen einem
Bereich elektromagnetischer Absorption gleich ist,
der durch das zweite Abschirm-Element in Richtung
einer Quelle der elektromagnetischen Interferenz
abgedeckt wird.

7. Vorrichtung nach einem der vorangehenden An-
sprüche, wobei das erste Abschirm-Element sym-
metrisch in Bezug auf das zweite Abschirm-Element
angeordnet ist.

8. Vorrichtung nach Anspruch 7, wobei sich das erste
Abschirm-Element auf die gleiche Weise von einer
Position der ersten Mess-Elektrode auf die zweite
Mess-Elektrode zu erstreckt, auf die sich das zweite
Abschirm-Element von einer Position der zweiten
Mess-Elektrode auf die erste Mess-Elektrode zu er-
streckt.

9. Vorrichtung nach einem der vorangehenden An-
sprüche, wobei das erste Abschirm-Element und
das zweite Abschirm-Element so angeordnet sind,
dass beide einem im Wesentlichen identischen Feld
elektromagnetischer Interferenz ausgesetzt sind.

10. Vorrichtung nach einem der vorangehenden An-
sprüche, wobei das erste Abschirm-Element und
das zweite Abschirm-Element jeweils mit einer Haut-
Elektrode (220, 222) verbunden sind, die keine
Mess-Elektrode ist.

11. Vorrichtung nach einem der vorangehenden An-
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sprüche 1 bis 9, wobei das erste Abschirm-Element
mit der ersten Mess-Elektrode verbunden ist und das
zweite Abschirm-Element mit der zweiten Mess-
Elektrode verbunden ist.

12. Vorrichtung nach einem der vorangehenden An-
sprüche, die des Weiteren eine dritte Schicht um-
fasst, die über der zweiten Schicht oder zwischen
der ersten Schicht und der zweiten Schicht angeord-
net ist, wobei sie umfasst:

ein drittes Abschirm-Element, das elektrisch lei-
tend ist und in der Nähe sowohl der ersten Mess-
Elektrode als auch der zweiten Mess-Elektrode
angeordnet ist, um die erste Mess-Elektrode
und die zweite Mess-Elektrode vor elektromag-
netischer Interferenz zu schützen, wobei das
dritte Abschirm-Element mit einer Haut-Elektro-
de verbunden ist; sowie
ein viertes Abschirm-Element, das elektrisch lei-
tend ist und in der Nähe sowohl der ersten Mess-
Elektrode als auch der zweiten Mess-Elektrode
angeordnet ist, um die erste Mess-Elektrode
und die zweite Mess-Elektrode vor elektromag-
netischer Interferenz zu schützen, wobei das
vierte Abschirm-Element mit einer anderen
Haut-Elektrode als der Haut-Elektrode verbun-
den ist, mit der das dritte Abschirm-Element ver-
bunden ist,
wobei das dritte Abschirm-Element und das
vierte Abschirm-Element sich aneinander an-
grenzend zwischen der ersten Mess-Elektrode
und der zweiten Mess-Elektrode auf einer Ebe-
ne erstrecken, die durch die zweite Schicht ge-
bildet wird, und alle der Abschirm-Elemente
elektrisch voneinander isoliert sind.

13. Vorrichtung nach Anspruch 12, wobei das erste Ab-
schirm-Element mit der ersten Mess-Elektrode ver-
bunden ist und das zweite Abschirm-Element mit der
zweiten Mess-Elektrode verbunden ist und das dritte
Abschirm-Element und das vierte Abschirm-Ele-
ment jeweils mit einer Haut-Elektrode verbunden
sind, die keine Mess-Elektrode ist.

14. Vorrichtung nach einem der vorangehenden An-
sprüche, wobei die Vorrichtung ein Kleidungsstück
ist.

Revendications

1. Appareil comprenant :

une première couche (210) comprenant au
moins une première électrode de mesure (102)
et une seconde électrode de mesure (104) dis-
posées à une distance l’une de l’autre, la pre-

mière électrode de mesure et la seconde élec-
trode de mesure étant des électrodes de peau
configurées pour mesurer une propriété physio-
logique électrique à partir d’une peau ;
une seconde couche (112) disposée sur le des-
sus de la première couche et comprenant :

un premier élément de blindage (200, 300,
400, 500) qui est électriquement conduc-
teur et disposé pour recouvrir au moins par-
tiellement à la fois la première électrode de
mesure et la seconde électrode de mesure
afin de protéger la première électrode de
mesure et la seconde électrode de mesure
de l’interférence électromagnétique, le pre-
mier élément de blindage étant relié à une
électrode de peau (102, 220) ; et
un second élément de blindage (202, 302,
402, 502) qui est électriquement conduc-
teur, et disposé pour recouvrir au moins par-
tiellement à la fois la première électrode de
mesure et la seconde électrode de mesure
afin de protéger la première électrode de
mesure et la seconde électrode de mesure
contre l’interférence électromagnétique, le
second élément de blindage étant relié à
une électrode de peau (104, 222) différente
de l’électrode de peau à laquelle le premier
élément de blindage est relié,

caractérisé en ce que
le premier élément de blindage et le second élé-
ment de blindage s’étendent adjacents l’un par
rapport à l’autre entre la première électrode de
mesure et la seconde électrode de mesure sur
un plan défini par la seconde couche, et le se-
cond élément de blindage est électriquement
isolé du premier élément de blindage.

2. Appareil selon la revendication 1, le premier élément
de blindage et le second élément de blindage étant
configurés pour s’étendre comme adjacents l’un par
rapport à l’autre dans uniquement une dimension du
plan.

3. Appareil selon la revendication 1, le premier élément
de blindage et le second élément de blindage étant
configurés pour s’étendre en étant adjacents l’un par
rapport à l’autre en deux dimensions du plan.

4. Appareil selon la revendication 1 ou 3, la seconde
couche étant une couche maillée (700) où le premier
élément de blindage et le second élément de blin-
dage sont configurés pour être enchevêtrés en trois
dimensions.

5. Appareil selon la revendication 1 ou 3, chacun du
premier élément de blindage (400) et du second élé-
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ment de blindage (402) forme une structure en pei-
gne où les pics de peigne des différents éléments
de blindage sont entrelacés.

6. Appareil selon l’une quelconque des revendications
précédentes, une zone d’absorption électromagné-
tique recouverte par le premier élément de blindage
vers une source de l’interférence électromagnétique
étant sensiblement égale à une zone d’absorption
électromagnétique recouverte du second élément
de blindage vers une source de l’interférence élec-
tromagnétique.

7. Appareil selon l’une quelconque des revendications
précédentes, le premier élément de blindage étant
disposé d’une manière symétrique par rapport au
second élément de blindage.

8. Appareil selon la revendication 7, le premier élément
de blindage s’étendant depuis une position de la pre-
mière électrode de mesure vers la seconde électro-
de de mesure d’une manière identique à celle du
second élément de blindage qui s’étend depuis une
position de la seconde électrode de mesure vers la
première électrode de mesure.

9. Appareil selon l’une quelconque des revendications
précédentes, le premier élément de blindage et le
second élément de blindage étant disposés de sorte
qu’ils font preuve tous deux d’un champ d’interféren-
ce électromagnétique sensiblement identique.

10. Appareil selon l’une quelconque des revendications
précédentes, chacun du premier élément de blinda-
ge et du second élément de blindage étant reliés à
une électrode de peau (220, 222) qui n’est pas une
électrode de mesure.

11. Appareil selon l’une quelconque des revendications
précédentes 1 à 9, le premier élément de blindage
étant relié à la première électrode de mesure et le
second élément de blindage étant relié à la seconde
électrode de mesure.

12. Appareil selon l’une quelconque des revendications
précédentes, comprenant en outre une troisième
couche disposée sur le dessus de la seconde cou-
che ou entre la première couche et la seconde cou-
che, comprenant :

un troisième élément de blindage qui est élec-
triquement conducteur et disposé à une proxi-
mité à la fois de la première électrode de mesure
et de la seconde électrode de mesure afin de
protéger la première électrode de mesure et la
seconde électrode de mesure contre l’interfé-
rence électromagnétique, le troisième élément
de blindage étant relié à une électrode de peau ;

et
un quatrième élément de blindage qui est élec-
triquement conducteur, et disposé à une proxi-
mité à la fois de la première électrode de mesure
et de la seconde électrode de mesure afin de
protéger la première électrode de mesure et la
seconde électrode de mesure de l’interférence
électromagnétique, le quatrième élément de
blindage étant relié à une électrode de peau dif-
férente de l’électrode de peau à laquelle le troi-
sième élément de blindage est relié,
le troisième élément de blindage et le quatrième
élément de blindage s’étendant adjacents l’un
par rapport à l’autre entre la première électrode
de mesure et la seconde électrode de mesure
sur un plan défini par la seconde couche, et tous
les éléments de blindage étant électriquement
isolés l’un de l’autre.

13. Appareil selon la revendication 12, le premier élé-
ment de blindage étant relié à la première électrode
de mesure et le second élément de blindage étant
relié à la seconde électrode de mesure, et chacun
du troisième élément de blindage et du quatrième
élément de blindage étant relié à une électrode de
peau qui n’est pas une électrode de mesure.

14. Appareil selon l’une quelconque des revendications
précédentes, l’appareil étant un article vestimentai-
re.
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