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HEADSET FOR BIO-SIGNALS ACQUISITION

FIELD OF INVENTION

[0001] The present invention relates to a set for bio-signals
acquisition. The present invention particularly relates to a
headset comprising electrodes enabling the acquisition of
bio-signals, said headset having a collapsed state and an
expanded state wherein the electrodes are in contact with the
skin.

BACKGROUND OF INVENTION

[0002] Bio-signal is an ultra-fine biomedical signal flowing
through the human body. The bio-signal has the shape of
current or voltage generated for example from a nerve cell or
a muscular cell. The measurement of the bio-signal may be
achieved by a surface electrode placed onto the skin and made
of a conductor material through which current flows. The
group of electro-biological measurement comprises items
such as electrocardiography (ECG, heart), electromyography
(EMG, muscular contraction), electroencephalography
(EEG, brain wave), magnetoencephalography (MEG, brain
wave), electrograstrography (EGG, stomach), electrooculog-
raphy (EOG, eye dipole field). When acquired and trans-
formed into electrical form, bio-signals tend to be described
by low voltages, and acquisition of the bio-signals may cap-
ture unwanted noise, such as common mode noise (e.g. direct
current (DC), offsets from bio-signal detectors, radio fre-
quency interference). Furthermore, biological artifacts can
also contaminate acquired bio-signals. The unwanted noise or
artifacts can be at a higher voltage than the desired bio-signal,
which makes the acquisition process complicated and expen-
sive. Particularly, EEG signals typically range from 10 uV to
100 uV, and can easily be contaminated by the subject’s
physiological activities for example by any minor movement
(eye movement), ECG (pulse), EMG (muscle activation espe-
cially biting and blinking), breathing etc.

[0003] The EEG recording electrodes are critical for
acquiring appropriately high quality data. One of the noise
cancelling technique involves conditioning the skin where the
electrode must be applied to minimize impedance at the skin
interface and to minimize interference. Typically, preparation
at the skin interface is invasive including abrasive, depilatory
operation, or incisions for scraping skin. Another approach to
minimize impedance and interference is to fill the gap
between the electrode and the skin interface with a conduc-
tion media such as a conductive gel or saline solution. One of
the main advantages of gel based electrodes is their robust
signal quality, but the main disadvantages are the long mon-
tage time and the need to wash the cap and the user’s hair after
the recording. Therefore, for acquiring bio-signal on the head
of a subject, it is appropriate to provide a non-invasive and
gel-free electrode guaranteeing the quality of the signal
acquisition.

[0004] Dry electrodes, using a direct current path between
subject’s skin to acquire a signal and designed to operate
without an explicit electrolyte, are well-known. However,
employing dry electrodes in order to acquire a signal from the
skin, particularly EEG, is somewhat more challenging in
practice due to the high-resistance layer of the skin, presence
of hair, and the relative motion of electrodes with respect to
the body creating friction movement of electrodes in contact
with the body surface. Indeed, dry electrodes which do not
have the benefit of a conductive gel are much more sensitive

Jun. 9, 2016

to the condition of the skin and are highly susceptible to
motion artifacts, poor electrical conductance due to a very
high impedance or any interference sources.

[0005] Therefore, there is still a need to provide a technical
solution to solve the issue of electrode-skin dry contact for a
low-noise, low-artifact bio-signal sensing. For EEG, record-
ing high quality signals reliably through thick layers of hair
remains one of the key challenges for enhancing the signal-
to-noise ratio.

[0006] Theuse of aheadset for positioning electrode on the
subjects’ head is well-known. For example, U.S. Pat. No.
8,706,182 discloses a headband that can be used for bio-
sensing including a plurality of electrodes impregnated with
an electrolytic solution. The headset is designed for bringing
into contact bio-signal electrodes with site where hair exists.
The headset includes an arched shape principal headband
extending from the forehead to the parietal and occipital lobes
of the subject which comprises occipital and parietal elec-
trodes for measuring EEG. The principal headband holds the
headset with its elastic force. The headband also comprises
four arms extending from the principal headband, each sup-
porting electrodes: a right and left electro-ocular electrodes
designed for being positioned on temples and; a right and a
left reference electrodes positioned on earlobes. The elec-
trode includes terminal rod-like members bearing tips, said
members being inclined ata certain angle toward the plane on
which their tips are positioned for ensuring a contact between
the skin and the tips. Contrary to the present invention, this
kind of headset does not provide direct contact between the
dry electrodes and the skin, as the electrodes do not com-
pletely pass through the hair. Moreover, the number and the
location of the electrodes are fixed therefore preventing the
electrodes to measure other signal than parietal and occipital
brain waves. This example also put the emphasis on a problem
commonly encountered in the practice of EEG acquisition by
means of a headset: it cannot be put instantaneously in the
right position instantaneously, in a single move, while main-
taining the headset in a stable and comfortable position.

[0007] The present invention is designed to avoid the dis-
advantages of the prior art by providing a headset for mea-
suring bio-signals by means of dry electrodes (i.e. direct skin
contact electrodes) for a low-noise, low-artifact bio-signal
sensing which can be positioned on a head instantaneously,
according to the usual 10-20 and 10-10 systems (Jurcak,
Tsuzuki, & Dan, 2007) for scalp locations definition.

SUMMARY

[0008] Therefore, the invention relates to a headset com-
prising flexible branches for suitable positioning dry elec-
trodes in contact with the skin, particularly for bringing into
optimal direct contact said bio-signal electrodes with the skin
site, even when hair exits on the skin sites. The headset is also
configured for preventing undue movement of the electrodes
in contact with the skin surface thereby reducing the artifacts.
The specific design of the headset enables instantaneous cor-
rect positioning of the headset, in a single movement. During
this movement, the dry electrodes slide over the head of the
user from the top of the head to its correct location, and passes
through the hair. The use of the headset is painless, non-
incisive and comfortable. The electrode headset does not
cover the entire upper surface of the subject’s head, while
being sufficiently comfortable and discrete for a use in a
clinical or a non-clinical environment. Moreover, said head-
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set enables to choose the location and the number of branches
on the skin depending on the requirement.

[0009] The present invention relates a headset for acquisi-
tion of a bio-signal from a subject, comprising:

[0010] ahub;

[0011] atleast 3 flexible branches, each branch having a
first end extending from the hub and a second free end,
the at least 3 flexible branches defining an opening
formed by the relative position of said free ends; and

[0012] at least 3 electrodes, wherein at least one elec-
trode is located on each of the at least 3 flexible branches,
said electrodes being configured for acquiring a bio-
signal;

[0013] wherein the at least 3 flexible branches have a col-
lapsed state; and an expanded state wherein the at least 3
electrodes are in contact with the scalp of said subject; and the
headset is expanded from its collapsed state to its expanded
state by placing the free ends on the top of head of the subject
and progressively lowering and sliding the same with contact
to the scalp until the hub is contacted with the top of the head
of the subject.

[0014] In one embodiment, progressively lowering and
sliding the free ends with contact to the scalp ensures constant
contact of the electrodes with the scalp.

[0015] The present invention relates a headset for bio-sig-
nal acquisition comprising:

[0016] ahub;

[0017] atleast 3 flexible branches, each branch having a
first end extending from the hub and a second free end,
the at least 3 flexible branches defining an opening
formed by the relative position of said free ends; and

[0018] at least 3 electrodes, wherein at least one elec-
trode is located on each of the at least 3 flexible branches,
said electrodes being configured for acquiring a bio-
signal;

[0019] wherein the at least 3 flexible branches have a col-
lapsed state and an expanded state; and wherein one dimen-
sion of the opening in the expanded state is at least 1.5 times
higher than said dimension in the collapsed state.

[0020] In one embodiment, one dimension of the opening
in the expanded state is at least 1.5 times higher than said
dimension in the collapsed state. In one embodiment, each
flexible branch exhibits an angle between the expanded con-
figuration and the collapsed configuration ranging from 2° to
70°.

[0021] In one embodiment, each of the electrodes com-
prises at least one pin having a first free end comprising a skin
contact interface and a second end connected to at least one
flexure element. In one embodiment, each of the electrodes
comprise at least two pins having a first free end comprising
a skin contact interface and a second end connected to at least
one flexure element.

[0022] Inoneembodiment, said at least 3 flexible branches
are resiliently deformable. In one embodiment, said at least 3
flexible branches are made of a polypropylene or a silicon
based material.

[0023] In one embodiment, the at least 3 electrodes com-
prise a ground electrode, a reference electrode, and at least
one acquisition electrode. In one embodiment, the at least 3
electrodes comprise at least one dry electrode.

[0024] In one embodiment, said at least 3 electrodes are
configured to carry out an electroencephalography (EEG),
and/or optionally electromyography (EMG), electrooculog-
raphy (EOG) or electrocardiography (ECG).
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[0025] In one embodiment, the headset is modular.

[0026] Inoneembodiment, the headset device is connected
to a bio-signal processor for analyzing and interpreting the
measured bio-signal. In one embodiment, the headset device
further comprises at least one earphone. In one embodiment,
the headset device comprises an electronic circuit for acquir-
ing a bio-signal comprising an amplifier, an A/D converter
and a signal filter. In one embodiment, the headset device
further comprises a wireless transmitter and/or receiver.
[0027] The present invention also relates to a method of
providing neurofeedback to at least one subject, the method
comprising the following steps:

[0028] placing over the head of a subject an headset for
bio-signal acquisition comprising:

[0029] ahub;

[0030] atleast3 flexible branches, each branch having
a first end extending from the hub and a second free
end, the at least 3 flexible branches defining an open-
ing formed by the relative position of said free ends;
and

[0031] atleast 3 electrodes, wherein at least one elec-
trode is located on each of the at least 3 flexible
branches, said electrodes being configured for acquir-
ing a bio-signal;

[0032] wherein the at least 3 flexible branches have a
collapsed state; and an expanded state wherein the at
least 3 electrodes are in contact with the scalp of said
subject; and

[0033] progressively lowering and sliding the free ends
with contact to the scalp until the hub is contacted with
the top of the head of the subject;

[0034] acquiring a bio-signal using the headset;
[0035] analyzing the bio-signal; and
[0036] providing a feedback to said subject in accor-

dance with the measured bio-signal.
[0037] Inone embodiment, analyze of the bio-signal com-
prises correlating the bio-signal with a specific mental state
and providing the subject with a feedback comprising at least
one suggestion for improving the subject mental state. In one
embodiment, the feedback is a tactile, visual or auditory
feedback.

DEFINITIONS

[0038] In the present invention, the following terms have
the following meanings:

[0039] “Acquisition electrode” refers to an active or pas-
sive electrode designed for measuring a bio-signal.

[0040] “Active electrode” refers to an electrode compris-
ing at least one amplifier and optionally other electronic
components.

[0041] “Branch” refers to an elongated member extend-
ing from the hub and having a convex shape designed for
imposing a mechanical load (i.e. a pressure) when said
branch are in contact with the skin, in situ.

[0042] “Collapsed state” refers to the non-deformed
state of the headset wherein the flexible branches are
retracted such that the opening formed by the second
free ends of the flexible branches is smaller than the
opening formed by the second free ends of the flexible
branches in the expanded state.

[0043] “Contact” or “direct contact” refers to the imme-
diate proximity with the skin of a subject providing a
direct current path between an electrode and the sub-
ject’s body for acquiring a bio-signal.



US 2016/0157777 Al

[0044] “Dry electrode” refers to an electrode which does
not necessitate the use of an electrolyte (for example a
conductive gel) for acquiring a bio-signal, (e.g. an elec-
trode comprising pins spring loaded electrode).

[0045] “Expanded state” refers to the state of the headset
inuse (i.e. in a stable position on the head of the subject),
wherein the flexible branches are deformed due to the
pressure applied by the flexible branch in contact with
the skin.

[0046] “Flexure element” refers to an elastic support
which is reversibly deformable and configured for sup-
porting and for moving at least one pin along at least an
axis. The flexure element enables the distance between
the headset and the pin to vary within a certain range
determined by the amount of flex permitted by the flex-
ure element. A flexure element is for example a spring,
an elastic membrane or any other means known to those
skilled in the art.

[0047] “Ground electrode” or “bias electrode” refers to
an electrode configured to serve as a common reference
point for all voltage in the system. In one embodiment,
the ground electrode can bias the subject’s body to a
known reference potential used for the built-in drive
amplifier in the hub.

[0048] “Load angle” or “angle” refers to the angle
between a branch in the expanded configuration and said
branch in the collapsed configuration. Said angle corre-
sponds to the deviation of a branch in the expanded state
relative to the collapsed state.

[0049] “Mental state” refers to amental condition related
to conscious or unconscious brain mechanisms. Said
mental state can be measured, for example in order to
quantify or model an intellectual, emotional, psycho-
logical brain process.

[0050] “Modular” refers to the interchangeable design of
the headset which is built and organized in self-con-
tained units. Thus, in one embodiment, the headset is
configured to allow flexible individual branches, elec-
trodes or pins to be added to the basic headset compris-
ing at least 3 electrodes depending on the requirement.
According to one embodiment, the headset is modular
for bringing a unit at any location on the head of the
subject. The term “modular” may also refer to fact that
said individual units can be easily mounted or replaced
independently of the other units mounted within the
headset.

[0051] “Near” (the second free end) means that an ele-
ment is located on a flexible branch at a short distance
from a location, preferably at a distance less than one
half of the length of the flexible branch (i.e. the dimen-
sion extending from the hub to the free end).

[0052] “Opening dimension” refers to a quantitative
value defining the size of the opening formed by the
second free ends. According to one embodiment, said
dimension is a branch span, the circumference of the
opening formed by the free ends of the flexible branches
or the pitch between two adjacent free ends.

[0053] “Pitch” refers to the dimension of the gap
between two adjacent free ends of two adjacent flexible
branches.

[0054] “Passive electrode” refers to an electrode which
does not comprise any amplifier.
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[0055] “Pin” refers to a rod-like or an elongated member
comprising a first free end comprising a skin contact
interface and a second end connected to at least one
flexure element.

[0056] “Reference electrode” refers to an electrode to
which signals received from another electrode can be
compared as a potential difference in order to measure
the voltage between the two electrodes.

[0057] “‘Subject” refers to an animal, preferably a mam-
mal, more preferably a human. The subject may be a
patient, i.e. the subject is awaiting the receipt of, or is
receiving medical care or is/will be the object of a medi-
cal procedure.

[0058] “Span” refers to the dimension of the gap
between two opposite flexible branches, from one free
end of a flexible ranch, to the opposite free end.

[0059] “10-20 system” refers to an internationally rec-
ognized method describing the location of scalp elec-
trodes in the context of an EEG test or experiment. The
“10” and “20” refer to the fact that the actual distances
between adjacent electrodes are either 10% or 20% of
the total front-back or right-left distance of the skull. The
letters F, T, C, P and O stand for frontal, temporal,
central, parietal, and occipital lobes, respectively. Even
numbers (e.g. 2, 4, 6, 8) refer to electrode positions on
the right hemisphere, whereas odd numbers (e.g. 1, 3, 5,
7) refer to those on the left hemisphere. In addition, the
letter codes A, Pg and Fp identifies the earlobes,
nasopharyngeal and frontal polar sites respectively.

DETAILED DESCRIPTION

[0060] This invention relates a headset for bio-signals
acquisition configured for positioning one or more electrodes
mounted on the headset within a predetermined target region
ona subject’s head (based on the 10-20 system). Target region
is chosen in accordance with a desired electrode placement
scheme (e.g. on parietal and occipital lobes) depending on
nature of the measurement. For example, the measurement is
several EEG at different locations in order to define a mental
state.

[0061] Referringto FIG. 1, the headset for bio-signal acqui-
sition comprises a hub (4); atleast 3 flexible branches (1, 2, 3),
each branch having a first end (14, 24, 3a) extending from the
hub (4) and a second free end (15, 26, 3b) defining an opening
formed by the relative position of said free ends (15, 26, 3b).
The headset also comprises at least 3 electrodes (5), wherein
at least one electrode is located on each of the at least 3
flexible branches (1, 2, 3), said electrodes (5) being config-
ured for acquiring a bio-signal.

[0062] The at least 3 flexible branches (1, 2, 3) of the
headset are configured to have reversibly a collapsed state and
an expanded state; wherein in the expanded state, the opening
is larger than in the collapsed state; wherein in the expanded
state, the at least 3 electrodes are in contact with the skin; and
wherein after being placed over the head of a subject, the
headset device reaches the expanded state by progressive
lowering the headset device until the hub is in contact with the
top of the head of the subject. In the expanded state, the
electrodes (5) and the flexible branches (1, 2, 3) maintain the
headset in situ.

[0063] According to one embodiment, said at least 3 flex-
ible branches (1, 2, 3) are mechanically connected to the hub
(4). In one embodiment, the at least 3 flexible branches (1, 2,
3) are reversibly connected. In one other embodiment, the
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headset is made of a single piece, the hub (4) and the at least
3 flexible branches (1, 2, 3) being integral (i.e. are irreversibly
connected). According to one embodiment, the headset made
of a single piece is manufactured by molding processes such
as compression molding; extrusion molding; injection mold-
ing; blow molding; casting; extrusion; 3D printing process,
etc.

[0064] According to one embodiment, the hub (4) has any
form or shape suitable for maintaining said at least 3 flexible
branches (1, 2, 3) in a stable position on the top of the head of
a subject, for example the hub (4) has a concave diamond
shape or a concave triangular shape (as seen in FIGS. 1-7).
[0065] According to one embodiment, the headset com-
prises atleast 3,4, 5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17
or 18 flexible branches (1, 2, 3).

[0066] According to one embodiment, said at least 3 flex-
ible branches (1, 2, 3) are resiliently deformable.

[0067] According to one embodiment, said at least 3 flex-
ible branches (1, 2, 3) are configured for being deformable
thereby enabling the opening formed by the second free ends
(14, 2b, 3b) to be modified (e.g. the size and shape of the
opening). In one embodiment, the dimension of opening
formed by the second free ends (15, 25, 35) may be measured
by means of a load angle (a, ), a branch span, a circumfer-
ence or a pitch between two flexible branches free ends (15,
2b, 3b). According to one embodiment, the load angle of the
headset device is ranging from 2 to 70°, or from 5 to 70°, or
from 10 to 70°, or from 15 to 70°, or from 20 to 70°, or from
30 to 70°, or from 40 to 70°, or from 50 to 70°, or from 60 to
70°. In one embodiment, the headset in the expanded state has
a branch span ranging from 10 cm to 30 cm, or from 12 cm to
20 cm. In one embodiment, the headset in the expanded state
has a circumference formed by the free ends of the flexible
branches (15, 2b, 3b) ranging from 30 cm to 70 cm, ranging
from 52 ¢cm to 62 cm. In one embodiment, the headset in the
expanded state has a pitch from two flexible branches (1, 2, 3)
ranging from 5 cm to 20 cm, Sto 15 cmor 5 to 10 cm.
[0068] According to one embodiment, the headset device is
made of made a polypropylene based material. According to
one embodiment, the headset is made of silicon based mate-
rial. According to one embodiment, the headset is at least
partially made of metal, metal alloy, plastic, polymer, com-
posite or a mixture thereof. According to one embodiment,
said at least 3 flexible branches (1, 2, 3) are partially made of
metals rods.

[0069] According to one embodiment, said material pro-
videto the flexible branches (1, 2, 3) at least enough flexibility
to flex in response to the headset positioning on a subject head
such that the flexible branches (1, 2, 3) impose a painless
pressure on the subject head and maintain the electrodes (5) in
contact with the skin. According to one embodiment, aid
material provide to the flexible branches (1, 2, 3) at least
enough elasticity and flexibility so that the headset can move
between an expanded configuration to a collapsed configura-
tion without breaking or without being plastically deformed
(i.e. permanently and irreversibly deformed). According to
one embodiment, the flexible branches (1, 2, 3) exhibit a shore
hardness ranging from 50 to 95 Shores.

[0070] According to one embodiment, the headset is made
from an isolating material i.e. enabling to isolate the wire
connected to the electrodes (5) located inside the headset
structure. Advantageously, said isolating material may pro-
vide isolation of the bio-signal from environmental interfer-
ences. According to one embodiment, the headset structure
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(i.e. the flexible branches (1, 2, 3) and the hub (4)) encloses
electronic wires/channels connected to each electrode (5)
located on each flexible branch (1, 2, 3) and conducting the
bio-signal. In one embodiment, the headset structure com-
prises electronic components such as for example an elec-
tronic circuit or wireless transmitter/transceiver. This
embodiment is advantageous in the case of passive dry elec-
trodes.

[0071] According to one embodiment, the pressure
imposed by the flexible branches (1, 2, 3) and/or the elec-
trodes (5) to the skin is less than 5N, for example 0.25N,
0.75N, 1IN, 2N, 3N, 4N, 5N, or less. According to a one
embodiment, the pressure imposed by the headset in contact
with the skin may vary, depending on the location on the head
and the sensitivity of a subject.

[0072] According to one embodiment, a flexible branch (1,
2, 3) has a circular, oval, rectangular, triangular or square
section or any geometry which has an ergonomic shape and is
designed for guaranteeing the suitable flexibility and the elas-
ticity of the flexible branches (1, 2, 3). For example, the
flexible branches (1, 2, 3) may have a section having one or
two dimensions (e.g. a diameter, a width, a length) ranging
from 1 mm to 1 cm, or from 1 to 5 mm.

[0073] According to one embodiment, said at least 3 flex-
ible branches (1, 2, 3) consist of a single ramification. Accord-
ing to one other embodiment, the at least 3 flexible branches
(1,2, 3) are made of several ramifications for example at least
2,3,4,5,6,7,8, 9 or 10 ramifications.

[0074] According to one embodiment, a flexible branch (1,
2,3) has a length (i.e. the dimension of the flexible branch (1,
2, 3) extending from the hub (4) to the free end (15, 25, 35))
ranging from 1 cm to 30 cm, or 10to 15 cm. According to one
embodiment, the at least flexible branch (1, 2, 3) have differ-
ent length depending on the part of the head to be reached, the
size and the shape of the skull of the subject. The at least 3
flexible branches (1, 2, 3) may have different size and shape
depending the bio signal to be measured. For example the size
and the shape depend on the subject morphology, the area that
is suitable to reach for measuring a bio-signal (e.g. an EEG, an
ECG) ata desired location while ensuring a stable position of
the headset on the subject’s head.

[0075] According to one embodiment, said at least 3 flex-
ible branches (1, 2, 3) are telescopic i.e. extensible or com-
pressible by the sliding of overlapping sections. According to
one embodiment, the flexible branches (1, 2, 3) has a variable
length which can be adjusted (i.e. may be shortened or length-
ened) depending on the requirement.

[0076] Advantageously, the at least 3 flexible branches (1,
2, 3) are designed for being adaptable to any size and shape of
a subject. Indeed, each individual has a unique morphology;
particularly a unique skull shape. Said flexible branches (1, 2,
3) are adaptable to any skull by providing at least 3 contacts
points in contact with the skin, located on the free ends (15,
2b, 3b) of the flexible branches (1, 2, 3). Moreover, the flex-
ibility and the reduced number of branches improve the
adaptability of the headset to any kind of skull morphology.

[0077] According to one embodiment, the headset com-
prises at least 3 electrodes (5), at least one electrode (5) is
located on each of the at least 3 flexible branches (1, 2, 3). The
electrodes are configured for acquiring bio-signals.

[0078] According to one embodiment, the electrodes (5)
are positioned on the internal surface of the headset (i.e. the
hub (4) or the flexible branches (1, 2, 3)). According to one
embodiment, the electrodes (5) are located on the internal
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surface near the second free end (15, 256, 3b) of the flexible
branches (1, 2, 3). In one embodiment, the electrodes (5) are
located at the end of a flexible branch (1, 2, 3). According to
one embodiment, the electrodes (5) are positioned at any
location along the internal surface of the headset.

[0079] Advantageously, the electrode (5) located at the end
of'a flexible branch (1, 2, 3) improves the pressure applied on
the electrodes in contact with the skin of the subject, in situ.
Consequently, said electrodes (5) also improve the secured
positioning of the headset on a subject’s head.

[0080] According to one embodiment, said at least 3 elec-
trodes (5) comprise a ground electrode, a reference electrode
and at least one acquisition electrode.

[0081] Bio-signal records are bipolar i.e. they represent the
difference in potential between the acquisition electrode of
interest, and a reference electrode. In one embodiment the
reference and ground electrodes are placed on the skin to
measure brain signal compare to another brain signal as ref-
erence. Biological activity (such as brain activity) but also
environmental electric and magnetic fields may generate skin
difference in potential. Therefore the headset of the invention
also includes a ground electrode which isolates a human
subject from the ground of the power supply. This configura-
tion comprising a ground, a reference and an acquisition
electrode is designed to reject the spatially constant common-
mode potential and amplify the difference in potential
between pairs of skin locations such that the output voltage is
proportional to skin difference in potential difference gener-
ated within the body. Impedances for all acquisition elec-
trodes are compared to both the ground and the reference
electrode during data processing.

[0082] According to one embodiment, the headset includes
at least one ground electrode and at least one reference elec-
trode. In some embodiment, both reference and ground elec-
trodes are configured for being located behind the ears, on the
mastoids. According to one embodiment, acquisition elec-
trodes are placed on area where skin voltage is changing and
reference electrode on a neutral site i.e. an area where the skin
voltage vary as little as possible. According to one embodi-
ment, the headset is configured such that the reference elec-
trode is placed on the mastoids, vertex, ear lobes (particularly
ipsilateral-ear, contralateral ear), non-cephalic area or on the
tip of the nose. According to another embodiment, the refer-
ence is calculated by averaging the signal of several acquisi-
tion electrodes. According to one embodiment, the reference
electrode is located on the right side mastoid. According to
one embodiment, the reference electrode is located on the left
side mastoid. Mastoids are two ideal locations to measures
non-brain potentials with a minimal amount of artifacts.
[0083] According to one embodiment, the headset is con-
figured such that the ground electrode is placed on the fore-
head of the subject. In some embodiment, reference electrode
is located at any location on a subject head. According to one
embodiment, the headset is configured such that the ground
electrode is placed on ear location of the subject.

[0084] According to one embodiment, said ground elec-
trode is located on left side mastoid. According to one
embodiment, said ground electrode is located on right side
mastoid.

[0085] According to one embodiment, the headset also
includes at least one electrode (5) placed on the frontal lobe.
In one embodiment, two electrodes (5) respectively located
on the right and on the left hemisphere; and at least one
electrode (5) placed on the parietal lobe. In one embodiment,
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two electrodes (5) respectively located on the right and on the
left hemisphere. According to one embodiment, the headset
comprises several acquisition electrodes, for example 1, 4, 5,
8, 10, 16, 20, 25, 30, 40, or 50 acquisition electrodes. In one
embodiment, the headset may comprise an equal number of
acquisition and reference electrodes, an equal number of
acquisition and ground electrodes and/or an equal number of
both acquisition, ground and reference electrodes.

[0086] Advantageously, said ground electrode enables to
improve and optimize noise reduction in the amplifier, par-
ticularly common mode rejection. A ground electrode is
needed to serve as a common reference point for all voltage in
the system.

[0087] According to one embodiment, each flexible branch
(1, 2, 3) comprises at least one electrode (5).

[0088] According to one embodiment, said at least 3 elec-
trodes (5) comprise at least one dry electrode. According to
one embodiment, the at least 3 electrodes (5) are active elec-
trodes. According to one embodiment, the at least 3 elec-
trodes (5) are passive electrodes. According to one embodi-
ment, at least one acquisition electrode is a dry electrode.
According to one embodiment, the ground and/or the refer-
ence electrodes are passive electrodes. According to one
embodiment, all the acquisition electrodes are dry passive
electrodes (i.e. dry electrodes which have no inbuilt cir-
cuitry). According to a one embodiment, reference and
ground electrodes are dry active electrodes (i.e. dry electrodes
which have an inbuilt circuitry). In some embodiment, the
ground or/and reference electrodes comprises an adherent
substance or a conductive substance. In some embodiment,
all the electrodes (5) located on an area where hair exists are
dry electrodes.

[0089] According to one embodiment, the active electrode
comprises at least one amplifier, said amplifier having a gain
ranging from 1 to 5000 or from 1 to 2500, or from 1 to 1000,
or from 1 to 500. According to one embodiment, the active
electrode comprises an impedance converter. According to
one embodiment, the active electrode comprises an amplifier
and set of protections such as Transient Voltage Suppression
(TVS) diodes and signal frequency filters for example.
[0090] According to one embodiment, the active electrode
comprises an amplifier which has a low intrinsic noise (<76
nV P-P) in the frequency range of 0.1 to 10 Hz for example.
The amplifier may have a low drift and low offset voltage.
This configuration enables to provide the best separation of
bio-signal from interference signals and noise. In some
embodiment, the amplifier has a high common mode rejec-
tion ratio for example at least 110 dB.

[0091] According to one embodiment, each electrode (5) is
electrically connected to an electronic circuit (13) that is
configured to receive and processing a raw signal from the
electrodes (5) and to provide an output signal. According to
one embodiment, electronic circuit (13) is mounted or house
within an active electrode, preferably in acquisition elec-
trodes. According to one embodiment, electronic circuit (13)
is mounted or house within at least one active electrode.
[0092] According to one embodiment, said at least 3 elec-
trodes (5) are configured to carry out an electroencephalog-
raphy (EEG) and/or optionally electromyography (EMG),
electrooculography (EOG) or electrocardiography (ECG).
[0093] In some embodiment, at least 2 acquisition elec-
trodes are configured to carry out an EEG, and optional acqui-
sition electrodes are configured for measuring muscular, car-
diac, ocular activity for correlating bio-signals to a mental
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state, or for improving the signal acquisition by discriminat-
ing different physiological artifacts from the skin voltage.

[0094] According to one embodiment, each of the at least 3
electrodes (5) comprise at least 1 pin (6), said at least one pin
(6) being connected to at least one flexure element (7) at one
first end and comprising a skin contact interface (8) on a
second end. According to one embodiment, the reference,
ground and acquisition electrodes comprise at least one pin
(6). According to one embodiment, the acquisition electrodes
comprise at least one pin (6).

[0095] According to one embodiment, said pins (6) located
in contact with the subject’s skin form a skin contact interface
(8). According to one embodiment, the pins (6) are configured
for passing across the hairs while ensuring a conductive con-
tact. In one embodiment, only the acquisition electrode com-
prises at least two pins (6), said acquisition electrode being
located on the head of the subject. In one embodiment, the
headset comprises at least 1, 2, 4, 8, 16, 20, 24, 28, 32 or 50
pins (6). In one embodiment, pins are rod-like members hav-
ing a diameter ranging from 0.25 mm to 1 cm, or from 1 to 2
mm. In one embodiment, the pins (6) are made in a conductive
material forming elongated protrusions. According to one
embodiment, said elongated protrusions have any shape pro-
viding sufficient and painless contact with the subject skin
through the hair, for example a cylindrical, triangular or rect-
angular shape with a rounded free end forming the skin con-
tact interface (8). According to one embodiment, the ground
and/or reference electrodes which are not located on an area
where hair exists comprise only one single skin contact inter-
face (8) with the skin of the subject.

[0096] According to one embodiment, a pin imposes a pres-
sure applied by the pin in contact with the skin which is less
than 5N, for example 0.25N, 0.75N, 1N, 2N, 3N, 4N, 5N or
less.

[0097] According to one other embodiment, the length of
the pin (6) can be variable and length is ranging from 1 mm to
20 mm, or 4.5 to 7.5 mm. Advantageously, the variability of
the length enables to choose the optimal length depending on
the head location, the hair length and density and more gen-
erally, depending on the subject morphology.

[0098] According to one embodiment, said at least 3 elec-
trodes (5) comprise at least 2 pins (6), each of said at least two
pins (6) being connected to at least one flexure element (7) at
one first end and comprising a skin contact interface (8) on a
second end. According to one embodiment, the at least 2 pins
are arranged electrically in parallel.

[0099] Advantageously, the electrically parallel configura-
tion enables to decrease the contact impedance while acquir-
ing easily much more head points across the hairs. The use of
active electrodes also contributes to reduce the contact
impedance.

[0100] Inone embodiment, dimensions of the pins (6) and
material are configured to provide contact impedance ranging
from 1Q to 300 k€. This impedance will decrease with the
number of pins and their electrically parallel connection,
regardless of the nature of the electrode (i.e. active or pas-
sive). Moreover, active electrode drastically decreased
impedance by using an amplifier as impedance converter
which further decreases said impedance. Indeed, the contact
impedance of non-dry electrode is about 5 k€2 rather than the
contact impedance of a dry electrode could increase until
about 500 k€2 In order to provide an acquisition system com-
prising dry electrodes enabling to perform a bio-signal acqui-
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sition with a quality comparable to a non-dry system, it is
particularly important to reduce said contact impedance.
[0101] According to one embodiment, the contact pattern
of the electrodes (5) in contact with the skin is variable by
means of a matrix setting (10). A matrix setting (10) is an
electrode housing imposing a specific pattern of pins (6)
which enables the pins (6) to be easily and independently
mounted on the headset.

[0102] According to one embodiment, the pins (6) are made
in a material which is water-impermeable, durable and bio-
compatible for skin contact. In one embodiment, said pins (6)
are mounted on a matrix setting (10) imposing a pattern with
a number of pins connections and a predetermined distance
between two pins. Said pins (6) are reversibly connected to
the matrix setting (10), independently from other pins (6). In
one embodiment, the pins (6) are reversibly plugged on the
matrix setting (10). According to one embodiment, the dis-
tance between two pins (6) is ranging from 0.25 mm to 10
mm, or 2 mm to 3 mm. According to one embodiment, the
pins (6) in contact with the skin are made of and optionally
coated with a conductive material.

[0103] According to one embodiment, the skin contact
interface (8) is made of gold. According to one embodiment,
the pin (6) is connected to an electronic interface (9) com-
prising an electronic circuit (13) such as CMS. According to
one embodiment, the end of the pin in contact/connected to
the electronic interface (9) is made of Nickel-Gold. In one
embodiment, the surface quality of the skin contact interface
(8) is configured to be soft or smooth to improve the comfort
of the headset. Advantageously, the pins (6) can make direct
contact with the subject’s skin by means of its protruding
structure which can easily pass through the hair.

[0104] Insome embodiment, reference, ground and acqui-
sition electrodes, more particularly pins (6), are individually
connected to an individual flexure element (7). According to
one embodiment, both pins (6) are connected to a common
flexure element (7). According to an embodiment, the flexure
element (7) is made in a conductive material. For example, a
flexure element (7) may be a metallic spring loaded on a pin
or a flexible conductive membrane. According to one embodi-
ment, reference, ground and acquisition electrodes are
spring-loaded. According to an alternative embodiment, only
acquisition electrodes are spring-loaded. Advantageously, the
flexure element (7) increases the adaptation to the shape of the
skin and allows the pressure imposed by the pins (6) in con-
tact with the skin to be controlled and painless. Said flexure
element (7) pushes the pins (6) through the strands of hair and
maintains a constant painless pressure imposed by the pins
(6) in contact with the skin, for all positions. The flexure
element (7) also allows the distance from the contact element
(i.e. the free end (8) or the pin (6)) to vary within a certain
range determined by the amount of flex permitted by the
flexure element (7) and the flexible branches (1, 2, 3). For
example the distance from the skin interface (8) and circuit
contact interface (9) ranges from 1 mm to 5 mm, or 3 mm to
4 mm. Finally, the use of pins (6) loaded on a flexure element
(7) improves the secured positioning of the headset on the
subject’s head, particularly when the pins (6) are located at
the free end (15, 25, 3b) of the flexible branches (1, 2, 3).
Indeed, the pins (6) provide an additional support on the
subject skin.

[0105] Referring to FIG. 8, the electrode (5) is made of 3
pins (6) loaded on a spring (7). The upper free end (8) of the
pin (6) is intended to be in contact with the skin’s subject and
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thereby forming a skin contact interface (8). The assembly of
said pin (6) and spring (7) are plugged on a matrix setting
(10). The lower end of the spring (7) is connected to a surface
mounted device (CMS) and forms an electronic interface (9)
allowing an electronic connection between a pin (6) and an
electronic circuit (13) for processing the bio-signal.

[0106] Inone embodiment, each electrode (5) comprises at
least one contact element (for example a pin, a protrusion
member, a plate) in contact with the skin of a subject and
designed for conducting a current and optionally said contact
element is connected to a sensor circuitry. In some embodi-
ment, the acquisition electrode for measuring a bio-signal is a
resistive electrode having a direct contact with the skin of the
subject with direct current path between the subject’s skin
and the contact/interface element. In another embodiment,
the electrodes are capacitive electrodes without contact with
the skin but having a capacitive link between the skin and the
electrode, for example the electrode is made in a highly
dielectric material.

[0107] According to one embodiment, the headset is
designed for clinical or non-clinical application. Advanta-
geously, the headset is designed to be quickly positioned
without the assistance of a trained technician and is also
discrete and comfortable for an ambulatory use.

[0108] According to one embodiment, the headset has an
expanded configuration in situ (i.e. lowered on the subject
head) corresponding to a deformed state of the flexible
branches (1, 2, 3). According to one embodiment, the opening
dimension of the headset in the expanded state is at least 1.5;
2;2.5;3;3.5,4;4.5;5;6; 7; 8 9 or 10 times higher than said
dimension in the collapsed state. According to one embodi-
ment, said opening dimension is the branch span, the circum-
ference of the opening formed by the free ends of the flexible
branches (15, 26, 3b) or the pitch between two adjacent free
ends (15, 2b, 3b).

[0109] According to one embodiment, each of the flexible
branch (1, 2, 3) in the expanded state exhibits an angle (c, )
between the expanded configuration and the collapsed con-
figuration ranging from 2° to 70°, or from 5 to 70°, or from 10
to 70°, or from 15 to 70°, or from 30 to 70°, or from 50 to 70°.
[0110] FIG. 2 illustrates the deformability of the headset,
particularly the variation of its shape/size between the col-
lapsed to the expanded configurations. Referring to FIG. 2,
the headset is illustrated with the flexible branches in the
expanded configuration (1, 2) and in the collapsed configu-
ration (1', 2'). The position of the flexible branch in the
expanded state (1, 2) and the position of the flexible branch in
the collapsed state (1', 2') form load angles (c, ). The first
load angle (a) relative to the flexibility of a first flexible
branch (1, 1') is substantially equal to 40°. The second load
angle (B) relative to the flexibility of a second flexible branch
(2,2") is substantially equal to 15°. According to one embodi-
ment, the load angles (c, ) are equal or different. According
to one embodiment, the value of the load angles (a, P)
depends on the mechanical properties of the flexible branches
1, 2, 3) (e.g. the flexibility, the elasticity . . . ).

[0111] According to one embodiment, the headset has a
collapsed configuration when not using (i.e. before or after
use) corresponding to a non-deformed state of the flexible
branches (1, 2, 3). According to one embodiment, in the
collapsed state, said opening is smaller than the size of the
subject head. Advantageously, the flexible branches (1, 2, 3)
are reversibly deformable for being adaptable to any kind of
morphology, size and particularly shape of the subject head.
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Indeed, the deformability of the headset and the reduced
number of flexible branches (1, 2, 3) allow the headset to be
adaptable to a large range of skull morphology unique to each
individual, contrary to classic headset for EEG recording.

[0112] The headset, initially in a collapsed state, is
designed for being lowered onto the head, preferably by using
the branches (1, 2, 3) for positioning and pushing the headset.
The lowering movement refers to a pushing movement of the
headset, the opening formed by the second free ends (15, 25,
3b) being positioned on the upper surface of the subject.
During said lowering movement, the subject head applies a
pressure against the flexible branches (1, 2, 3) thereby pro-
gressively deforming them and enlarging the opening formed
by said free ends (15, 2b, 3b) of the headset. The headset is
also designed for being removed from the subject head by
only pulling the headset, preferably by means of the flexible
branches (1, 2, 3), thus progressively retracting said opening
thereby switching back the headset in a collapsed state. The
headset is maintained in a secured position by means of
contact points in contact with the subject’s skin. In one
embodiment, said contact points are located at the free ends
(14, 2b, 3b) of the flexible branches (1, 2, 3). In one embodi-
ment, said contacts points comprise the electrodes (5) which
are pressed against the subject’s skin. According to one
embodiment, said contact point is a pin (6). According to one
embodiment, said contact point is not an electrode (5) or a pin
(6). According to one embodiment, the headset is maintained
in a secured position by means of the electrodes (5) located at
the free ends of the at least 3 flexible branches (15, 2, 35).

[0113] Advantageously, the expanded configuration is
designed for suiting different morphologies, sizes and shapes
of'the head while ensuring a stable positioning of the headset.
Advantageously, said configurations of the headset allow the
headset to be folded into the collapsed state for an easy
storage. It also allows the headset to be quickly and suitably
positioned on the subject’s head.

[0114] Referring to FIG. 3, an implementation of the head-
set disclosed on FIG. 4 in situ is shown. The terms “left” and
“right” refers the right and the left of the subject wearing the
headset. In this embodiment, the headset is positioned onto a
subject head in an expanded state. The headset includes right
and left flexible branches (17, 1/) wherein the free ends of the
flexible branches (17b, 1/b) are positioned on the parietal
lobe. Said right and left branches (17 and 1/) include acqui-
sition electrodes for acquiring a bio-signal (e.g. an EEG). In
one embodiment, the at least 3 electrodes (5) are located near
the second free ends of the flexible branches (175, 1/5), in
contact with the skin of the subject. The headset is configured
for measuring brain activity of the parietal lobe area. More
specifically, in one embodiment, both measured positions are
P3 and P4, respectively on the left and right parietal lobes,
referring to the system 10-20. The headset also comprises
peripheral right and left branches (2 and 3) extending from the
hub (4) positioned over the head of the subject: the right
branch (3) extends on the right side of the head directly
behind the ear on the mastoid. The left branch (2) extends on
the left side of the head directly behind the ear on the mastoid.
Mastoids are two ideal locations to measures non-brain
potentials with a minimal amount of artifacts. This configu-
ration enables to prevent movement of the headset on the head
of the patient, the headset being blocked by means of the
peripheral branches (2, 3). Said peripheral branches (2, 3)
include respectively a ground and a reference electrodes, and
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are located on the second free ends (25, 3b) of the peripheral
branches (2, 3), in contact with the skin of the subject.
[0115] Referring to FIG. 6, an implementation of the head-
set disclosed on FIG. 5 in situ is shown. In this embodiment,
the headset is positioned onto a subject head in an expanded
state. The headset includes right and left branches (17 and 1/)
wherein the free ends are positioned on the frontal area. More
specifically, in one embodiment, both measured positions are
AF3 and AF4, respectively on the left and right frontal lobes,
referring to the system 10-20. Said right and left flexible
branches (1ra and 17b) include acquisition electrodes for
acquiring a bio-signal. The at least 3 electrodes (5) are located
near the free ends of the flexible branches (1/b, 1rb), in
contact with the skin of the subject. The headset is configured
for measuring brain activity of the frontal lobe area. The
headset also comprises peripheral right and left branches (3
and 2, not shown on FIG. 4) extending from the hub (4)
positioned over the head of the subject.

[0116] Referring to FIG. 7, an implementation of the head-
set is disclosed. In this embodiment, the headset includes
peripheral right and left branches (2, 3) extending from the
hub (4) positioned over the head of the subject. The headset
further includes two anterior right and left flexible branches
(117, 11/) wherein the free ends are positioned on the frontal
lobe area; and two posterior right and left branches (127, 12/)
wherein the free ends are positioned on the parietal lobe area.
[0117] According to one embodiment, the headset is modu-
lar. According to one embodiment, the headset is configured
for being modular by adding at least one flexible branch (1, 2,
3) to the hub (4), and/or adding at least one electrode (5)to a
flexible branch (1, 2, 3), and/or adding a pin (6) to an electrode
(5). In this embodiment, electrodes (5) are modular units i.e.
the electrodes (5) are configured for allowing individual elec-
trodes (5) to be easily mounted or replaced independently of
the other electrodes (5) mounted on the headset. According to
another embodiment, the flexible branches (1, 2, 3) are modu-
lar units i.e. the flexible branches (1, 2, 3) are configured to be
easily mounted or replaced on the headset, for example by
connecting/disconnecting said flexible branches (1, 2, 3) to
the hub (4) depending on requirement. In some embodiment,
the electrodes (5) are themselves made of individual units
(e.g. pins (6) or conductive plate or the electronic component
included into the electrode) which are modular i.e. which can
be easily mounted or replaced. In some other embodiment,
other modular units such as electronic components (wireless
transmitter, earphone, amplifier, wires) may be added to the
headset in order to customize the headset depending on
requirement (for example kind of mental state which is
intended to be detected with the headset or the need to impose
a neurofeedback to the subject). In one embodiment, one or
more modular units (e.g. flexible branch (1, 2, 3), electrode
(5), earphone, electronic component) can be added to the
headset independently to each other depending on require-
ment or application of the bio-signal acquisition. In one
embodiment, the flexible branches (1, 2, 3) are mounted
according to a desired electrode placement scheme relative to
the subject head. For example electrodes (5) located on the
flexible branches (1, 2, 3) are placed on frontal, central, tem-
poral, parietal and/or occipital area.

[0118] Advantageously, the modularity of the headset
enables to easily adapt the number of flexible branches (1, 2,
3) and/or electrodes (5) depending of the application, the
subject morphology or the cost of the headset. It also enables
to quickly replace any defective item in the headset.
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[0119] Anexemplary embodiment of the electronic devices
integrated in the headset is illustrated in FIG. 9. Electrodes (5)
are located on the subject’s head and acquired an analogical
signal. Said signal is sent to the electronic circuit (13) located
inside the headset. Said electronic circuit (13) is also con-
nected to an external processor, for example an external
device (smartphone or cloud). Referring to FIG. 9, according
to one exemplary embodiment, the electronic circuit (13)
comprises at least one of the following functional parts:

[0120] an A/D interface;

[0121] a signal processing part;

[0122] a power supply;

[0123] a wire communication part and/or a wireless

communication part; and

[0124] a micro-controller unit (MCU).
[0125] According to one embodiment, the A/D interface is
designed for digitized the analogical signal. According to one
embodiment, the A/D interface comprises a signal input mul-
tiplexer and/or comprises a programmable gain amplifier
and/or comprises a means for impedance measurement. For
example, the A/D interface comprises an input signal ampli-
fier, a programmable gain amplifier, an analog to digital con-
verter and/or an impedance measurement. According to one
embodiment, the hub (4) comprises an Analogical to Digital
(A/D) converter. In some embodiment, said A/D converter
after amplification coded with a resolution of 24 bits has a
Signal to Noise Ratio (SNR) of 120 dB per channel.
[0126] According to one embodiment, the signal process-
ing part is designed for pre-treating the signal (i.e. before
sending the signal to a processor for analysis). According to
one embodiment, the signal processing is configured for ana-
lyzing the signal. An exemplary pre-processing algorithm
comprises measuring the quality of the acquisition, imposing
digital filter and/or encoding/crypting data.
[0127] According to one embodiment, the wire or a wire-
less communication parts are designed for transmitting the
signal to an external entity, for example a smartphone.
According to one embodiment, said external device is
designed for processing the bio-signal for example, for ana-
lyzing the EEG and interpreting the mental state of the subject
wearing the headset. According to one embodiment, the head-
set includes wire communication links (for example by
means of an USB communication) suitable for installing a
firmware, exporting stored data or even charge a power sup-
ply for example a battery.
[0128] According to one embodiment, a Micro-Controller
Unit MCU) is designed for controlling all or a part of the
functional parts connected to the MCU. According to one
embodiment, said MCU is connected for sending and receiv-
ing data from a means for pre-processing an algorithm and a
wireless communication means.
[0129] According to one embodiment, the electronic circuit
(13) architecture is integrated in one of the at least 3 flexible
branches (1, 2, 3) of the headset or integrated to the hub (4).
[0130] According to one embodiment, said headset
includes an electronic circuit (13) for acquiring a bio-signal
comprising an amplifier, an A/D converter and optionally a
signal filter.
[0131] According to one embodiment, the electronic circuit
(13) comprises a signal amplifier. The signal needs to be
amplified to make it compatible with devices such as dis-
plays, recorders or A/D converters. According to one embodi-
ment, the amplifier is selected in order to provide amplifica-
tion selective to the physiological signal, for example EEG
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signal and rejected superimposed noises for both patients and
electronic components of the electrodes (5). According to one
embodiment, the headset comprises an impedance converter
comprising an amplifier.

[0132] According to one embodiment, said electronic cir-
cuit (13) comprises a low-pass signal filter. According to one
embodiment, the low-pass filter is in the order 1 to 8. Advan-
tageously, the low-pass filter is configured to protect bio-
signals from non-bio-signals such as environmental interfer-
ences. According to one embodiment, the amplification is
based on impedance conversion (i.e. to pass from a high to
low impedance) using an amplifier, preferably an ultra-low
noise amplifier, of gain equal to 1. According to one other
embodiment, the amplification is based on signal amplifica-
tion with higher gain values with a configuration enabling a
gain at least equal 2, for example a gain of 10, 20, 30, 40, 50,
100 for classical programmable gain amplifier or 1000, 5000
or 10° in the case of high gain amplifier. Advantageously, the
amplification allows the quality of the bio-signal acquisition
to be improved and readable. In some embodiment, the elec-
tronic circuit (13) comprises a high-pass filter for reducing
low frequencies coming from bioelectric flowing potentials
(e.g. breathing, cardiac activity . . . ), for example with a
cut-oft frequency ranging from 0.1 to 2 Hz, or 0.1 to 0.7 Hz,
or equal to 0.4 Hz.

[0133] According to one embodiment, the hub (4) com-
prises an amplifier montage comprising by one or more
amplifier. In some embodiment, said amplifier has a gain
ranging from 2 to 5000, or ranging from 2 to 2500, or from 2
to 1000, or to 2 to 50. According to one embodiment, the hub
(4) comprises an impedance converter. According to one
embodiment, the hub (4) comprises an amplifier which has a
very low input-referred noise about 1 uV (70 Hz-BW) and
low intrinsic noise (<76 nV P-P) in the frequency range 0of 0.1
to 10 Hz for example. The amplifier may have a low drift and
low offset voltage.

[0134] According to one embodiment, said electronic cir-
cuit (13) comprises a protection. According to one embodi-
ment, the protection includes at least one diode for circuit
protection, for example a diode with low leakage current to
protect from voltage spikes and/or double diodes with low
leakage. According to one embodiment, the protection also
includes at least one resistance, for protection from current
variability. According to a preferred embodiment, the value of
the resistance is displayed in a range from 5002 to 1M, for
example 500 to 0.5MQ, even 1KQ. Advantageously, the pro-
tection acts as a shield of the input, especially in case of the
absence of an amplifier to convert impedance.

[0135] Advantageously, said electronic circuit (13) ampli-
fies the biomedical signal to a treatable level for a more
precise and easier measurement of the signal, especially EEG
wherein the level of signal is excessively fine (i.e. several tens
of microvolts).

[0136] According to one embodiment, the headset device is
further connected to a bio-signal processor for analyzing and
interpreting the measured bio-signal. According to one
embodiment, the headset is physically connected to the pro-
cessor or is remotely connected to the processor.

[0137] In one embodiment, a part of the bio-signal is pre-
treated inside the hub (4) and is sent to the processor for being
analyze. In one embodiment, the processor for interpreting/
analyzing bio-signals measured by means of the electrodes
(5) is localized in the hub (4), and is a chop for example
Neurosky’s chip or Emotiv’s chip. In one embodiment, the
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processor is an external processor (i.c. the headset does not
comprise the processor) for interpreting/analyzing bio-signal
measured by the electrodes. According to one embodiment,
the external processor is located for example in a smartphone,
a computer, a server or the cloud.

[0138] According to one embodiment, said external pro-
cessor is remotely connected to the headset, for example by
means of a wireless transmitter and/or receiver. According to
one embodiment, said external processor is physically con-
nected to the headset, for example by means of a cable.
[0139] According to one embodiment, the external proces-
sor is a program or software such as Neuroscan, BioSemi,
G-tech, Brain products or any equivalent software for moni-
toring an EEG signal. The processor may also include a
software or a program for interpreting at least one bio-signal
(for example an EEG, ECG) in order to correlate said at least
one bio-signal with a particular mental state. According to
one embodiment, the headset also comprises a memory for
storing data related to the bio-signals.

[0140] According to one embodiment, the bio-signals
detected by the electrodes (5) are fed through a sensor inter-
face and digitalized to be stored for subsequent processing.
According to one embodiment, the memory configured for
storing said bio-signals is located on the headset, preferably
in the hub (4). According to one embodiment, the memory
configured for storing said bio-signals is not located on the
headset and data are sent to an external memory.

[0141] According to one embodiment, the headset further
comprises a power supply or a battery. According to one
embodiment, each electrode (5) is connected to an individual
boarded battery. According to one embodiment, the power
supply for the hub and/or each electrode (5) is symmetric or
asymmetric.

[0142] In one embodiment, the wires/acquisition channels
connected to each electrode (5) at one end form a network
wherein every wires/acquisition channels are linking to a
motherboard or a PCB enclosed in the hub (4). According to
one embodiment, the at least 3 flexible branches (1, 2, 3)
enclosed multi acquisition channels forming a network for
connecting electrodes (5) to a PCB or a motherboard for data
processing. According to one embodiment, the hub (4) com-
prises a printed circuit board (PCB). According to one
embodiment, the hub (4) comprises the motherboard of the
signal acquisition system i.e. the PCB holding a part of the
electronic components of the system (e.g. an amplifier, a
central processing unit (CPU), a memory) and provides con-
nectors for other peripherals (e.g. the electrodes).

[0143] In one embodiment, the processor otherwise knew
as a computer program, software or a computer control logic
causes to perform desired functional step, for example detect-
ing and classifying a type of mental state as for example
monitoring and aid for diagnosis in medical applications.
Mental states determined by such a processor can include
emotion, desire, intention, concentration, attention, memory,
relaxation, meditation etc. These mental states are composed
by both healthy brain processes and also the pathological side
of’brain processes such as Alzheimer disease, attention deficit
hyperactivity disorder, anxiety, insomnia, stress, etc. Accord-
ing to one embodiment, when a mental state is detected, a
control signal is transmitted to an input/output interface for
stimulating the subject with a neurofeedback, for example an
auditory feedback.

[0144] According to one embodiment, the headset device
further comprises at least one earphone. Said at least one
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earphone is used to impose an auditory stimuli for example an
auditory neurofeedback. According to one embodiment, the
earphone is a part of the headset. According to one other
embodiment, the earphone is independent of the headset.
According to one embodiment, the earphone is located on a
flexible branch (1, 2, 3). According to one embodiment, the
earphone is connected to the headset by means of a wire and
configured for being inserted into the ear separately from the
step of positioning the headset.
[0145] According to one embodiment, the headset device
further comprises a wireless transmitter and/or receiver. In
one embodiment, the wireless transmitter and/or receiver is
located on the hub (4), on its external surface. Advanta-
geously, said wireless transmitter and/or receiver is config-
ured for sending outputs to an external processor. According
to one other embodiment, the wireless transmitter and/or
receiver is also configured for receiving inputs from a com-
puter program, software or any processor able to generate
neurofeedbacks or instructions for the headset. For example,
the wireless transmitter and/or receiver is a Wi-Fi, a Bluetooth
or XBee transmitter/receiver. In some embodiment, the head-
set is remotely connected to a computer for analyzing bio-
signals. In some embodiment, the wireless transmitter and/or
receiver is configured to receive digitized output from an A/D
converter and to transmit the digitized data to an external
device for example a computer, a tablet or a smart-phone.
According to one embodiment, the data are digitized inside
the hub (4). According to one embodiment, the data are digi-
tized inside the electrodes (5).
[0146] According to one embodiment, the headset is con-
figured for monitoring brainwaves to achieve a desired mental
state. Advantageously, the devices and methods may be por-
table for a suitable use in any environment and location where
the user’s mental state may be enhanced or monitored.
[0147] In some embodiment, the headset is configured for
receiving EEG data from the subject, analyzing the EEG data,
correlating it with a specific mental state; and providing the
subject with feedback comprising at least one suggestion for
improving the subject mental state. In one embodiment, a
suggestion for improving a mental state is a neurofeedback,
for example an auditory feedback such as music. According
to one embodiment, the audio-feedback is provided by the
earphone.
[0148] Inanexemplary embodiment,the headset is used for
providing a neurofeedback wherein, at the beginning, a
dataset is used for calibration purposes composed by the
following steps:
[0149] recording bio-signal data using one thread;
[0150] computing in another thread the calibration
parameter that will be used during the current session i.e.
computing the signal quality, artifacts detection and
individual spectral features for example by updating
previous calibration features;

[0151] starting a neurofeedback session in another
thread.
[0152] According to one embodiment, the neurofeedback

session computes the relaxation level of the subject by mixing
two bio-signals for example heart beat frequency and brain
signal frequency and spatial features such as alpha or beta
rhythm recorded at several scalp locations such as P3, P4 or
Pz. In a further embodiment, the neurofeedback session also
comprises the step of computing statistics based on the anti-
correlation of said two bio-signals. In a preferred embodi-
ment, the neurofeedback is an audio feedback, wherein music
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is composed by a low frequency impact of the gauge and a
background sound designed music.

BRIEF DESCRIPTION OF THE DRAWINGS

[0153] FIG. 1 is a schematic representation of a headset
comprising at least 3 flexible branches (1, 2, 3) in an expanded
configuration.

[0154] FIG. 2 is a schematic representation of a headset
comprising at least 3 flexible branches (1, 2, 3) in a collapsed
configuration and an expanded state.

[0155] FIG. 3 is a schematic representation of a headset
with 4 flexible branches (17, 1/, 2, 3) for bio-signal acquisition
in an expanded configuration.

[0156] FIG. 4 is a schematic representation of a headset
with 4 flexible branches (17, 1/, 2, 3) for bio-signal acquisition
in situ, positioned on a head in an expanded configuration.
[0157] FIG. 5 is a schematic representation of the headset
with 4 flexible branches (17, 1/, 2, 3) for bio-signal acquisition
in an expanded configuration.

[0158] FIG. 6 is a schematic representation of the headset
with 4 flexible branches (17, 1/, 2, 3) for bio-signal acquisition
in situ, positioned on a head in an expanded configuration.
[0159] FIG. 7 is a schematic representation of the headset
with 6 flexible branches for bio-signal acquisition in an
expanded configuration.

[0160] FIG. 8 is a schematic representation of an electrode
(5) comprising spring loaded pins (6) plunged on a matrix
setting (10).

[0161] FIG.9isaschematic representation of the electronic
devices integrated in the headset.

[0162] FIG. 10 is a graph representing the evolution of the
PSD (Power Spectral Density—Decibel/Hertz) according to
the frequency (Hz).

REFERENCES
[0163] 1—Acquisition flexible branch (in the expanded
state)
[0164] 1' —Acquisition flexible branch (in the collapsed
state)
[0165] 1»—Right acquisition flexible branch
[0166] 1/—Left acquisition flexible branch
[0167] 1a—First end of the acquisition flexible branch
[0168] 1bh—Free end of the acquisition flexible branch
[0169] 11—Anterior flexible branch
[0170] 11»—Right anterior flexible branch
[0171] 11/—Left anterior flexible branch
[0172] 12— Posterior flexible branch
[0173] 12»—Right posterior flexible branch
[0174] 12/ —Left posterior flexible branch
[0175] 2—Left peripheral branch (in the expanded state)
[0176] 2'—Left peripheral branch (in the collapsed state)
[0177] 2a—First end of the left peripheral branch
[0178] 2b—Free end of the left peripheral branch
[0179] 3—Right peripheral branch
[0180] 3a—First end of the right peripheral branch
[0181] 3b—Free end of the right peripheral branch
[0182] 4—Hub
[0183] 5—FElectrodes
[0184] 6—Pins
[0185] 7—Flexure element
[0186] 8—Skin contact interface
[0187] 9—Circuit contact interface
[0188] 10—Matrix setting
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[0189] 13—Electronic circuit
[0190] «, p—Load angles

EXAMPLES

[0191] The present invention is further illustrated by the
following example.

Example 1

[0192] Thisexample shows the results of Steady State Visu-
ally Evoked Potentials (SSVEP). EEG bio-signals were
recorded during visual stimulations at the scalp location Oz
using the headset device according to the present invention.
The visual stimulation was composed by chessboard flashing
at the specific frequency of 30 Hz. A recording session at rest
was also done in order to compare the results at the same
location without visual stimulations. FIG. 10 shows the
Power Spectral Density (PSD) of one minute recording. We
can see that the PSD increases at 30 Hz (and also its harmonic
at 60 Hz) directly related to the SSVEP. From our analysis, the
peak amplitude at 30 Hz reaches twice time the PSD level at
30 Hz in resting state condition using only 3 s of buffer
acquisition. This ratio reaches five times using 15 s of buffer
acquisition and ten times using one minute of buffer acquisi-
tion.

1. A headset for acquisition of a bio-signal from a subject,
comprising:

ahub (4);

at least 3 flexible branches (1, 2, 3), each branch having a

first end (1a, 24, 3a) extending from the hub (4) and a
second free end (14, 2b, 3b), the at least 3 flexible
branches (1, 2, 3) defining an opening formed by the
relative position of said free ends (15, 25, 35); and

at least 3 electrodes (5), wherein at least one electrode (5)

is located on each of the at least 3 flexible branches (1, 2,

3), said electrodes (5) being configured for acquiring a

bio-signal;
wherein the at least 3 flexible branches (1, 2, 3) have a col-
lapsed state; and an expanded state wherein the at least 3
electrodes (5) are in contact with the scalp of said subject; and
the headset is expanded from its collapsed state to its
expanded state by placing the free ends (15, 25, 35) on the top
of'head of the subject and progressively lowering and sliding
the same with contact to the scalp until the hub (4) is con-
tacted with the top of the head of the subject.

2. The headset device according to claim 1, wherein one
dimension of the opening in the expanded state is at least 1.5
times higher than said dimension in the collapsed state.

3. The headset device according to claim 1, wherein each
flexible branch (1, 2, 3) exhibits an angle between the
expanded configuration and the collapsed configuration rang-
ing from 2° to 70°.

4. The headset device according to claim 1, wherein each of
the electrodes (5) comprises at least one pin (6) having a first
free end comprising a skin contact interface (8) and a second
end connected to at least one flexure element (7).

5. The headset device according to claim 1, wherein each of
the electrodes (5) comprise at least two pins (6) having a first
free end comprising a skin contact interface (8) and a second
end connected to at least one flexure element (7).
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6. The headset device according to claim 1, wherein said at
least 3 flexible branches (1, 2, 3) are resiliently deformable.

7. The headset device according to claim 1, wherein said at
least 3 flexible branches (1, 2, 3) are made of a polypropylene
or a silicon based material.

8. The headset device according to claim 1, wherein the at
least 3 electrodes (5) comprise a ground electrode, a reference
electrode, and at least one acquisition electrode.

9. The headset device according to claim 1, wherein the at
least 3 electrodes (5) comprise at least one dry electrode.

10. The headset device according to claim 1, wherein the at
least 3 electrodes (5) are configured to carry out an electro-
encephalography (EEG), and/or optionally electromyogra-
phy (EMG), electrooculography (EOG) or electrocardio-
graphy (ECG).

11. The headset according to claim 1, wherein the headset
is modular.

12. The headset device according to claim 1, being further
connected to a bio-signal processor for analyzing and inter-
preting the measured bio-signal.

13. The headset device according to claim 1 further com-
prising at least one earphone.

14. The headset device according to claim 1, wherein the
headset device comprises an electronic circuit (13) for acquir-
ing a bio-signal comprising an amplifier, an A/D converter
and a signal filter.

15. The headset device according to claim 1 further com-
prising a wireless transmitter and/or receiver.

16. A method of providing neurofeedback to at least one
subject, the method comprising the following steps:

placing on the top of the head of a subject an headset for

bio-signal acquisition comprising:
ahub (4);
at least 3 flexible branches (1, 2, 3), each branch having
afirst end (14, 2a, 3a) extending from the hub (4) and
a second free end (15, 25, 3b), the at least 3 flexible
branches (1, 2, 3) defining an opening formed by the
relative position of said free ends (15, 25, 3b); and
at least 3 electrodes (5), wherein at least one electrode
(5) is located on each of the at least 3 flexible branches
(1, 2, 3), said electrodes (5) being configured for
acquiring a bio-signal;
wherein the at least 3 flexible branches (1, 2, 3) have a col-
lapsed state; and an expanded state wherein the at least 3
electrodes (5) are in contact with the scalp of said subject; and
progressively lowering and sliding the free ends (15, 25,
3b) with contact to the scalp until the hub (4) is contacted
with the top of the head of the subject;

acquiring a bio-signal using the headset;

analyzing the bio-signal; and

providing a feedback to said subject in accordance with the

measured bio-signal.

17. The method of providing neurofeedback according to
claim 16, wherein the analysis of the bio-signal comprises
correlating the bio-signal with a specific mental state and
providing the subject with a feedback comprising at least one
suggestion for improving the subject mental state.

18. The method of providing neurofeedback according to
claim 16, wherein the feedback is a tactile, visual or auditory
feedback.



