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sure on the respective electrode, or by producing a vibration in some electrodes. The invention further relates to a respective method
of operating an EEG system and to a computer program. An electrode pressure control system and method may also be used with
other types of electrodes, such as ECG or EMG electrodes.
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EEG SYSTEM AND ELECTRODE PRESSURE CONTROL SYSTEM

FIELD OF THE INVENTION

The present invention relates to an electroencephalography (EEG) system
comprising EEG electrodes for contacting skin of a user. The present invention further relates
to a method of operating such EEG system and a computer program for implementing such
method. Furthermore, the present invention relates to an electrode pressure control system for
controlling pressure in an axial direction on an electrode, in particular an EEG electrode, and

a computer program for implementing such method.

BACKGROUND OF THE INVENTION

The present invention in particular relates to measuring electrical brain
activity, also known as electroencephalography (EEG) or the measurement of an
electroencephalogram. Electrical brain activity or EEG is measured by means of EEG
electrodes contacting skin of the user, in particular the scalp of the user. One type of known
electrodes are wet or gel electrodes. And another type of known electrodes are dry electrodes
(not using gel). The main challenge when applying EEG wet or gel electrodes is to get a
good, thus low, contact impedance to the skin. In clinical measurements this is normally done
with a (shower-cap like) rubber cap with integrated metal electrodes (e.g. Ag/AgCl coated).
The skin underneath these electrodes usually needs to be prepared by decreasing and often
additional abrasion (e.g. removal of the dry top layer of the skin, the stratum corneum). The
conductive gel is then applied between each electrode and the scalp (typically through a hole
in the electrode or cap). This assures a low ohmic contact to the deeper skin layer (the
epidermis) and "conversion" from ion current in the body to electron current in the measuring
system. Using conductive gel also solves (partly) the problem of the varying distance
between the electrode and the skin due to the variation from person to person with respect to
the hair layer thickness and the amount of hair, as well as temporal changes of the distance
that might occur due to the head and/or body motion.

However, in a lot of other cases not involving clinical measurements, for
example for lifestyle consumer products or for disabled patients or remote monitoring

purposes, these kinds of wet or gel electrodes are not practical. In these cases dry electrodes
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can be used. When these solutions are applied to a larger population, there might still be
difficulties getting sufficient signal quality when coping with thick and/or long hair. A
problem with these solutions can be a poor contact to the skin (or the scalp) and insufficient
signal quality.

US 2011/0015503 A1 discloses an EEG processing unit comprising a semi-
rigid framework which substantially conforms to the patient's head and supports a set of
electrodes in predetermined loci on the patient's head to ensure proper electrode placement.
The EEG processing unit includes automated connectivity determination apparatus which can
use pressure-sensitive electrode placement ensuring proper contact with patient's scalp and
also automatically verifies electrode placement via measurements of electrode impedance
through automated impedance shaking. There is a need to further improve such unit or

System.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an improved EEG system
and method for operating the same. It is a further object of the present invention to provide an
improved electrode pressure control system and method. It is a further object of the present
invention to provide computer program for implementing such methods.

In a first aspect of the present invention an EEG system is presented
comprising a first EEG electrode for contacting skin of a user, the first EEG electrode
providing a first EEG signal of the user and providing a first impedance signal comprising at
least one impedance value of the first electrode with respect to the skin, and a second EEG
electrode for contacting skin of the user, the second EEG electrode providing a second EEG
signal of the user and providing a second impedance signal comprising at least one
impedance value of the first electrode with respect to the skin. The system further comprises
a determination unit for determining, based on the first impedance signal and the second
impedance signal, an impedance difference value indicating a difference between an
impedance value of the first electrode with respect to the skin and an impedance value of the
second electrode with respect to the skin.

In a further aspect of the present invention a method of operating an EEG
system is presented, the method comprising receiving a first EEG signal provided by a first
EEG clectrode for contacting skin of a user, receiving a second EEG signal provided by a
second EEG clectrode for contacting skin of a user, receiving a first impedance signal

provided by the first EEG electrode, the first impedance signal comprising at least one
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impedance value of the first electrode with respect to the skin, receiving a second impedance
signal provided by the second EEG electrode, the second impedance signal comprising at
least one impedance value of the second electrode with respect to the skin, and determining,
based on the first impedance signal and the second impedance signal, an impedance
difference value indicating a difference between an impedance value of the first electrode
with respect to the skin and an impedance value of the second electrode with respect to the
skin.

In a further aspect of the present invention a computer program is presented
comprising program code means for causing a computer to carry out the steps of the method
according to the invention when said computer program is carried out on the computer.

The present invention is based on the idea to provide an EEG system and
corresponding method for achieving equal or nearly equal electrode-skin contact impedance
for the EEG electrodes, in particular for all EEG electrodes. In this way the impedances of
the electrodes are balanced. The impedance of the electrode (contacting the skin) with respect
to the skin (or impedance between the electrode and the skin) is also called electrode-skin
contact impedance. By determining an impedance difference value the relative impedance or
impedance difference of the first and second electrodes can be determined, not an absolute
value. It can thus be ensured that the electrode-skin contact impedance does not substantially
differ for different electrodes. It was found that due to the very low strength of the electrical
brain activity signal (EEG signal) that balancing the electrode-skin contact impedance among
a set of EEG electrodes is one of the crucial aspects for providing sufficient EEG signal
quality and diminishing the impact of artifacts. If the electrode-skin contact impedances are
not the same across the set of EEG clectrodes, this can cause huge DC offsets which require
amplifiers with large dynamic ranges and increases the artifacts stemming from
environmental noise and motion and facial muscle tension. As the present invention provides
equal or nearly equal electrode-skin contact impedances between the different electrodes, the
use of an EEG amplifier with a very large dynamic range can be avoided, which in turn
decreases cost and power consumption.

In one embodiment the system further comprises a current source, and wherein
each impedance signal is an electrical signal measured when the current source is active. This
provides an easy way of determining the electrode-skin contact impedance. In this way a
direct measurement of contact impedance of the respective electrode can be provided, or in

other words, an indirect measurement of the pressure on the respective electrode can be



10

15

20

25

30

WO 2013/038285 PCT/IB2012/054369
4

provided. The current source can for example be a DC current source or an AC current
source.

In a variant of this embodiment the system further comprises at least one
switch for determining, for each electrode, an open circuit voltage when the switch is open
and for determining a short circuit current when the switch is closed, wherein each
impedance signal is based on the open circuit voltage and the short circuit current.

In another embodiment each electrode comprises a pressure sensor, and
wherein each impedance signal is a pressure sensor signal provided by the respective
pressure sensor. In this way an indirect measurement of the contact impedance can be
provided, or in other words a direct measurement of the pressure on the respective electrode
can be provided.

In another embodiment the system further comprises more than two
electrodes, the determination unit configured to determine, based on the impedance signals
provided by the electrodes, impedance difference values for pairs of electrodes. In this way
the impedance cannot only be balanced between two electrodes, but also between a set of
electrodes as well. In particular the impedance can be balanced between all electrodes.

In another embodiment, the system further comprises a control unit for
controlling the first electrode and/or the second electrode depending on the impedance
difference value. The control unit can in particular be configured control the electrodes such
that the impedance difference value is minimized.

In another embodiment, or variant of the previous embodiment, the system
further comprises a control unit for controlling in an axial direction pressure on the first
electrode and/or pressure on the second electrode depending on the impedance difference
value. In this way the impedance difference between the electrodes can be automatically
corrected, as the amount of pressure applied on an electrode is inversely-proportional to the
electrode-skin contact impedance. The control unit can in particular be configured to control
the pressure such that the pressure on the first electrode and the pressure on the second
electrode is balanced.

In a variant of this embodiment each electrode comprises an actuator for
increasing and/or decreasing the pressure on the respective electrode. In particular, the
control unit can then be configured to provide at least one control signal to the actuators
depending on the impedance difference value.

In a further variant the control signal is provided, if the absolute value of the

determined impedance difference value is above a predefined threshold. In particular, if the



10

15

20

25

30

WO 2013/038285 PCT/IB2012/054369
5

predefined threshold is small, the impedance difference value can be automatically corrected
to get to zero or close to zero. In this way, the control unit can be configured to control such
as to minimize the impedance difference value (e.g. through continuous or repeated control).
The minimization of the impedance difference value can for example result in increasing the
pressure on one (or more) electrodes, or in decreasing the pressure on one (or more)
electrodes.

In a further variant of this embodiment the control unit is further configured to
control motion of the electrode in a plane perpendicular to the axial direction. In this way
contact of the electrode, in particular through hair, can be further improved. The motion in
the plane perpendicular to the axial direction can in particular be a rotational motion.

In another variant the control unit can be configured to control the electrodes
subsequently in time or simultancously in time. Thus, the control unit can control only the
first electrode or the second electrode. For example, the control unit can be configured to
determine if the contact impedance value of the first electrode is higher than the contact
impedance value of the second electrode. If this is the case, the control unit can be configured
to only control the pressure on the first electrode (not the second electrode). If this is not the
case, the control unit can be configured to only control the pressure on the second electrode
(not the first electrode). Alternatively, the control unit can be configured to control the first
electrode and the second electrode simultaneously in time, thus both the first electrode and
the second electrode.

In another embodiment the determination unit is configured to determine the
impedance difference value continuously or repeatedly. In a variant, also the control unit can
be configured to control the pressure on the electrode continuously or repeatedly. For
example, the determination can be in real-time or at predefined time intervals. In this way it
can be ensured that the impedances or the equality relation of the impedances is preserved
over time. This can in particular be achieved by continuous or repeated readjustment of the
pressures on all electrodes, while the system is in use. The readjustment can keep the
impedances within the desired boundaries.

In a further embodiment each electrode comprises a plurality of pins for
contacting the skin of the user. In this way the comfort level of the EEG system and the
convenience for the user can be improved. The pins can in particular be adapted to extend
through the hair of the user. The convenience and the comfort can be improved by designing
the electrode in such a way that it has many degrees of freedom with respect to positioning

the electrode and mounting it on the user's head. In a variant, the plurality of pins can for
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example have rounded tips for contacting the skin. This further increases user comfort. In
another variant, the pins can be arranged in a flexible substrate. In this way they are able to
flex and bend such as to ensure equal distribution of pressure among all pins of an electrode
and/or to ensure that the large number of pins make galvanic contact to the skin.

In a further embodiment the electrodes are attached to a flexible or deformable
material. For example, the flexible or deformable material can be a textile-like material.

In a further embodiment each electrode can comprise a ball-and-socket join.
This introduces another layer of flexibility that can further improve the pressure distribution,
therefore better balance of the electrode-skin contact impedances.

In another embodiment the system further comprises a wearable device
configured to be put at least partly around the head of a user, the wearable device comprising
a support structure for supporting the electrodes. In this way, the system or electrodes can be
positioned on the user's head, in particular the electrodes can be positioned at different
locations on the user's head or scalp. The wearable device or support structure can for
example be or comprise a patch configured to be put at least partly around the head of the
user. The wearable device can be integrated in or can be a head band, head cap, headset,
helmet, or the like.

In a further embodiment the system further comprise an EEG processing unit
comprises for processing the first EEG signal and the second EEG signal. Such an EEG
processing unit can be used for providing EEG data, which can then, for example, be
displayed or further processed.

In a further aspect of the present invention an electrode pressure control
system for controlling pressure in an axial direction on an electrode is presented, the system
comprising a first electrode for contacting skin of a user, the first electrode providing a first
physiological signal of the user and providing a first impedance signal comprising at least
one impedance value of the first electrode with respect to the skin, and a second electrode for
contacting skin of the user, the second electrode providing a second physiological signal of
the user and providing a second impedance signal comprising at least one impedance value of
the second electrode with respect to the skin. The system further comprises a determination
unit for determining, based on the first impedance signal and the second impedance signal, an
impedance difference value indicating a difference between an impedance value of the first
electrode with respect to the skin and an impedance value of the second electrode with
respect to the skin, and a control unit for controlling the pressure on the first electrode and/or

the pressure on the second electrode depending on the impedance difference value.
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In a further aspect of the present invention an electrode pressure control
method for controlling pressure in an axial direction on an electrode is presented, the method
comprising receiving a first physiological signal of the user provided by a first electrode,
receiving a second physiological signal of the user provided by a second electrode, receiving
a first impedance signal provided by the first electrode, the first impedance signal comprising
at least one impedance value of the first electrode with respect to the skin, receiving a second
impedance signal provided by the second electrode, the second impedance signal comprising
at least one impedance value of the second electrode with respect to the skin, determining,
based on the first impedance signal and the second impedance signal, an impedance
difference value indicating a difference between an impedance value of the first electrode
with respect to the skin and an impedance value of the second electrode with respect to the
skin, and controlling the pressure on the first electrode and/or the pressure on the second
electrode depending on the impedance difference value.

In a further aspect of the present invention a computer program is presented
comprising program code means for causing a computer to carry out the steps of the
electrode pressure control method according to the invention when said computer program is
carried out on the computer is presented.

It is a further basic idea of the present invention to provide an electrode
pressure control system and method for controlling pressure in an axial direction on an
electrode capable of balancing the impedances as described before. It has been found that the
amount of pressure applied to an electrode is inversely-proportional to the electrode-skin
contact impedance. Equal or nearly equal pressure or pressure distribution on the electrodes,
in particular on all electrodes, can be achieved by controlling the pressure on the electrodes
depending on the determined impedance difference value or values. The control unit can in
particular be configured to minimize the impedance difference value (e.g. through continuous
or repeated control). The electrode on which pressure is applied and controlled can in
particular be an EEG electrode. However, in general, the electrode can also be another type
of electrode, such as for example an ECG (electrocardiography) electrode, and EMG
(electromyogram) electrode, an EOG (electrooculogram) electrode, or a GSR (galvanic skin
response or skin conductance) electrode.

In a further aspect of the present invention an electrode pressure control
system for controlling pressure in an axial direction on an electrode, the system comprising: a
first electrode for contacting skin of a user, the first electrode providing a first physiological

signal of the user, a first pressure sensor for providing a first pressure sensor signal indicating
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the pressure on the first electrode, and a control unit for controlling the pressure on the first
electrode depending on the first pressure sensor signal.

In an advantageous embodiment of this electrode pressure control system, the
system further comprises a second electrode for contacting the skin of a user, the second
electrode providing a second physiological signal of the user, and a second pressure sensor
for providing a second pressure sensor signal indicating the pressure on the second electrode,
wherein the control unit is configured to control the pressure on the first electrode and/or the
pressure on the second electrode based on the first pressure sensor signal and the second
pressure sensor signal such that the pressure on the first electrode and the pressure on the
second electrode is balanced.

In a further aspect of the present invention an electrode pressure control
method for controlling pressure in an axial direction on an electrode is presented, the method
comprising receiving a first physiological signal of the user provided by a first electrode,
receiving a first pressure sensor signal indicating the pressure on the first electrode and
provided by a first pressure sensor, controlling the pressure on the first electrode depending
on the first pressure sensor signal.

In a further aspect of the present invention a computer program is presented
comprising program code means for causing a computer to carry out the steps of the
electrode pressure control method according to the invention when said computer program is
carried out on the computer is presented.

It is a further basic idea of the present invention to provide an electrode
pressure control system and method for controlling pressure in an axial direction on an
electrode using the measurement of a pressure sensor, in particular integrated into the
respective electrode(in particular EEG electrode). By using a pressure sensor the electronics
(in particular EEG electronics) do not need to be substantially changed. By using the pressure
sensor a separate feedback loop can easily be provided.

In an advantageous embodiment of this electrode pressure control system or
method, the system further comprises receiving a second physiological signal of the user
provided by a second electrode, receiving a second pressure sensor signal indicating the
pressure on the second electrode and provided by a second pressure sensor, and controlling
the pressure on the first electrode and/or the pressure on the second electrode based on the
first pressure sensor signal and the second pressure sensor signal such that the pressure on the

first electrode and the pressure on the second electrode is balanced.
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In a variant of this embodiment the control unit is configured to sclect a
desired pressure value based on the first pressure sensor signal and the second pressure
sensor signal, and to control the pressure on the first electrode and the pressure on the second
electrode such that this desired pressure value is achieved for the first electrode and the
second electrode. For example, the specific value can be a mean value of the pressure on the
first electrode and the pressure on the second electrode.

Preferred embodiments of the invention are defined in the dependent claims. It
shall be understood that the claimed method of operating an EEG system, the claimed
computer program, the claimed electrode pressure control system, or the claimed electrode
pressure control method has similar and/or identical preferred embodiments as the claimed

EEG system and as defined in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the invention will be apparent from and elucidated
with reference to the embodiment(s) described hereinafter. In the following drawings:

Fig. 1a shows a first example of a diagram showing impedance as a function
of pressure,

Fig. 1b shows a second example of a diagram sowing impedance as a function
of pressure,

Fig. 2 shows a schematic diagram of a system according to a first embodiment
of the invention,

Fig. 3 shows a schematic diagram of system according to a second
embodiment,

Fig. 3a shows a schematic diagram of a system according to a variant of the
second embodiment of Fig. 3,

Fig. 3b shows a schematic view of an electrode of the system of Fig. 3 or Fig.

3a,

Fig. 4 shows a schematic view of electrodes of a system according to another
embodiment,

Fig. 5a shows a simplified drawing an EEG system according to a basic
example,

Fig. 5b shows a simplified circuit diagram of the basic example of Fig. Sa,
Fig. 6a shows a simplified drawing an EEG system according to a first

example,
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Fig. 6b shows a simplified circuit diagram of the first example of Fig. 6a,

Fig. 7a shows a simplified drawing an EEG system according to a second

example,
Fig. 7b shows a simplified circuit diagram of the second example of Fig. 7a,
Fig. 8a shows a simplified drawing an EEG system according to a third
example,
Fig. 8b shows a simplified circuit diagram of the third example of Fig. 8a,
Fig. 9a shows a simplified drawing an EEG system according to a fourth
example,

Fig. 9b shows a simplified circuit diagram of the fourth example of Fig. 9a,

Fig. 10 shows a schematic diagram of an electrode having a ball-socket-join in
two different positions,

Fig. 11 shows a schematic diagram of an electrode contacting the scalp of a
user,

Fig. 12 shows a schematic diagram of a patch,

Fig. 13a shows a perspective view of a wearable device in form of a head
band,

Fig. 13b shows a perspective view of the wearable device of Fig. 13 put
around the head of a user, and

Fig. 14 shows two schematic diagrams of a patch with an electrode with two

different amounts of pressure applied.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1a shows a first example of a diagram showing impedance as a function
of pressure, and Fig. 1b shows a second example of a diagram sowing impedance as a
function of pressure. Fig. 1a shows the measured electrode-skin contact impedance as a
function of the pressure on the electrode for a Gold-plated electrode (contacting scalp of a
user at the Cz position). Fig. 1b shows the measured electrode-skin contact impedance of a
function of the pressure on the electrode for an AgCl electrode (contacting scalp of a user at
the Cz position). In each of Fig. 1a and Fig. 1b the pressure has three different ranges, which
are low pressure (in these examples about 75g or 1.5kPa), medium pressure (in these
examples about 200g or 4kPa), and high pressure (in these examples about 350g or 7kPa). As
can be seen in Fig. 1a or Fig. 1b, the amount of pressure applied to the electrode is inversely-

proportional to the electrode-skin contact impedance.
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Fig. 2 shows a schematic diagram of a system 100 according to a first
embodiment of the invention. The system of Fig. 2 is an EEG system, and can in particular
also be an electrode pressure control system. The system 100 comprises a first EEG electrode
110a for contacting skin 2 of a user and a second EEG electrode 110b for contacting the skin
2 of the user. The first EEG electrode 110a provides a first EEG signal 111a of the user and
the second EEG electrode 110b provides a second EEG signal 111b of the user. The system
100 can optionally (indicated by the dashed line in Fig. 2) further comprise a EEG processing
unit 120 for processing the first EEG signal 111a and the second EEG signal 111b.
Alternatively, the system 100 can further comprise a transmission link for transmitting the
EEG signals 111a, 111b to an external device or system.

Further, the first EEG electrode 110a provides a first impedance signal 112a
comprising at least one impedance value of the first electrode 110a, and the second EEG
electrode 110b provides a second impedance signal 112b comprising at least one impedance
values of the second electrode 110b. The impedance signal 111a, 111b can in particular
comprise the respective impedance values over time.

The system 100 further comprises a determination unit 140 for determining,
based on the first impedance signal 112a and the second impedance signal 112b, an
impedance difference value AZ indicating a difference between an impedance value of the
first electrode 110a with respect to the skin and an impedance value of the second electrode
110b with respect to the skin. The determination unit 140 can in particular be configured to
determine the impedance difference value AZ continuously or repeatedly.

The system 100 further comprises a control unit 150 for controlling the first
electrode 110a and/or the second electrode 110b depending on the impedance difference
value AZ. In particular, if the system 100 is an electrode pressure control system for
controlling pressure in an axial direction on an electrode 110a, 110D, the system 100
comprises a control unit 150 that is configured to control in an axial direction A pressure on
the first electrode 110a and/or pressure on the second electrode 110b depending on the
impedance difference value AZ. In another example, the control unit 150 can be configured
to control the position of at least one of the electrodes, to control the position of pins of at
least one electrode, or to control the length of the electrodes.

Each of the electrodes 110a, 110b can comprise an actuator 174. The control
unit 150 is configured to provide at least one control signal 150a to the actuators 174
depending on the impedance difference value. If the control unit 150 is configured for

controlling in the axial direction A pressure on the first electrode 110a and/or pressure on the
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second electrode 110b, each electrode 110a, 110b can comprise an actuator 174 for
increasing and/or decreasing the pressure on the respective electrode 110a, 110b. In this case,
the pressure actuator 174 is used to modify the pressure that the electrode 110a, 110b exerts
to the skin (or scalp). The actuator 174 can for example be realized as a pneumatic actuator or
micro-machined actuator. The actuator 174 modifies the pressure based on the at least one
control signal 150a from the control unit 150. Another option is the usage of a vibration
motor that can help the pins 171 to penetrate through hair and exert the required pressure.

The control unit 150 fuses the information received from different electrodes
110a, 110b (impedance signal or pressure sensor signal) and uses it for automatically
adjusting the pressure in each electrode 110a, 110b.

The differences in the impedances are translated into the control signals (commands) to the
actuators. In other words, the control signals are provided to the actuators depending on the
impedance difference value. The control signals can be used to increase and/or decrease
pressure on some of the electrodes, or to produce a vibration in some electrodes in order to
decrease the electrode-skin contact impedance.

In one example, the control of the electrodes 110a, 110b can be subsequently
in time (e.g. oscillating). For example, if it is determined that the contact impedance value of
the first electrode 110a is higher than the contact impedance value of the second electrode
110b, then only the pressure on the first electrode can be controlled (not the second
electrode). Then, after controlling the pressure, if the first electrode 110a has a contact
impedance value lower than the contact impedance value of the second electrode 110b, the
system can switch to controlling pressure on the second electrode 110b. In an alternative
example, both the first electrode 110a and the second electrode 110b can be controlled
simultaneously in time.

It will be understood that one or more of the above mentioned determination
unit 140, control unit 150, and EEG processing unit 120 can be implemented in the same
processing unit (e.g. processor or microprocessor), or can be implemented in separate
processing units.

In one example, the system further comprising a current source 180 (not
shown in Fig. 2), and each impedance signal 112a, 112b is an electrical signal measured
when the current source 180 is active. This example is described in more detail with
reference to Fig. 6 to Fig. 9. In particular, the system can further comprise at least one switch
S 1, S_2 for determining, for each electrode 110a, 110b, an open circuit voltage Voc 1,

Voc 2 when the switch S 1, S 2 is open and for determining a short circuit current Isc 1,
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Isc 2 when the switch S 1, S 2 is closed, wherein each impedance signal 112a, 112b is
based on the open circuit voltage Voc 1, Voc 2 and the short circuit current Isc 1, Isc 2.

In an alternative example, each electrode 110a, 110b comprising a pressure
sensor 173, and each impedance signal 112a, 112b is a pressure sensor signal provided by the
respective pressure sensor 173. This will be explained in more detail with reference to Fig. 3,
Fig. 3a, and Fig. 3b.

In the shown embodiments, in particular referring to Fig. 2 to 4, it will be
understood that like reference numerals indicate like elements. In the shown embodiments, in
particular referring to Figs. 2 to 4, each electrode comprises a plurality of pins 171 for
contacting the skin of the user 1, in particular the scalp of the user. In this way the comfort
level of the EEG system and the convenience for the user can be improved. The pins 171 can
in particular be adapted to extend through the hair of the user. The pins 171 each have a
rounded tip for contacting the skin. This further increases user comfort. Further, the pins 171
are arranged in a flexible substrate170. In this way they are able to flex and bend such as to
ensure equal distribution of pressure among all pins of an electrode and/or to ensure that the
large number of pins make galvanic contact to the skin. The electrode or pins can be made of
conductive metal or metal-alloy (e.g., silver, silver-chloride, or gold).

Fig. 3 shows a schematic diagram of system according to a second
embodiment. The system of Fig. 3 is an electrode pressure control system, and can in
particular also be an EEG system. The electrode pressure control system 100 of Fig. 3 is
configured for controlling pressure in an axial direction A on an electrode 110a, 110b. The
system 100 comprises a first electrode 110a for contacting skin 2 of a user 1, the first
electrode 110a providing a first physiological signal 111a of the user 1. In particular, the
physiological signal 111a can be an EEG signal. Alternatively, the physiological signal could
also be an ECG, EMG, EOG or GSR signal. The system 100 further comprises a first
pressure sensor 173 for providing a first pressure sensor signal 112a indicating the pressure
on the first electrode 110a. In the embodiment of Fig. 3, the pressure sensor is part of or
integrated into the first electrode 110a. The system further comprises a control unit 150 for
controlling the pressure on the first electrode 110a depending on the first pressure sensor
signal 112a. The pressure sensor 173 can be used to monitor the exact pressure applied to the
electrode 110a. The pressure sensor signal 112a is then used as an input to the control unit
150. The control unit 150 is configured to provide a control signal 150a to the actuator 174
depending on the pressure sensor signal 112a. The pressure sensor 173 can for example

casily be realized with a simple piezoelectric element and a corresponding readout device.
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The system 100 can optionally further comprise a visualization element (not shown in Fig. 3),
such as a display, for visualizing the pressure sensed by the pressure sensor 173.

Fig. 3a shows a schematic diagram of a system according to a variant of the
second embodiment of Fig. 3. Compared to the embodiment of Fig. 3, the electrode pressure
control system 100 of Fig. 3a further comprises a second electrode 110b for contacting the
skin 2 of'a user 1, the second electrode 110b providing a second physiological signal 111b of
the user 1, as explained with reference to Fig. 3. The system 100 further comprises a second
pressure sensor 173 for providing a second pressure sensor signal 112b indicating the
pressure on the second electrode 110a, 110b. The control unit 150 is configured to control the
pressure on the first electrode 110a and/or the pressure on the second electrode 110b based
on the first pressure sensor signal and the second pressure sensor signal such that the pressure
on the first electrode 110a and the pressure on the second electrode 110b is balanced. This
can in particular be achieved by providing a determination unit 140 (not shown in Fig. 3a) for
determining, based on the first impedance signal 112a and the second impedance signal 112b,
an impedance difference value AZ, as explained with reference to Fig. 2.

Alternatively, the equilibrium or balancing can for example also be achieved
by leading all the actuators 174 to a predefined pressure value. Thus, the control unit 150 (or
determination unit) can be configured to select a desired pressure value based on the first
pressure sensor signal 112a and the second pressure sensor signal 112b, and the control unit
150 can be configured to control the pressure on the first electrode 110a and the pressure on
the second electrode 110b such that this desired pressure value is achieved for the first
electrode 110a and the second electrode 110b.

In particular, the specific value can be a mean value of the pressure on the first
electrode 110a and the pressure on the second electrode 110b (in particular a mean value of
all used electrodes). Thus, if the pressure on the first electrode 110a is a first pressure (e.g.
3Pa) and the pressure on the second electrode 110b is a second pressure (e.g. 9kPa), the
control unit 150 can be configured to control the pressure on the first electrode 110a and the
pressure on the second electrode 110b to a mean value (e.g. (3kPa+9kPa)/2 = 4.5 kPa) of the
first pressure and the second pressure.

Fig. 3b shows a schematic view of an electrode 110a, 110b of the system of
Fig. 3 or Fig. 3a. The electrode 110a, 110b comprises a plurality of pins 171, a pressure
sensor 173 and an actuator 174, as explained above. The pins 171 are arranged in a flexible
substrate 170. The substrate 170 with the pins 171 is attached to a rigid electrode support
172. Through the electrode pins 171 the physiological signal 111a, 111b (in particular EEG
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signal) is provided. The pressure sensor 173 is arranged on the electrode support 172. The
pressure sensor 173 provides the pressure sensor signal 112a, 112b. In this example, the
actuator 174 is arranged on the pressure sensor 174. However, it will be understood that the
actuator 174 can also be arranged at any other suitable position for increasing and/or
decreasing pressure on the electrode (or pins). For example, the actuator and the pressure
sensor can be a single unit (e.g. a piezoelectric element), or can be separate units.

As can be seen in Fig. 3b, the electrode 110a, 110b can be attached to a patch
175 configured to be put at least partly around the head of the user.

It will be understood that the electrode 110a, 110b of the system according to
the first embodiment of Fig. 2 can correspond to the electrode shown in Fig. 3b. However,
the pressure sensor 173 does not necessarily need to be provided in the electrode of the
system of the first embodiment of Fig. 2.

Fig. 4 shows a schematic view of electrodes of a system according to another
embodiment. The embodiment of Fig. 4 is in particular a variant of the embodiment of Fig. 2
or the embodiment of Fig. 3 or Fig. 3a. In Fig. 4 the system 100 comprises more than two
electrodes 110a-d. In Fig. 4 four electrodes 110a-d are illustrated. However, it will be
understood that any suitable number of electrodes can be used. The electrodes 110a-d are
attached to a patch 175. The first electrode 110a provides a first physiological (EEG) signal
111a, the second electrode provides a second physiological signal (EEG) signal 111b, the
third electrode 110c provides a third physiological (EEG) signal 111c, and the fourth
electrode 110d provides a fourth physiological (EEG) signal 110d. Furthermore, each
electrode 110a-d can provide an impedance signal 112a-d. The determination unit 140 can
then be configured to determine, based on the impedance signals 112a-d provided by the
electrodes 110a-d, impedance difference values for pairs of electrodes 110a-d. The control
unit 150 can then be configured to control the pressure on the electrodes depending on the
impedance difference values. For example, one of the electrodes 110a-d can be selected to be
a reference electrode. Impedance difference values of pairs having this reference electrode
and one of the remaining electrodes can then be determined. The control unit 150 can then
control the pressure on each of these remaining electrodes, but not on the reference electrode.

The basic operation of an EEG system will now be explained with reference to
Fig. 5a and Fig. 5b. Fig. 5a shows a simplified drawing an EEG system according to a basic
example, and Fig. 5b shows a simplified circuit diagram of the basic example of Fig. 5a.
Brain waves are typically sensed by means of two, or more, EEG electrodes 110a, 110b

making contact to the scalp of a user (e.g. person). Both EEG electrodes 110a, 110b of Fig.
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5a are wired to an EEG-type of electronic circuitry shown in Fig. 5b. This electronic circuitry
comprises the EEG processing unit 120 mentioned above, which is a microprocessor (UP) in
this case. The first stage of the electronic circuitry is a so called differential stage with input
resistances as high as possible. With R _in approaching infinity, the output signal of the first
stage is solely determined by the person’s brain signals. To obtain sufficient EEG signal
quality using dry electrodes for real life applications, the contact impedance between
electrode and the person’s scalp should stay below a certain value (e.g. 1 MQ to 10MQ),
depending on the EEG phenomena used in an application. For higher contact impedances (in
the order of 100M(Q), the picked up brain signals are often dominated by noise and can no
longer be filtered out. What is even more important for the proper signal amplification is that
the contact impedance is balanced between the electrodes. In a typical EEG instrumentation,
the actual contact impedance between the dry electrode and person’s scalp cannot be
measured precisely. As long as ‘sensible’ signals are measured (voltage amplitude of a signal
18 in a certain range) it is said to be acceptable, otherwise the complete electrode mounting
system or individual electrodes are moved back and forth to get a better contact between
electrodes and the scalp.

In Fig. 5a and Fig. 5b the current source I_brain between the electrodes 110a
and 110D is just a model for brain activity. In Fig. 5b the first stage in a typical EEG
electronic circuitry is a so called differential stage. With its input resistance approaching
infinity, the stage is not sensitive to Zcontact 1 and Zcontact 2 and only brain waves
contribute to the output signal. Subsequently, the frequency band of interest is filtered out,
amplified and digitized. In the digital domain the signal is analyzed and properly dealt with.
This is done through a number of stages depicted in Fig. 5b (from left to right): a differential
stage that amplifies the signal difference between the two inputs (+ and -), a high pass filter
that removes the DC offsets (low frequency components), a first gain stage that amplifies the
signal, a low pass filter that removes high frequency components, a second gain stage that
amplifies the signal, and an analog to digital (A/D) converter.

A basic measurement principle will now be explained. Fig. 6a shows a
simplified drawing an EEG system according to a first example, and Fig. 6b shows a
simplified circuit diagram of the first example of Fig. 6a. As can be seen in Fig. 6a electrodes
110a-d are integrated in a wearable device in form of a headphone. One electrode is touching
the left ear and another one touching the right ear of the person. The system further
comprises a current source 180. In Fig. 6b the current source 180 is touching and driving the

left ear. However, it will be understood that it could also be touching and driving the right



10

15

20

25

30

WO 2013/038285 PCT/IB2012/054369
17

ear. In the example of Fig. 6a and Fig. 6b current from the current source 180 is driven
through the head (Idrive = I) from left to right by electrodes 110c, 110d which make contact
with the subject’s ears. The current is driven through the head from left to right, by which a
small fraction of this drive signal is picked up via the first electrode 110a or the second
electrode 110b. The signal picked up by a first electrode 110a or the second electrode 110b
and is directed to a switch S 1, S 2, to measure the so called open circuit voltage Voc and
subsequently short circuit current Isc. Thus, the system comprises a switch S 1, S 2 for
determining, for each electrode 110a, 110b, an open circuit voltage Voc 1, Voc_2 when the
switch S 1, S 2 is open and for determining a short circuit current Isc_1, Isc_2 when the
switch S 1, S 2 is closed, wherein each impedance signal 112a, 112b is based on the open
circuit voltage Voc 1, Voc 2 and the short circuit current Isc_1, Isc_2. Via the switch open
circuit voltage Voc and subsequently short circuit current Isc is measured. With these two
measured signals the contact impedance Z of the pin electrodes can be calculated.

The current source 180 can be a DC current source or an AC current source. If
the current source is a DC current source, presence of this current source does not interfere
with the actual EEG measurement. In fact, the DC voltage can be adjusted to a value to
compensate for a common mode difference voltage between the user and the electronic
circuitry. For an actual impedance measurement the switches S 1 and S_2 are driven.
Although the DC current source does not interfere with the EEG measurement, closing one of
the switches S 1, S 2 does interfere with the actual EEG measurement. Thus, when
determining the impedances, no EEG signal can be measured.

As explained above, a small amount of electrical current from the current
source 180 is driven through the person’s head, and a fraction is ‘tapped off” via the
electrodes 110a, 110b making contact to the person’s skin or scalp. This ‘tapped off” current
is related to the electrode-skin (or scalp) contact impedance Z and is used to determine or
estimate the value of electrode-skin contact impedance Z and/or to balance the electrode-skin
contact impedance Z.

The pins of the first electrode 110a and the second electrode 110b can have
rounded tips, but they are hampered by hair and for comfort reasons a relatively low force is
applied. This combination of issues makes it virtually impossible to reach contact impedance
below 100 kQ. However, the ear electrodes provide better contact to skin, which is also more
balanced. Provided that the larger contact surface is used to make the contact, the contact
impedance can be less than 100 kQ. It can be assumed that impedance of pin electrodes

(Zcontact_1 and Zcontact 2) is higher compared to the ear electrodes, and several orders of
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magnitudes higher than the impedance of the brain. This allows certain model
simplifications. With switch S put in its top position, Voc is calculated. After that, switch S is
put in its bottom position to calculate Isc. With these two measured signals, only some basic

math is needed to calculate the output impedance of the Thevenins equivalent model.
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In the same way the contact impedance of the second electrode 110b can be
calculated.
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To estimate whether the impedance is balanced between two pin electrodes we

subtract the obtained combined contact impedance values.
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The fact that the impedance values of the first electrode 110a and the second
electrode 110b (Zcontact 1 and Zcontact 2) are much larger than the Zbrain 2, allows us to

simplify the last equation.

[
£ ppniEotd

_ =
= Leopw

ot
5]
et

3

L)

This suggests that we can estimate that we have achieved balanced skin-
electrode impedance if the outcome of the equation is (close to) zero.

To have a more precise estimation of contact impedance, in cases where all
electrodes are of pin structure, the circuitry presented in Fig. 6a and Fig. 6b can be extended.
This involves a similar circuit but with the current being driven through the head from right
to left via the electrodes, Z; and Z, situated above the ears rather than the ear electrodes
themselves. This circuitry can be activated sequentially after the previous one. Following the

same calculation process as above, we can come-up with the system of four equations.
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If we sum these values and assume that the contact impedances are balanced

we can have an estimation of the impedance for all electrodes.
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In case this value is not in the expected range we should follow the skin-
electrode contact impedance balancing steps. They consist of estimating the values of contact

impedance differences between pairs of electrodes, based on the system of equations above.

If the outcome of these equations is close to zero and the outcome of the
previous set of equations gives results which are close to each other (e.g., in the range of
100k<2) that means that the impedance is balanced between electrodes. Although the system
of equations does not give the unique solution the former one indicate the pair of electrodes
that have the worst balance. By modifying the position and/or contact of one of the electrodes
(e.g., by increasing the pressure exerted on the electrode) such as to decrease the impedance
we can infer whether this particular electrode is causing misbalance or nor and act
accordingly.

In the following an AC measurement will be described. The measuring for the
‘short circuit current’ Isc can be done via a so called transimpedance stage. For measuring the
‘open circuit voltage’” Voc, the existing circuitry for sensing brain signals can be used.
Applying a drive current with approximately the same frequency as brain waves, will be

filtered out and amplified by the EEG like electronics. A possible embodiment of integrating
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our new electrode impedance measurement in the EEG like system is shown in Fig. 7a and
Fig. 7b.

Fig. 7a shows a simplified drawing an EEG system according to a second
example, and Fig. 7b shows a simplified circuit diagram of the second example of Fig. 7a. A
low frequent AC current is driven through the head of which a fraction is ‘tapped of” by the
first electrodes 110a and the second electrode 110b. The open circuit voltages Voc are
measured by the same circuitry as for measuring brain waves. The short circuit currents Isc
are measured via so called transimpedance stages. Timing of the switches and calculating the
actual impedance values for the first electrode 110a and the second electrode 110b is done by
the microprocessor. An AC current, with approximately the same frequency as the brain
waves of interest, is driven from left to right through the human head. By simultaneously
closing switch S_1, the negative input node of the differential stage is pulled to ‘ground’
potential. As a consequence, the open circuit voltage of the second electrode 110b will be
amplified, filtered and digitized to interface to the microprocessor. At the same time, the
short circuit current of the first electrode 110a is measured via the transimpedance stage,

digitized and also interfaced to the microprocessor.
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The microprocessor stores the digitized values for the measured V_oc12 (=
V_oc2)and V_scl (= Iscl), for future use. The driving of the switches is reversed and an

identical measurement is carried out.
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By now, the microprocessor has all the information required to calculate the
contact impedance balance of the first electrode 110a and the second electrode110b. Given
the fact that the contact impedances of the electrodes are dominant, the calculations are

simplified as follows.
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If the voltage ratio indicates that the impedance difference is higher than, e.g.,
100kQ then the microprocessor can trigger additional circuitry to improve the contact
between the electrode with the higher impedance and the person’s scalp.

In the following a DC-current measurement will be described. Instead of
applying an AC current, it can also be done by means of DC current drive. Fig. 8a shows a
simplified drawing an EEG system according to a third example, and Fig. 8b shows a
simplified circuit diagram of the third example of Fig. 8a. Compared to Fig. 7a and Fig. 7b,
in the block schematic of Fig. 8a and Fig. 8b, the AC current source is replaced by a DC
equivalent source. The DC current source is applied to drive current through a human head.

The differential stage in the EEG-type circuitry is followed by a high pass filter (HPF) to
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block any DC component, including our DC measurement signal. Therefore, the signal is
tapped of and amplified via an added stage after which it is digitized and interfaced to the
microprocessor. Since the HPF in the EEG kind of circuitry blocks any dc component, our dc
measurement signal is tapped off and amplified by stage Gain 4.

The switches are driven in a sequential order, and the open circuit voltages and

short circuit currents of the two electrodes are measured and stored in the microprocessor.
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With V_ocl2 (=V_oc2) and V_scl (=I_scl) being measured and stored in the

microprocessor, the driving of the switches is reversed.
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At this moment in time, the microprocessor has all the information on board to
calculate the contact impedance balance. Given the fact that the contact impedances of the

electrodes are dominant, the calculations are simplified as follows.
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Based on this value the microprocessor can give a trigger to additional
circuitry. In turn this circuitry takes measures to improve the contact impedance of a
particular electrode. Similar reasoning can be applied to the more elaborate case where we
combine the current driven through the head from right to left with the current driven through
the head from left to right.

In the following an alternative for a typical so-called “Driven Right Leg” will
be explained. In the world we live in nowadays, we are surrounded by magnetic and
electrical sources. Each one is a potential source of interfering with brain wave
measurements. From an electronic point of view, all these sources may be lumped into one
source and connected to the user or person, which is illustrated by V_interference in Fig. 9a
and Fig. 9b.

Fig. 9a shows a simplified drawing an EEG system according to a fourth
example, and Fig. 9b shows a simplified circuit diagram of the fourth example of Fig. 9a. The
surrounding interfering sources are lumped into one voltage source V_interference and
connected to the head of the user or person (human). In the electronic schematic or circuit
diagram of Fig. 9b, this voltage source V_interference lifts both input nodes of the first stage
in the EEG instrumentation. Due to the limited Common Mode Rejection Rate (CMRR) of
this stage, the output will suffer from an unwanted DC level. Related to the ground of the
electronic circuitry, the person is at a certain DC level. Both input nodes of the differential
stage in the EEG instrumentation are lifted to the level defined by V_interference. Next to the
wanted difference signal ‘“Vpos - Vneg’ also ‘“Vpos + Vneg’ contributes to the output signal

of this stage.
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Even though the gain for common mode signals is much smaller than for
differential mode signals, for a high enough interference signal should not be neglected. To
minimize the contribution of “Vpos + Vneg’ in the output signal, the current source touching
the left ear may be driven to counter react on V_interference. In turn, “Vpos + Vneg’ at the
input nodes is adjusted to zero. In a typical EEG measurement system then this problem is
dealt with it in a slightly different way. The right leg of a person is connected to a feed-back
controlled voltage / current source, which is regulated to counter the induced interference
voltage level. With the present current sources in our proposed system, the use of a so-called
Driven Right Leg (DRL) circuitry is no longer needed.

The electrode or pins can be made of conductive metal or metal-alloy (e.g.,
silver, silver-chloride, or gold). The pin-structured, dry electrodes can provide flexibility. In a
first example, the flexibility is achieved by allowing the free end of the pin (the one that
penetrates the hair) to move to a certain degree in the plane orthogonal to the pin’s. The pins
can for example be arranged in a flexible substrate. In a second example, the flexibility can
be achieved using spring loaded pins that have a rigid support to increase the efficiency of the
springs and a layer with conductive material. In a third example, the aforementioned
examples can be combined into a single solution with spring loaded pins that can move to a
certain degree in the plane orthogonal to the pin’s axis.

Fig. 10 shows a schematic diagram of an electrode 110a, 110b having a ball-
socket-join 177 in two different positions. The pin-structured electrode 110a, 110b has a rigid
support 172 used as a base for providing better pressure distribution to all the pins 171 in one
electrode 110a, 110b. The support 172 can be a simple rectangular or round surface, or can
comprise of a ball-and-socket join 177 as shown in Fig. 10. The latter embodiment shown in
Fig. 10 introduces another layer of flexibility that can further improve the pressure
distribution, hence better balance the electrode-skin contact impedance.

Fig. 11 shows a schematic diagram of an electrode 110a, 110b contacting the
scalp of a user 1. In this example the control unit 150 is further configured to control motion
of the electrode 110a, 110b in a plane perpendicular to the axial direction A. This motion is

indicated by a two-sided arrow in Fig. 11. This motion can in particular be a rotational
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motion. The pin structured electrode 100a, 110b of Fig. 11 is driven by an actuator 174 in
form of an electrode motor, clock wise and/or anti clock wise. By doing so, the pins are more
likely to penetrate through the hair to make proper contact to the person his scalp. Fig. 11
illustrates an example using an vibration motor that can help the pins to penetrate through
hair and exert the required pressure (e.g. obtain the desired balance of skin-electrode contact
impedance). The electrode support structure can be driven clock wise or anti clock wise by
means of a small electro motor. If we assume that a particular electrode is identified as the
one that is not in proper contact to the skin, by means of the electrode motor 174, the pins
171 are driven clock wise and/or anti clock wise for a short period of time. Due to the
flexibility of the pins 171, no risk of pulling the hair exists and the pins 171 are likely to
penetrate through the layer of hair to make proper contact to the scalp of the user or person 1.
In the case of baldness, the same mechanism can be used to slightly rub the skin to improve
the contact. The impedance-vibration step may be repeated multiple times to ensure a low
ohmic contact. In the example of Fig. 11 each pin further comprises a spring 176, as
explained above.

The system 100 described herein can further comprise a wearable device 200
configured to be put at least partly around the head of a user 1, the wearable device 200
comprising a support structure 175 for supporting the electrodes. The wearable device 200
can be integrated in or be a head band, head cap, headset, helmet, or the like. The support
structure 175 can for example be in the form of a patch. Fig. 12 shows a schematic diagram
of a patch 175. In Fig. 12 eight dry electrodes 110a-h with pins are arranged on the (EEG)
patch 175. The patch 175 is a deformable or a textile-like material. The patch 175 can be
used to integrate the pin-structured electrodes 110a-h and their support system in the
wearable device 200 that can be placed on a person’s head, such that it covers the area of the
brain from which the electrical signals should be obtained. The (EEG) patch 175 enables the
electrode support system to follow the curvature of the head. While a textile-like material
will adapt its structure to the curvature of a person’s head, a deformable material might be
used instead that can be modeled by the person using the EEG system such that it fits to
his/her head. The patch 175 can be positioned on or around the head of the user using the
wearable device 200 (e.g. a head band, head cap, headset, helmet or the like).

Fig. 13a shows a perspective view of a wearable device 200 in form of a head
band. Fig. 13b shows a perspective view of the wearable device 200 of Fig. 13a put around
the head of a user 1. The wearable device 200 comprises a (EEG) patch 175 as described with

reference to Fig. 12. For example an elastic Velcro strap 220 can be used to increase the
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pressure on the electrodes and consequently electrode-skin contact impedance. Depending on
the exact usage case of the system or wearable device, the (EEG) patch 175 might be
positioned at different locations on a person’s head. The wearable device 200 can comprise a
stretchable band 210 which loops around the circumference of the head of the user 1. The
patch 175 and the Velcro strap 220 can be arranged on the stretchable band 210, as shown in
Fig. 13a and Fig. 13b.

The connection between the positioning element and the (EEG) patch can be
achieved using a rigid element or an elastic one. In both cases, each electrode support system
must be paired with a single positioning element to provide independent pressure adjustments
for each electrode and allow for maximum flexibility of each pin-structured electrode. Many
embodiments can be realized, ranging from the simple one where elastic Velcro straps are
used as a positioning element connected to a headband with an elastic Velcro strap, as shown
in Fig. 13a and Fig. 13b, to a rigid helmet or headphones with e.g., plastic elements that hold
cach electrode in place. Such wearable device is for example disclosed in W0O2011/055291
Al, which is incorporated by reference herein.

Fig. 14 shows two schematic diagrams of a patch with an electrode with two
different amounts of pressure applied. In the upper diagram of Fig. 14 a first lower pressure is
applied in an axial direction A and in the lower diagram of Fig. 14b a second higher pressure
compared to the first pressure is applied in the axial direction A. As can be seen in Fig. 14,
increasing the pressure by the actuator corresponds to tightening (manually) the elastic strap
connection between the electrode and the headband which will exert more pressure to the
(EEQ) electrode 110a, 110b through the pressure component orthogonal to the electrode
surface.

The present invention can be applied in the area of brain signal acquisition
systems used in the clinical and consumer domain. They range from practical headset designs
for EEG measurements, to clinically designed headsets for EEG patient monitoring at home.
The clinical relevance can be seen in the areas of post-surgical recovery monitoring and
rehabilitation and in providing alternative or complementary communication and/or control
channels. The commercial value of the applications in the consumer arena is in the area of
Neurofeedback for improving cognition and enhancing relaxation, in the area of prevention
and monitoring of mental health, and in gaming market, especially in games that include BCI
technology.

An important application for convenient brain wave sensing technology is

Alpha Neurofeedback. Alpha Neurofeedback (NF) is a novel method which may find
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application areas both in consumer and professional healthcare products. NF induces a
feeling of ease in a person without the person feeling the burden of responsibility for his own
mental state. This is particularly relevant for a hospital setting, where the user, or patient, is
put at ease in a very subtle way without requiring them to be aware of the effect of NF. This
is important for a hospital setting as it means the patient is not burdened with the feeling of
being responsibly of having to relax. Any such burden, especially when coupled to the
quality of for example a MR or PET scan, can be counterproductive and often induces stress
rather than reducing it.

In the clinical domain the usage of Alpha Neurofeedback can provide natural
and relaxing experience, e.g., to patients in the uptake procedure for PET scans. As the NF
setup requires the usage of electrodes the proposed invention can help in developing a
convenient setup that would not impose additional burden to the patients. The solution can be
realized either as a specially designed headset or be integrated in the chair (armchair) where
the patient sits or lays down before the clinical procedure. In the later the complete setup
should be integrate in the chair where a person positions the back of his head.

While the invention has been illustrated and described in detail in the drawings
and foregoing description, such illustration and description are to be considered illustrative or
exemplary and not restrictive; the invention is not limited to the disclosed embodiments.
Other variations to the disclosed embodiments can be understood and effected by those
skilled in the art in practicing the claimed invention, from a study of the drawings, the
disclosure, and the appended claims.

In the claims, the word "comprising" does not exclude other elements or steps,
and the indefinite article "a" or "an" does not exclude a plurality. A single element or other
unit may fulfill the functions of several items recited in the claims. The mere fact that certain
measures are recited in mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage.

A computer program may be stored/distributed on a suitable medium, such as
an optical storage medium or a solid-state medium supplied together with or as part of other
hardware, but may also be distributed in other forms, such as via the Internet or other wired
or wireless telecommunication systems.

Any reference signs in the claims should not be construed as limiting the

scope.
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CLAIMS:

1. An EEG system comprising:

- a first EEG electrode (110a) for contacting skin (2) of a user (1), the first EEG
electrode (110a) providing a first EEG signal (111a) of the user (1) and providing a first
impedance signal (112a) comprising at least one impedance value of the first electrode (110a)
with respect to the skin (2),

- a second EEG electrode (110b) for contacting skin (2) of the user (1), the
second EEG clectrode (110b) providing a second EEG signal (111b) of the user (1) and
providing a second impedance signal (112b) comprising at least one impedance value of the
second electrode (110b) with respect to the skin (2), and

- a determination unit (140) for determining, based on the first impedance signal
(112a) and the second impedance signal (112b), an impedance difference value (AZ)
indicating a difference between an impedance value of the first electrode (110a) with respect

to the skin (2) and an impedance value of the second electrode (110b) with respect to the skin

Q).

2. The system of claim 1, further comprising a current source (180), and wherein
cach impedance signal (112a, 112b) is an electrical signal measured when the current source

(180) is active.

3. The system of claim 2, further comprising at least one switch (S_1, S _2) for

determining, for each electrode (110a, 110b), an open circuit voltage (Voc 1, Voc_2) when
the switch (S_1, S 2) is open and for determining a short circuit current (Isc_1, Isc_2) when
the switch (S_1, S _2) is closed, wherein each impedance signal (112a, 112b) is based on the

open circuit voltage (Voc_1, Voc 2) and the short circuit current (Isc_1, Isc_2).

4. The system of claim 1, each electrode (110a, 110b) comprising a pressure
sensor (173), and wherein each impedance signal (112a, 112b) is a pressure sensor signal

provided by the respective pressure sensor (173).



10

15

20

25

30

WO 2013/038285 PCT/IB2012/054369
30

5. The system of claim 1, further comprising more than two electrodes (110a-d),
the determination unit (140) configured to determine, based on the impedance signals

provided by the electrodes, impedance difference values for pairs of electrodes.

6. The system of claim 1, further comprising a control unit (150) for controlling
in an axial direction (A) pressure on the first electrode (110a) and/or pressure on the second

electrode (110b) depending on the impedance difference value (AZ).

7. The system of claim 6, wherein each electrode (110a, 110b) comprises an
actuator (174) for increasing and/or decreasing the pressure on the respective electrode (110a,

110b).

8. The system of claim 6, the control unit (150) further configured to control
motion of the electrode (110a, 110b) in a plane perpendicular to the axial direction (A).

9. The system of claim 6, wherein the determination unit (140) is configured to

determine the impedance difference value (AZ) continuously or repeatedly.

10. The system of claim 1, each electrode (110a, 110b) comprising a plurality of
pins (171) for contacting the skin of the user (1).

11. The system of claim 1, further comprising a wearable device (200) configured
to be put at least partly around the head of a user (1), the wearable device (200) comprising a
support structure (175) for supporting the electrodes (110a, 110b).

12. The system of claim 1, further comprising an EEG processing unit (120) for
processing the first EEG signal (111a) and the second EEG signal (112a).

13. A method of operating an EEG system, the method comprising:

- receiving a first EEG signal (111a) provided by a first EEG electrode (110a)
for contacting skin (2) of a user (1),

- receiving a second EEG signal (111b) provided by a second EEG electrode
(110b) for contacting skin (2) of a user (1),

- receiving a first impedance signal (112a) provided by the first EEG electrode
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(110a), the first impedance signal (112a) comprising at least one impedance value of the first
electrode (110a) with respect to the skin,

- receiving a second impedance signal (112b) provided by the second EEG
electrode (110b), the second impedance signal (112b) comprising at least one impedance
value of the second electrode (110b) with respect to the skin, and

- determining, based on the first impedance signal (112a) and the second
impedance signal (112b), an impedance difference value (AZ) indicating a difference
between an impedance value of the first electrode (110a) with respect to the skin (2) and an

impedance value of the second electrode (110b) with respect to the skin (2).

14. A computer program comprising program code means for causing a computer
to carry out the steps of the method as claimed in claim 13 when said computer program is

carried out on the computer.

15. An electrode pressure control system for controlling pressure in an axial
direction on an electrode (110a, 110b), the system (100) comprising:

- a first electrode (110a) for contacting skin of a user (1), the first electrode
(110a) providing a first physiological signal (111a) of the user (1) and providing a first
impedance signal (112a) comprising at least one impedance value of the first electrode (110a)
with respect to the skin,

- a second electrode (110b) for contacting skin (2) of the user (1), the second
electrode (110b) providing a second physiological signal (111b) of the user (1) and providing
a second impedance signal (112b) comprising at least one impedance value of the second
electrode (110b) with respect to the skin,

- a determination unit (140) for determining, based on the first impedance signal
(112a) and the second impedance signal (112b), an impedance difference value (AZ)
indicating a difference between an impedance value of the first electrode (110a) with respect
to the skin and an impedance value of the second electrode (110b) with respect to the skin,
and

- a control unit (150) for controlling the pressure on the first electrode (110a)
and/or the pressure on the second electrode (110b) depending on the impedance difference

value.
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16. An electrode pressure control system for controlling pressure in an axial
direction on an electrode (110a, 110b), the system (100) comprising:

- a first electrode (110a) for contacting skin of a user (1), the first electrode
(110a) providing a first physiological signal (111a) of the user (1),

- a first pressure sensor (173) for providing a first pressure sensor signal (112a)
indicating the pressure on the first electrode (110a, 110b), and

- a control unit (150) for controlling the pressure on the first electrode (110a)

depending on the first pressure sensor signal.

17. The system of claim 16, further comprising;:

- a second electrode (110b) for contacting the skin of a user (1), the second
electrode (110b) providing a second physiological signal (111b) of the user (1), and

- a second pressure sensor (173) for providing a second pressure sensor signal
(112b) indicating the pressure on the second electrode (110a, 110b),

- the control unit (150) configured to control the pressure on the first electrode
(110a) and/or the pressure on the second electrode (110b) based on the first pressure sensor
signal and the second pressure sensor signal such that the pressure on the first electrode

(110a) and the pressure on the second electrode (110b) is balanced.

18. The system of claim 17, the control unit (150) configured to select a desired
pressure value based on the first pressure sensor signal (112a) and the second pressure sensor
signal (112b), and to control the pressure on the first electrode (110a) and the pressure on the
second electrode (110b) such that this desired pressure value is achieved for the first

electrode (110a) and the second electrode (110b).

19. The system of claim 18, wherein the specific value is a mean value of the

pressure on the first electrode (100a) and the pressure on the second electrode (110b).
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