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MEASUREMENT

(57) A sensor module (S1) for biosignal activity
measurement, comprising a main electrode base (3) and
a plurality of pins (2) protruding from that main electrode
base, configured such that, when applied on a subject,
the pins (2) make contact or are in close proximity to the
subject’s skin, and wherein the electrode base (3) com-
prises electronic circuitry for biosignal measurement,
said electronic circuitry being connected to said plurality
of pins (2); and the plurality of pins (2) comprise a number
of electrically conductive pins and at least one source
waveguide pin configured for light emitting purposes
and/or at least one detector waveguide pin configured
for light detection purposes.
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Description
Technical Field

[0001] The present invention relates generally to non-
invasive biosignal activity measurement sensors and
systems, including for example, brain activity measure-
ment sensors and systems, such as electroencephalo-
gram (EEG) and near infrared spectroscopy (NIRS) sen-
sors and systems for brain activity measurements.

Background

[0002] There is currently an interest for the develop-
ment of portable, lightweight an non-invasive biosignal
activity measurement systems for monitoring biosignals
and more specifically the neurophysiological activity of
subjects in operational, clinical and research environ-
ments. For example, the simultaneous use of electroen-
cephalographic (EEG) acquisition with functional near in-
frared spectroscopy (fNIRS) has been shown advanta-
geous in order to provide a better understanding of the
mechanisms involved in cerebral activation, since such
techniques provide complementary information from the
brain in terms of temporal and spatial resolution.

[0003] Patentapplication US2014/0018640 A1, forex-
ample, describes a holder set and a brain function meas-
uring device capable of executing measurements by an
optical bioinstrumentation device (e.g. fNIRS) and by a
an electroencephalograph (EEG) at the same time.
[0004] Report document "“Concurrent EEG and NIRS
tomographic imaging based on wearable electro-op-
todes", by Tzyy-Ping Jung et al., University of California
- San Diego La Jolla, 13-04-2014, describes a dual-mo-
dality neuroimaging system with EEG/NIRS electrodes,
known as electro-optodes, that allow non-invasive and
non-intrusive acquisition of EEG and fNIR signals. The
developed brain activity sensor combines the capability
of simultaneously recording both EEG and fNIRS signals
from the same site by integrating both EEG electrode
and NIR probe into one electro-optode.

Summary

[0005] The present invention provides for a new and
advantageous sensor module that can be applied, for
example, to dual-modality EEG and fNIRS brain activity
measurement.

[0006] The scope of the invention is defined by the
claims.

[0007] According to an exemplary embodiment, there
is provided a sensor module for biosignal activity meas-
urement, comprising a main electrode base and a plu-
rality of pins protruding from that main electrode base,
configured such that, when applied on a subject, the pins
make contact or are in close proximity to the subject’s
skin, andwhereinthe electrode base comprises electron-
ic circuitry for biosignal measurement, said electronic cir-
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cuitry being connected to said plurality of pins; and the
plurality of pins comprise pins that can conduct both light
and electricity.

[0008] According to an exemplary embodiment, the
plurality of pins comprise an outer electrically conductive
surface or layer with an inner waveguide core.

[0009] According to an exemplary embodiment, the
outer electrically conductive layer is a conductive mesh.
[0010] According to an exemplary embodiment, the
conductive mesh comprises a woven fabric, comprising
a plurality of conductive wires or fibres designed for being
flexible and ensuring conductivity of the pins.

[0011] According to an exemplary embodiment, the in-
ner core comprises a transparent silicone.

[0012] According to an exemplary embodiment, the
plurality of pins comprise a material that can conduct both
light and electricity.

[0013] According to another exemplary embodiment,
there is provided a compact EEG and fNIRS sensor for
brain activity measurement that advantageously avoids
the need for long connecting light fibres, costly lasers
and large power supplies. According to an embodiment,
the proposed EEG and fNIRS sensor may be integrated
in a holder arrangement and communicate wirelessly
with other sensors and/or system control modules, which
allows for wearable applications and comfort during long
term use. Also according to an embodiment, the EEG
and fNIRS sensor may advantageously consume low
power and be cheaper to implement.

[0014] According to an embodiment, there is provided
acompact EEG andfNIRS sensor for brain activity meas-
urement that advantageously can acquire fNIRS and
EEG signals simultaneously, from the same brain region.
Furthermore, according to an embodiment, the sensor
module comprises a plurality of flexible pins for electrical
conduction and/or light guidance that advantageously
adapts to the scalp of a subject and allows for better
quality measurements, where hair may block the light
path. The pins advantageously separate de hair and pro-
vide optical isolation.

[0015] According to an exemplary embodiment, there
is provided a sensor module for brain activity measure-
ment, comprising a main electrode base and a plurality
of pins protruding from that main electrode base, config-
ured such that, when applied on a subject, the pins make
contact or are in close proximity to the subject’s skin, and
wherein the electrode base comprises electronic circuitry
for NIRS and EEG measurement, said electronic circuitry
being connected to said plurality of pins; and the plurality
of pins comprise a number of electrically conductive pins
and at least one source waveguide pin configured for
light emitting purposes and/or at least one detector
waveguide pin configured for light detection purposes.
[0016] According to an exemplary embodiment, the
electrical conductive pins are connected to EEG meas-
urement circuitry and the at least one source and/or de-
tector waveguide pins are connected to NIRS measure-
ment circuitry.
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[0017] According to an exemplary embodiment, the
EEG and NIRS measurement circuitry is integrated in an
ASIC located on a PCBA inside or connected to the elec-
trode base.

[0018] According to an exemplary embodiment, the
NIRS measurement circuitry comprises at least one light
emitting circuit including a LED and at least one light de-
tection circuit including a photo detector.

[0019] According to an exemplary embodiment, the
photo detector is a Silicon Avalanche photo diode
(SIAPD).

[0020] According to an exemplary embodiment, the
NIRS measurement circuitry is configured for controlling
the light emitting and detection circuits such as to create
a plurality of source-detection pairs.

[0021] According to an exemplary embodiment, the
plurality of pins comprise pins that can conduct both light
and electricity and can be configured for EEG and/or
NIRS measurement.

[0022] According to an exemplary embodiment, the
plurality of pins comprise an outer electrically conductive
surface or layer with an inner waveguide core.

[0023] According to an exemplary embodiment, the
outer electrically conductive layer is a conductive mesh.
[0024] According to an exemplary embodiment, the
conductive mesh comprises a woven fabric, comprising
aplurality of conductive wires or fibres designed for being
flexible and ensuring conductivity of the pins.

[0025] According to an exemplary embodiment, the in-
ner core comprises a transparent silicone.

[0026] According to an exemplary embodiment, the
plurality of pins comprise a material that can conduct both
light and electricity.

[0027] The description also relates to an electrode
holder for holding a plurality of sensors for biosignal ac-
tivity measurement according to embodiments herein de-
scribed.

[0028] The description also relates to a system com-
prising a plurality of sensors for biosignal activity meas-
urement according embodiments herein described.
[0029] According to an exemplary embodiment, the
system further comprises a control module configured
for controlling activity and/or receiving measurements
from the plurality of sensor modules.

[0030] According to an exemplary embodiment, the
control module is further configured for controlling the
light emitting and detection circuits of different sensor
modules such as to create a plurality of source-detection
pairs between light emitting circuits and light detection
circuits located in different sensor modules.

[0031] Certain objects and advantages of various new
and inventive aspects have been described above. It is
to be understood that not necessarily all such objects or
advantages may be achieved inaccordance with any par-
ticular embodiment of the present invention as described
in the claims. Those skilled in the art will recognize that
the solution as described in the claims may be embodied
or carried out in a manner that achieves or optimizes one
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advantage or group of advantages without necessarily
achieving other objects or advantages.

Brief description of the drawings

[0032] The above and other aspects of the sensor and
system for brain activity measurement according to the
present invention will be shown and explained with ref-
erence to the non-restrictive example embodiments de-
scribed hereinafter.

Figure 1 shows a schematic of a system, a sensor
holder set and a sensor module for biosignal activity
measurement according to an exemplary embodi-
ment.

Figures 2A and 2B show a perspective and bottom
view of a sensor module for biosignal activity meas-
urement according to a first exemplary embodiment.
Figure 3 shows a bottom view of a sensor module
for biosignal activity measurement according to a
second exemplary embodiment.

Figure 4 shows a bottom view of a sensor module
for biosignal activity measurement according to a
third exemplary embodiment.

Figure 5 shows another perspective view of a sensor
module for biosignal activity measurement accord-
ing to a fourth exemplary embodiment.

Detailed description

[0033] In the following, in the description of exemplary
embodiments, various features may be grouped together
in a single embodiment, figure, or description thereof for
the purpose of streamlining the disclosure and aiding in
the understanding of one or more of the various inventive
aspects. This is however not to be interpreted as the in-
vention requiring more features than the ones expressly
recited in the independent claims. Furthermore, combi-
nations of features of different embodiments and obvious
known alternative structural means are meant to be with-
inthe scope of the present description, as would be clear-
ly understood and derived by those skilled in the art at
the time of the invention. Additionally, in some examples,
well-known methods, structures and techniques have not
been shown in detail in order not to obscure the concise-
ness of the description.

[0034] Figure 1 shows a schematic of a system 100,
a sensor holder arrangement 15 and a sensor module
$1 for biosignal activity measurement, such as brain ac-
tivity measurement, according to an exemplary embod-
iment. The system 100 for biosignal activity measure-
ment comprises a holder arrangement 15 so designed,
configured and manufactured to be placed over the sub-
ject’s head and to structurally hold a plurality of sensor
modules S1 to S9 for brain activity measurement. The
system 100 comprises a control module CM configured
for controlling and/or receiving all the measurements
from the plurality of sensor modules $1 to §9. Said con-
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trol module CM may be located outside the sensor holder
arrangement, but may be also located, or at least some
control functions, in the sensor holder arrangement 15.
The plurality of sensor modules $1 to S9 may commu-
nicate between them and/or with the control module CM
by means of electrical wired connections or wireless
transmission. According to an embodiment, said control
module CM may also perform signal processing tech-
niques inorder to quantify and/orimprove the signal qual-
ity of the measurements received.

[0035] According to an exemplary embodiment, each
sensor module, such as S1 in the figure, comprises a
printed circuit board assembly (PCBA) 25, an application-
specific integrated circuit (ASIC) 35, light emitting circuits
L1 to L4 and light detection circuits P1 to P5. According
to an exemplary embodiment, the ASIC 35 is mounted
on the PCBA 25. According to an embodiment, the light
emitting circuits L1 to L4 and the light detection circuits
P1 to P5 are placed on the PCBA outside the ASIC. Ac-
cording to an exemplary embodiment, the light emitting
circuits L1 to L4 comprise a light-emitting diode (LED)
and the light detection circuits P1 to PS5 comprise a photo
detector such as a Silicon Avalanche photo diode
(SIAPD). According to an exemplary embodiment, the
ASIC uses low power and comprises high performance
transimpedance amplifiers (TIA) which advantageously
reduces the size of NIRS sensing arrangement.

[0036] According to an embodiment, the ASIC com-
prises further electronic circuitry configured for modulat-
ing the light emitting sources (e.g. TDMA, CDMA) and
for controlling the light emitting and detection circuits
such as to create a plurality of source-detection pairs.
According to an exemplary embodiment, the sensor mod-
ule 81 is configured and operated such that at least one
of said plurality of source-detection pairs presents a dis-
tance of at least 2 cm between the light source and the
light detector, which advantageously would make one
sensor module useful for fNIRS measurements. Accord-
ing to an exemplary embodiment, the ASIC 35 controls
the light emitting sources according to compressive sam-
pling (CS) techniques in order to further reduce power
consumption. According to an exemplary embodiment,
different sensor modules S1 to S9 are located at different
locations of the subject's head and the system 100 is
configured for controlling the light emitting and detection
circuits of different sensor modules such as to create a
plurality of source-detection pairs, which advantageously
increases the depth of the optical path.

[0037] According to an exemplary embodiment, the
PCBA 25 has a circular shape with a diameter in arange
between 3 and 4 cm. According to an exemplary embod-
iment the sensor module $1 further comprises biopoten-
tial sensing means and electronic circuitry for EEG meas-
urements and the ASIC 35 comprises processing means
for processing EEG and fNIRS signals.

[0038] Itis understood that and according to an exem-
plary embodiment, the sensor modules S1 to $9 may
not be isolated in different PCBAs, but their sensing cir-
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cuitry be located in one large PCBA made of a flexible
material that is integrated in the holder arrangement 15.
[0039] Figure 2A shows a perspective view of a dual
modality sensor module $1 for biosignal activity meas-
urement according to a first exemplary embodiment. The
sensor module 81 comprises a main electrode body or
base 3 and a plurality of pins 2 protruding from that main
electrode base. The main electrode body or base 3 may
serve both to hold the pins 2, the PCBA 25 and the ASIC
35 and to protect the PCBA and ASIC. According to an
exemplary embodiment, the sensor module 81 compris-
es pins 2 with separate functionality. According to an ex-
emplary embodiment the sensor module $1 comprises:
at least one source waveguide pin configured for light
emitting purposes, at least one detector waveguide pin
configured for light receiving/detection purposes, and a
plurality of electrically conductive pins. According to an
exemplary embodiment the sensor module $1 comprises
17 pins: 4 detector waveguide pins, 5 source waveguide
pins and 8 conductive pins, as is illustrated in Figure 2B.
According to an exemplary embodiment the at least one
detector waveguide pin is connected to a photo detector
present on the PCBA 25, and the plurality of conductive
pins are connected to light detection and biopotential cir-
cuitry respectively, integrated in the ASIC 35 and the at
least one source waveguide pinis connected to light emit-
ting circuitry present on the PCBA 25.

[0040] Accordingtoanembodiment, the ASIC 35 com-
prises circuitry for modulating the light emitting sources
(e.g. TDMA, CDMA) and for controlling the light emitting
and detection circuits such as to create a plurality of
source-detection pairs. According to an exemplary em-
bodiment, the sensor module $1 is configured and op-
erated such that at least one of said plurality of source-
detection pairs presents a distance of at least 2 cm be-
tween the light source and the light detector, which ad-
vantageously would make one sensor module useful for
fNIRS measurements. According to an exemplary em-
bodimentthe ASIC 35 comprises circuitry and processing
means for processing EEG and fNIRS signals.

[0041] According to an embodiment, the plurality of
pins 2 protrude in the direction of the measurement sur-
face or skin when the sensor module $1 is applied on
the subject, e.g. an area of the subject’s skin, for meas-
urement purposes. The plurality of pins 2 are further con-
figured to be flexible, which is advantageous to move
away hair and provide direct contact to the subject’s
scalp.

[0042] According to an exemplary embodiment, the
sensor module 81 may incorporate the optical recording
functionality along with the existing bio-potential record-
ing.

[0043] Figure 3 shows a bottom view of a dual modality
sensor module for biosignal activity measurement ac-
cording to a second exemplary embodiment. In this ex-
emplary embodiment, the sensor module $1 comprises
a main electrode body or base 3 and a plurality of pins 2
protruding from that main electrode base as in Figure
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2A and 2B, but the sensor module $1 comprises a plu-
rality of pins with dual functionality, that is, such plurality
of pins can conduct both light and electricity. According
to an exemplary embodiment, the pins 2 comprise an
electrically conductive surface or outer layer material 40
with an inner waveguide core 50 or a core of a material
that acts as a waveguide. According to an exemplary
embodiment the pins may be made by a core transparent
silicone wrapped in a conductive fabric. According to an
exemplary embodiment, the electrically conductive sur-
face or fabric may be a conductive mesh.

[0044] According to an exemplary embodiment, the
dual modality sensor module comprises circuitry, for ex-
ample in the ASIC 35 or PCB 25, for configuring the dual
modality pins for biosignal measurement, e.g. EEG
and/or NIRS and/or other biosignals, such as ECG or
PPG. It is understood that not all the pins of the sensor
module shall be dual modality pins, but the sensor mod-
ule may comprise both dual modality pins and single func-
tionality or specialized pins.

[0045] Figure 4 shows a bottom view of adual modality
sensor module for biosignal activity measurement ac-
cording to another exemplary embodiment. In this exem-
plary embodiment, the sensor module S1 comprises a
main electrode body or base 3 and a plurality of pins 2
protruding from that main electrode base as in Figure
2A and 2B, and the sensor module 81 comprises a plu-
rality of pins with dual functionality, that is, such plurality
of pins can conduct both light and electricity, but in this
embodiment the pins are made from a material that both
guides light and in electrically conductive. According to
anembodimentthe pins are made from an optically trans-
parent silicone with added small metal or carbon parti-
cles.

[0046] Figure 5 shows another perspective view of an
EEG and NIRS sensor module for brain activity meas-
urement according to a forth exemplary embodiment
comprising the PCBA with ASIC and the electrodes with
optical and electrical conductors.

Claims

1. A sensor module (S1) for brain activity measure-
ment, comprising a main electrode base (3) and a
plurality of pins (2) protruding from that main elec-
trode base, configured such that, when applied on a
subject, the pins (2) make contact or are in close
proximity to the subject’s skin, and wherein
the electrode base (3) comprises electronic circuitry
for NIRS and EEG measurement, said electronic cir-
cuitry being connected to said plurality of pins (2);
and
the plurality of pins (2) comprise a number of elec-
trically conductive pins and at least one source
waveguide pin configured for light emitting purposes
and/or at least one detector waveguide pin config-
ured for light detection purposes.
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10.

1.

12.

A sensor module (S1) for brain activity measurement
according to any preceding claim wherein the elec-
trical conductive pins are connected to EEG meas-
urement circuitry and the at least one source and/or
detector waveguide pins are connected to NIRS
measurement circuitry.

A sensor module (S1) for brain activity measurement
according to any preceding claim, wherein the NIRS
measurement circuitry comprises at least one light
emitting circuit (L1to L4) includinga LED and at least
one lightdetection circuit (P1to P5) including a photo
detector.

A sensor module (S1) for brain activity measurement
according to claim 3 wherein the photo detector is a
Silicon Avalanche photo diode (SIAPD).

A sensor module (S1) for brain activity measurement
according to any preceding claim, wherein the NIRS
measurement circuitry is configured for controlling
the light emitting and detection circuits such as to
create a plurality of source-detection pairs.

A sensor module (S1) for brain activity measurement
according to any preceding claim, wherein the plu-
rality of pins (2) comprise pins that can conduct both
light and electricity and can be configured for EEG
and/or NIRS measurement.

A sensor module (S1) for brain activity measurement
according to claim 6, wherein said plurality of pins
(2) comprise an outer electrically conductive surface
or layer (40) with an inner waveguide core (50).

A sensor module (S1) for brain activity measurement
according to claim 7, wherein the outer electrically
conductive layer (40) is a conductive mesh.

A sensor module (S1) for brain activity measurement
according to claim 8, wherein the conductive mesh
comprises a woven fabric, comprising a plurality of
conductive wires or fibres designed for being flexible
and ensuring conductivity of the pins.

A sensor module (S1) for brain activity measurement
according to any of claims 7 to claim 9, wherein the
inner core (50) comprises a transparent silicone.

A sensor module (S1) for brain activity measurement
according to claim 6,

wherein said plurality of pins (2) comprise a material
that can conduct both light and electricity.

A sensor module (S1) for biosignal activity measure-
ment, comprising a main

electrode base (3) and a plurality of pins (2) protrud-
ing from that main electrode base, configured such



9 EP 3 184 043 A1

that, when applied on a subject, the pins (2) make
contact or are in close proximity to the subject’s skin,
and wherein

the electrode base (3) comprises electronic cir-
cuitry for biosignal measurement, said electron-
ic circuitry being connected to said plurality of
pins (2); and

the plurality of pins (2) comprise pins that can
conduct both light and electricity.

13. A holder arrangement (15) configured for being ap-
plied on a subject and
comprising at least one sensor module (S1) for brain
activity measurement according to any of the pre-
ceding claims.

14. A system (100) for biosignal activity measurement
comprising a plurality of
sensor modules (S1 to S9) for brain activity meas-
urement according to any of claims 1 to 12.

15. A system (100) for biosignal activity measurement
according to claim 14 further comprising a control
module (CM) configured for controlling activity
and/or receiving measurements from the plurality of
sensor modules (S1 to S9).

10

15

20

25

30

35

40

45

50

55

10



EP 3 184 043 A1

Figure 1

. [
o

LN
(a1

25
35



EP 3 184 043 A1

Gﬂ) Detector Waveguide pin

@ Source Waveguide pin

) Conductive pin




EP 3 184 043 A1

pin
40
50

2 Dual

Figure 3

60

pin

2 Dual

Figure 4



EP 3 184 043 A1

Figure 5

PCBA with ASIC

Electrode with optical and
electrical conductino

10



10

15

20

25

30

35

40

45

50

55

European
Patent Office
Office européen

Europiisches
Patentamt

des brevets

EUROPEAN SEARCH REPORT

EP 3 184 043 A1

Application Number

EP 16 20 4491

DOCUMENTS CONSIDERED TO BE RELEVANT
Category Citation of document with indication, where appropriate, Re\eyant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X MOHAMAD SAWAN ET AL: "Wireless Recording |1-15 INV.
Systems: From Noninvasive EEG-NIRS to A61B5/0408
Invasive EEG Devices", A61B5/00
IEEE TRANSACTIONS ON BIOMEDICAL CIRCUITS A61B5/0478
AND SYSTEMS, IEEE, US,
vol. 7, no. 2, 1 April 2013 (2013-04-01),
pages 186-195, XP011507013,
ISSN: 1932-4545, DOI:
10.1109/TBCAS.2013.2255595
* see items "A. Noninvasive Studies" on
pages 187, 188.;
figures 1-3 *
X ALMAJIDY RAND K ET AL: "Novel near 1-15
infrared sensors for hybrid BCI
applications",
PROGRESS IN BIOMEDICAL OPTICS AND IMAGING,
SPIE - INTERNATIONAL SOCIETY FOR OPTICAL
ENGINEERING, BELLINGHAM, WA, US,
vol. 9536, 14 July 2015 (2015-07-14),
pages 95361H-95361H, XP060056545, TECHNICAL FIELDS
ISSN: 1605-7422, DOI: 10.1117/12.2182066 SEARchED PO
ISBN: 978-1-5106-0027-0 A61B
* abstract *
* See item "2. METHODOLOGY; 2.1 The sensor
module". *
X SAFAIE J ET AL: "Toward a fully 1-15
integrated wireless wearable EEG-NIRS
bimodal acquisition system",
JOURNAL OF NEURAL ENGINEERING, INSTITUTE
OF PHYSICS PUBLISHING, BRISTOL, GB,
vol. 10, no. 5, 26 July 2013 (2013-07-26),
page 56001, XP020251705,
ISSN: 1741-2552, DOI:
10.1088/1741-2560/10/5/056001
[retrieved on 2013-07-26]
* the whole document *
- / -
) The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
g The Hague 8 May 2017 Dhervé, Gwenaélle
% CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
2 E : earlier patent document, but published on, or
b4 X : partioularly relevant if taken alone after the filing date
[ Y : particularly relevant if combined with another D : document cited in the application
z dooument of the same category L : document cited for other reasons
T Atechnological background e e e
Q O : non-written disclosure & : member of the same patent family, correspanding
o P : intermediate document document

11

page 1 of




10

15

20

25

30

35

40

45

50

55

EP 3 184 043 A1

D)

Europiisches
Patentamt

European
Patent Office

Office européen
des brevets

EUROPEAN SEARCH REPORT

Application Number

EP 16 20 4491

DOCUMENTS CONSIDERED TO BE RELEVANT

Category

Citation of document with indication, where appropriate,
of relevant passages

Relevant CLASSIFICATION OF THE
to claim APPLICATION (IPC)

A

Vojkan Mihajlovi ET AL: "The Need for
Adequate EEG Modeling and Personalization
in Daily Life Cognitive Engagement
Monitoring",

1 April 2015 (2015-04-01), pages 368-373,
XP055370309,

Retrieved from the Internet:
URL:http://ieecexplore.ieee.org/ielx7/71319
36/7146535/07146636.pdf?tp=&arnumber=71466
368&isnumber=7146535

[retrieved on 2017-05-08]

* See item "III. EVALUATION PROTOCOL; A.
Setup". *

W0 20157143031 AL (NEUROTOPIA INC [US])

24 September 2015 (2015-09-24)

* page 8, line 21 - page 9, Tine 8; figure
18 *

COOPER R J ET AL: "Design and evaluation
of a probe for simultaneous EEG and
near-infrared imaging of cortical
activation; Design and evaluation of a
probe for simultaneous EEG and NIR imaging
of cortical activation",

PHYSICS IN MEDICINE AND BIOLOGY, INSTITUTE
OF PHYSICS PUBLISHING, BRISTOL GB,

vol. 54, no. 7, 7 April 2009 (2009-04-07),
pages 2093-2102, XP920149910,

ISSN: 0031-9155

* See item "2. Methods, 2.1.
Opto-electrode probe". *

no

The present search report has been drawn up for all claims

1

—_

6-12 TECHNICAL FIELDS
SEARCHED (IPC)

Place of search Date of completion of the search

The Hague 8 May 2017

Examiner

Dhervé, Gwenaélle

EPO FORM 1503 03.82 (P04C01)

X : partioularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document document

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

after the filing date

& : member of the same patent family, correspanding

D : document cited in the application
L : document cited for other reasons

12

page 2 of




10

15

20

25

30

35

40

45

50

55

des brevets

EP 3 184 043 A1

Europiisches

Patentamt

Fatont o ication Number
0)» e EUROPEAN SEARCH REPORT Application fumbe

EP 16 20 4491

DOCUMENTS CONSIDERED TO BE RELEVANT

Category

Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE

of relevant passages

to claim

APPLICATION (IPC)

A

DUFOUR SUZIE ET AL: '"Optrodes for
combined optogenetics and
electrophysiology in Tive animals",
NEUROPHOTONICS, SOCIETY OF PHOTO-OPTICAL
INSTRUMENTATION ENGINEERS, 1000 20TH ST.
BELLINGHAM WA 98225-6705 USA,

vol. 2, no. 3, 1 July 2015 (2015-07-01),
page 31205, XP060072808,

ISSN: 2329-423X, DOI:
10.1117/1.NPH.2.3.031205

[retrieved on 2015-07-02]

* see, in item "4. Combining Light
Delivery with Electrographic Recordings:
Optrodes Designs", the items "4.1
Preliminary Designs" and "4.4 Optrodes in
Freely Behaving Animals" *

S-T LIN ET AL: "Flexible optitrode for
localized light delivery and electrical
recording",

OPTICS LETTERS, OPTICAL SOCIETY OF
AMERICA,

vol. 37, no. 11, 1 June 2012 (2012-06-01),
pages 1781-1783, XP001575801,

ISSN: 0146-9592, DOI: 10.1364/0L.37.001781
[retrieved on 2012-05-16]

* the whole document *

no

The present search report has been drawn up for all claims

6-12

6-12

TECHNICAL FIELDS
SEARCHED (IPC)

Place of search Date of completion of the search

The Hague 8 May 2017

Examiner

Dhervé, Gwenaélle

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

EPO FORM 1503 03.82 (P04C01)

X : partioularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& member of the same patent family, corresponding
document

13

page 3 of




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 3 184 043 A1

ANNEX TO THE EUROPEAN SEARCH REPORT
ON EUROPEAN PATENT APPLICATION NO. EP 16 20 4491

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

08-05-2617
Patent document Publication Patent family Publication
cited in search report date member(s) date

W0 2015143031 Al 24-09-2015  NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

14



EP 3 184 043 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

+ US 20140018640 A1 [0003]

Non-patent literature cited in the description
* TZYY-PING JUNG et al. Concurrent EEG and NIRS

tomographic imaging based on wearable electro-op-
todes. University of California, 13 April 2014 [0004]

15



THMBW(EF)

[ i (S RIR) A ()

RE(EFR)AGE)

HERB(E R AGE)

FRI&R BB A

AN

BEG®F)

ATEMESEDNENEL R
EP3184043A1
EP2016204491

REREER F
FEBFIMECTT =

IMEC VZW

IMEC STICHTING NEDERLAND

IMEC VZW

IMEC STICHTING NEDERLAND

MITRA MR SRINJOY

GRUNDLEHNER MR BERNARD

MITRA, MR. SRINJOY

, REMZRTE

2017-06-28

2016-12-15

GRUNDLEHNER, MR. BERNARD

A61B5/0408 A61B5/00 A61B5/0478

AG61B5/0478 A61B5/0075 A61B5/0082 A61B5/6814 A61B2562/066 A61B2562/16

2015202202 2015-12-22 EP

Espacenet

—MATENESEINENERB[EIR (S1) , BEEZBREE (3) A

MMNZEBREERENZNE (2) , HOERESIEMENRLE
B, 8 (2) BEEMRBAZRENRK  AEREPEREE (3)2
ERTEMESNENSE TR RS FBERERIANES MY

(2);Z40EIH (2) BN SHEMAEL I REATREBEHN
FRSENHEL —NREMAT LN ENORNFZRSE.

S Loy
2 4 ?® @ : A .
| H 7
\\\@,,@,,@l’

patsnap

(D Detector Waveguide pin
@ Source Waveguide pin

Conductive pin


https://share-analytics.zhihuiya.com/view/37fa5a84-6d66-442f-b93c-d2a10118a2a8
https://worldwide.espacenet.com/patent/search/family/055072461/publication/EP3184043A1?q=EP3184043A1

