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Description
Field of invention

[0001] The present disclosure relates to automatic detection of a predefined event in a dataset, more specifically to
a method, a device and a system for automatic detection of teeth clenching and/or teeth grinding.

Background of invention

[0002] In anumber of circumstances it is desirable to detect teeth clenching and/or teeth grinding of especially human
beings, in particular with the objective of being able to detect and possibly avoid undesirable, unnecessary and/or
potentially harmful teeth clenching and/or grinding. In particular it is desirable to be able to detect such teeth clenching
and/grinding with the objective of being able to interfere in such a manner that the undesirable activity may be limited
or even brought to an end.

[0003] Teeth clenching and/or teeth grinding may be done more or less consciously or even completely unaware, for
example in the sleep, and may also cause damage or unwanted effects.

[0004] Both teeth clenching and teeth grinding may be be categorized as the affliction known as bruxism; powerful
jaw movements without any real function which takes the form of involuntary grinding movements of the teeth during
strong clenching. This affliction may cause serious dental damages such as for example wearing of the teeth, damages
to lips and the tongue, lose teeth, gingival pockets etc. Bruxism is often in addition also associated with pain in the back
of the head and chronic headache.

[0005] Bruxism is normally divided into chronic and acute bruxism. Acute bruxism can happen to all and may often
be observed in stress situations, for example at athletes in games or at persons that have to observe a deadline. Chronic
bruxism is divided into night-time (nocturnal) and day-time (diurnal) bruxism.

[0006] Day-time bruxism is characterized by being a conscious clenching of upper and lower jaws and grinding of the
teeth, although dominated by the latter. Day-time bruxism may be perceived as a bad habit. Triggering of day-time
bruxism may be related to exposing a patient to stress. Day-time bruxism may be relieved relatively easy by informing
the person that he/she is bruxing.

[0007] Night-time bruxism is unconscious and may normally only be perceived by the surroundings (for example
relations) as an unpleasant squeaky noise. During night-time bruxism, teeth grinding is more common than teeth clench-
ing. Night-time bruxism is often alleviated by protecting the teeth with a splint.

[0008] Using monitoring devices, it is possible to detect events related to bruxism. However, events related to bruxism
may be difficult to detect because they may be similar to event related to ordinary teeth clenching. On the other hand,
both day and night time bruxism typically lasts more than 2 - 5 seconds. This knowledge may be used to detect events
directly related to bruxism and so it has been. Several monitoring devices exist to monitor events related to bruxism, for
example by sensing signals from muscular activity of the jaw such as electrical signals or sound signals. In common for
these devices is that they require a patient or another person to manually set up the devices such that they become
adapted to the individuals, in particular such that the devices sense the signals related to jaw movements and distinguish
them from other signals as given off by the individuals.

[0009] Anexample of adevice with an automatic threshold to discriminate between normal jaw movement and muscular
activity related to bruxism based on a manual setup is disclosed in WO04087258 A1.

[0010] Document WO02/49534A2 discloses a method and system to detect muscular activity on a subject’'s arm. This
system detects 3 consecutive EMG bursts, differentiating between high and low intensity bursts. lts ultimate purpose is
to identify EMG "words" in order to control a prosthesis. Regular calibration is carried out to improve system performance.
It fails to disclose detecting teeth and facial muscle events.

[0011] Document WO2013/006728A2 discloses a method and system to detect seizure via EMG signal monitoring.
Regular EMG calibration is performed, similarly to the present invention. Similarly, it fails to disclose detecting teeth and
facial muscle events. A manual set up is far from optimal in that the sensing device may then depend on the person
setting up the device. If the detected signals may be used, as for example by providing a treatment stimulus to the
patient, an incorrect set up may be problematic in that a correct treatment may not be provided.

Summary of invention

[0012] In order to solve the above described problems and address the above described needs, the present disclosure
relates to a user-friendly device which automatically detects teeth clenching and/or teeth grinding without the use of a
manual set up. The user friendly device may be easy to use in terms of daily setup, such that particularly calibration is
avoided. Accordingly, the present disclosure relates to a user-friendly method which automatically set up a device such
that it becomes adapted to the individuals, in particular such that the device detects the teeth clenching and teeth grinding
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signal and distinguish them from other signals as given off by the individuals.

[0013] Accordingly, the present disclosure provides a computer implemented method for automatic detection of teeth
clenching and/or teeth grinding in a dataset representing the level of biting force vs. time of a subject, the method
comprising the steps of a) calculating a threshold level of biting force assigned to time t=t; based on a background level
determined from the dataset at a prior time t=t,-T, ..., where T, is a first predefined period of time, b) checking the
level of biting, and if the level of biting force at time, t, exceeds the threshold level assigned to time t; for a second
predefined period of time, Tggncn/gring: then assigning an event of teeth clenching to time t, ¢) if an event of teeth clenching
has been assigned to time t, then either waiting a predefined period of time T,,,;;, or waiting until the level of biting is
below the threshold for another predefined period of time T4, d) if no events of teeth clenching and/or teeth grinding
have been assigned for a third predefined period of time T;.ce. then repeating steps a)-c), e) if events of teeth clenching
and/or teeth grinding have been assigned for a third predefined period of time T;,c.. then repeating only steps b)-c).
[0014] The presently disclosed method is based on the principle that the threshold level constantly adapts to and is
delayed from the background level. This may find use in broader aspect than detection of teeth clenching and/or teeth
grinding. In a more general aspect the present disclosure therefore relates to a computer implemented method for
automatic detection of a predefined event in a dataset representing the level of muscular activity vs. time of a subject,
the method comprising the steps of:

a) calculating a threshold level of muscular activity assigned to time t=t; based on a background level determined
from the dataset at a prior time t=t;-Ty .., Where T, is a first predefined period of time,

b) checking the level of muscular activity, and if the level of muscular activity at time, t, exceeds the threshold level
assigned to time t; for a second predefined period of time, Tgjench/gring: then assigning an event to time t,

c) if an event has been assigned to time t, then either waiting a predefined period of time T, or waiting until the
level of muscular activity is below the threshold for another predefined period of time T4,

d) if no events have been assigned for a third predefined period of time Tg;..ce then repeating steps a)-c),

e) if events have been assigned for a third predefined period of time Tgjence, then repeating only steps b)-c).

[0015] One purpose of the presently disclosed method is to determine the background level when there are no muscle
events related to teeth clenching and/or teeth grinding. Since both day and night time bruxism typically lasts more than
a few seconds and with an onset that is abrupt, then the background level, as determined from a period of time longer
than the event related to bruxism, may not be affected by the event related to bruxism. Furthermore, if more than a
predefined time has passed since the end of the latest burst of an event related to bruxism, it is most likely that the signal
may contain no events related to bruxism, and therefore it may be a good estimate of the background level. Thus a
pseudo-code of the method may be written as follows:

calculate envelope of signal

check for signal activity (burst and/or grind active?)

if there is no current activity AND no activity has appeared for a predefined period,
then

{

calculate new background value based on signal envelope level another

predefined time ago

}
}

[0016] Accordingto described method, it is one purpose of the present disclosure to assign an event to teeth clenching
and/or teeth grinding.

[0017] Furthermore, the present disclosure provides a data-processing system comprising a processor and a memory
which may be configured to perform the method as described above.

[0018] Also, the present disclosure provides a device for monitoring facial activity related to teeth clenching and/or
grinding of a subject comprising a measuring unit for providing signals indicative of said facial activity, and a processing
unit for processing said signals in order to detect said teeth clenching and/or teeth grinding.

[0019] Due to the desire of a user friendly device and/system, the present disclosure further relates to a bruxism
system comprising the above described device and a storage case for housing and charging the device, wherein the
device is configured to be automatically switched on when removed from the storage case. Furthermore, the present
disclosure relates to a user-friendly device which automatically turns on when it is placed on the user, and also turns of
when not on the user.
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Description of figures
[0020]

Fig. 1 shows a magnitude and phase plot of an embodiment a 15t order lowpass filter.

Fig. 2 shows an embodiment of the disclosed method.

Fig. 3 shows another embodiment of the disclosed method.

Fig. 4 shows an embodiment of a measuring unit.

Fig. 5 shows an embodiment of the disclosed method illustrated as a flow chart.

Fig. 6 shows another embodiment of the disclosed method.

Fig. 7 shows an embodiment of the disclosed method illustrated as a flow chart.

Fig. 8 shows an embodiment of the disclosed method illustrated as a part of the flow chart from Fig. 7.
Fig. 9 shows an embodiment of the disclosed method illustrated as a part of the flow chart from Fig. 7.
Fig. 10 shows an embodiment of the disclosed method illustrated as a part of the flow chart from Fig. 7.
Fig. 11 shows an embodiment of the disclosed method illustrated as a part of the flow chart from Fig. 7.

Detailed description of the invention

[0021] Thefollowingdescribes particular examples and embodiments of the invention. The matter for which is protection
is sought is entirely defined in the claims.

Teeth clenching andior teeth grinding

[0022] An eventof teeth clenching and/or teeth grinding may be characterized as one or more of the following: bruxism,
day-time bruxism, night-time bruxism.

[0023] Teeth grinding is when people slide their teeth back and forth over each other, whereas teeth clenching is when
people tightly hold their top and bottom teeth together. In this way, the two terms are per se different events. However,
both events are related to muscular activity of the jaw. The medical term for both teeth grinding and teeth clenching is
bruxism.

[0024] Asdescribed, bruxism can be chronic and acute, whereof chronic bruxism can be night-time (nocturnal) bruxism
and day-time (diurnal) bruxism.

Signals

[0025] Since teeth clenching and teeth grinding is related to muscular activity of the jaw, it may be advantageous to
have a dataset from a signal to represent muscular activity of the jaw vs. time of the subject. Accordingly, the dataset
may comprise electromyography (EMG) data from EMG signals.

[0026] EMG signals are electrical impulses of muscles, which may be measured at rest and during contraction. An
EMG signal is small and needs to be amplified with an amplifier that is specifically designed to measure physiological
signals. This signal may be measured with an electrode. A skin surface electrode may often be preferred, because it is
placed directly on the skin surface above or near the muscle.

[0027] The point of interest of the signal is the amplitude, which may range between 0 to 10 millivolts (peak-to-peak)
or 0 to 1.5 millivolts (root-mean-square). The frequency of an EMG signal may be between 0 to 500 Hz. However, the
usable energy of EMG signal may be dominant between 50-150 Hz.

[0028] As regards EMG-signals, focus will be placed on the chewing muscles when teeth clenching and/or teeth
grinding is involved. In technical language, these muscles are called muscle Temporalis and muscle Masseter, which
can be utilised for the registration of EMG signals in connection with teeth clenching and/or teeth grinding.

[0029] The Masseter muscle consists of two parts, a surface muscle and a deeper-lying part which, while strongly
clenching the teeth, can easily be localised by pressing a finger into the cheek and leading it out from the mouth towards
the ear. The main task of the Masseter muscle is to raise the lower jaw, although it also plays a part in the lower jaw’s
horizontal movement (as a part of the chewing movement). It contributes towards drawing the lower jaw forwards. Muscle
Temporalis is a large fan-shaped muscle which covers and adheres to a large part of the side of the cranium, which
means that most of it is freely accessible.

[0030] Movements of the jaw may give rise to various bio-signals that may be measured. The presently disclosed
method may work regardless of the signals. Thus, it may be possible to automatically detect the background level
regardless of the signal, such that the background signal can be used to automatically determine a threshold level without
a calibration procedure. In this regard, it is one purpose of the present disclosure to provide a method that operates on
any type of signal and thereby provide a user-friendly setup, i.e. an automatic setup, meaning no manual setup, regardless
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of the signals.

[0031] Accordingly, signals other than EMG signal may be used to represent muscular activity of the jaw. Hence the
dataset may comprise one or more of the following: electromyography (EMG) data, electroencephalography (EEG) data,
phonomyography (PMG) data, acceleration data, sound data and/or strain gauge data.

[0032] These data may accordingly be obtained from EMG signals, EEG signals, PMG signals, acceleration signals,
sound signals and/or strain gauge signals.

[0033] EEG signals are electric fields of the human brain. Accordingly, EEG may be measured on the scalp or on the
brain. The amplitude of the EEG may be about 100 pV when measured on the scalp, and about 1-2 mV when measured
on the surface of the brain. The bandwidth of this signal may be from under 1 Hz to about 50 Hz. EEG signals are closely
related to the level of consciousness of the person. As the activity increases, the EEG shifts to higher dominating
frequency and lower amplitude. Thus, muscular activity may be observed using EEG signal.

[0034] PMG signals are the low frequency sounds created during muscular activity. It may therefore be possible to
measure the force of muscle contraction from PMG signals. PMG signals may be from 1 Hz to 100 Hz.

[0035] Acceleration signals may be voltages created when a muscle accelerates. Hence, acceleration signals may
be measuring muscle activity using an accelerometer, such as a miniature piezoelectric transducer by attaching it to the
stimulated muscle. Accelerometers may be a pair of microstructures next to each other such that they detect the changes
in their capacitance; by converting the change in capacitance to a change in voltage, the acceleration the may be
obtained. Accelerometers may also be use the piezo-resistive effect, hot air bubbles, and light.

[0036] Sound signals may be the sounds produced by for example the teeth during events of teeth grinding, and may
accordingly be recorded using a microphone. Clenching may not produce sounds, and in this way, it may be possible
to distinguish between teeth grinding and teeth clenching.

[0037] Strain gauge signals are changes in resistance corresponding to strain, and may be a way to measure movement
of the jaw. Strain may be measured using a strain gauge, for example in the ear.

[0038] The signals generating the dataset may be a stream of data continuously received from a measuring unit.
[0039] Regardless of the signals, it is one purpose of the present disclosure to relate any of the described signals for
detection events related to teeth clenching and/or teeth grinding, thereby allowing one or more of the signals to be used
in the detection. In other words, it is an objective or the present disclosure to provide some kind of pattern recognition,
which may be applied to any signal in order to detect events related to teeth clenching and/or teeth grinding. It must be
noted, that teeth clenching and/or teeth grinding may not need to be related to bruxism.

Background level and threshold level

[0040] In one embodiment of the present disclosure, the background level is determined by applying a low-pass filter
to the dataset. In this way, the background level may be a smoothed signal containing only low frequency components.
The low pass filter may in particular be a first order filter with a cut-off frequency of for example 0.05 Hz. In some
embodiments of the present disclosure, the background signal may be determined by applying another type of filter to
the data set, such as a bandpass filter or a high-pass filter. The background level may be an estimate of the noise level,
where the noise may be thermal noise from an electrode, amplifier noise and/or external noise. Accordingly, the back-
ground level may be the level of a recorded signal in the absence of muscle activity. The background level may depend
on the impedance of the electrode. Thus, the background level may be dependent on the placement of electrodes, in
that electrodes may be placed on skin, for example using gelpads, where for example moist will be created, and this
may affect the impedance. In this regard, there may be circumstances, where the background level may be time-
dependent. It is with this in mind, that the background level may be determined at different times during use.

[0041] In a preferred embodiment of the present disclosure, the threshold level may be greater than and proportional
to the background level. Accordingly, the threshold value may be defined to be at least 1.5, 2, 3, 4 or at least 5 times
the background level.

Signal processing

[0042] In order to process the signals, it may be required to include an initial step of providing a frequency domain
transform of the dataset, a frequency domain transform such as fast Fourier transform (FFT), discrete Fourier transform
(DFT), discrete cosine transform (DCT) or discrete wavelet transform (DWT).

[0043] The frequency domain may in some embodiments be more preferred than the time domain, in that for example
frequency filtering, such as low pass filtering, may be more easily implemented. Other advantages, such as reduced
calculation time, may also be obtained by working in the frequency domain. Furthermore, by applying a DWT, advantages
are that transient features are accurately captured and localized in both time and frequency. In relation to this, some
special DWTs may increase computational speed of for example algorithms in comparison to applying for example
Fourier transforms or classical DWTs.



10

15

20

25

30

35

40

45

50

55

EP 3 139 819 B1

[0044] According to the initial step, it may comprise the step of averaging a predefined number of frequencies. A
predefined number may be advantageous over for example an estimated number in that the estimation may be avoided.
Thus, the predefined number may be used to speed up the calculation time.

[0045] As an example of a signal processing, a signal envelope may be calculated from the result of the applied FFT
for each block of raw signal values. The signal may be sampled at a rate of 2000 samples/s and blocks of 64 samples
may be collected for FFT analysis. This results in a sample rate of 31.25 samples/s for the signal envelope. For each
block of data, the FFT may be applied, and the result may be represented as 32 ’pins’ of data, where each pin represents
a step of 31.25 Hz. The pin value may be the amplitude of the frequency spectrum at the specific frequency. The 0-pin
may contain the DC value. The signal envelope may be obtained by the mean value of pin 7-13, where pins 7-13
represents values from 218.75 Hz to 406.25 Hz.

[0046] Since the calculation time may be fast, the automatic detection of teeth clenching and/or teeth grinding may
be a real-time process carried out on a stream of data continuously received. Accordingly, the data may not need to be
stored, and therefore the processing unit may be integrated in the measuring unit and still be as compact as shown in Fig. 4.

Predefined time periods

[0047] In a preferred embodiment of the disclosure, the times Teng, Toenchigring: Thack: T are predefined time

periods, meaning time parameters, defined such that Teny<Tyenchigrind < Thack < T

silence’
silence*

Tend:

[0048]  Tgienchigring May be regarded as a predefined time period in which events related to teeth clenching and/or teeth
grinding is ending. Accordingly, T,,4 may in a preferred embodiment of the present disclosure be 0.125 s, or less than
0.25 s, orless than 0.5 s, or less than 0.4 s, or less than 0.35 s, or less than 0.3 s, or less than 0.25 s, or less than 0.2
s, or less than 0.15 s, or less than 0.1 s, or less than 0.05 s, or less than or less than 0.01 s.

Tclench/grind:

[0049] T enchigring May be regarded as a predefined time period in which events related to teeth clenching and/or teeth
grinding is at least to last. In this way, all events less than T enen/gring May not be related to teeth clenching and/or teeth
grinding. Events that last less than Tjgnch/ging May be a normal bite or any normal movement of the jaw. Accordingly,
Talenchigrind May in a preferred embodiment of the present disclosure be 0.25 s, or less than 0.5 s, or less than 0.4 s, or
less than 0.35 s, or less than 0.3 s, or less than 0.25 s, or less than 0.2 s, or less than 0.15 s, or less than 0.1 s, or less
than 0.05 s.

Tback:

[0050] T,,.x may be regarded as a predefined time period in which the background level is recorded. Accordingly,
Tpack May in a preferred embodiment of the present disclosure be 2.5 s, or less than 10 s, or less than 8 s, or less than
6 s, orlessthan 5 s, orless than 4 s, orless than 3 s, or less than 2 s, or less than 1 s. Accordingly, Ty ¢ may in another
preferred embodiment of the present disclosure be at least 2.5 s, oratleast 1 s, or atleast2 s, or atleast 3 s, or at least
4s,oratleast5s,oratleast6 s, or atleast 7 s, or at least 8 s, or at least 9 s, or at least 10 s.

Tsilence:

[0051] Tgence May be regarded as a predefined time period in which there may be no events related to teeth clenching
and/or teeth grinding, before an initiating of a repeated procedure takes place. Since there may be no events related to
teeth clenching and/or teeth grinding in the time period T ;.06 there may be silent. Accordingly, T ence May in a preferred
embodiment of the present disclosure be 5 s, or less than 10 s, or less than 8 s, or less than 6 s, or less than 5 s, or
lessthan 4 s, orless than 3 s, orless than 2 s, or less than 1 s. Accordingly, Tgence May in another preferred embodiment
of the present disclosure be atleast 5s, or atleast 1 s, oratleast2 s, oratleast 3 s, oratleast4 s, oratleast5s, or

atleast 6 s, or atleast 7 s, or at least 8 s, or at least 9 s, or at least 10 s.

Twa/'t"

[0052] T, may be regarded as a predefined time period in which the measuring unit may be configured to stop
providing signal indicative of facial activity when a feedback signal is providing in response to detecting bruxism. Ac-
cordingly, T4 may in a preferred embodiment be 1 s, or less than 10 s, or less than 8 s, or less than 6 s, or less than
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5 s, orlessthan 4 s, or less than 3 s, or less than 2 s, or less than 1 s. In another preferred embodiment of the present
disclosure, T, 4 may at least be 1 s, or atleast 1 s, or atleast 2 s, or atleast 3 s, or atleast 4 s, or atleast 6 s, or at
least 7 s, or at least 8 s, or atleast 9 s, or at least 10 s.

[0053] Further, Ty g may be between 0.4 and 0.6 times Tqignch/gring OF Teng May be between 0.3 and 0.7 times Tignch/gring
or Tgpg may be between 0.45 and 0.55 times Tqjgncpygring OF Wherein Tg,y may be 0.5 times T
[0054] Further, Ty, may be between 0.4 and 0.6 times T
and 0.55 times Tgjgnee OF Thack May be 0.5 times Tgonce-
[0055] Further, Tgenchgring May be between 0.05 and 0.15 times Ty, or between 0.02 and 0.25 times Ty, or between
0.08 and 0.12 times Ty OF Tyjenchigring May be 0.1 times Ty

[0056] Further, T, may be less than Ty, and less than Tggpce, SUch as between 0.15 and 0.25 times Tgjence OF
Twait May be 0.1 times T,

clench/grind-

or between 0.3 and 0.7 times T or between 0.45

silence silence

silence*

Processing unit

[0057] Ina preferred embodimentofthe presentdisclosure, the processing unitis configured to automatically determine
a threshold level according to previously described.

[0058] Accordingly, the processing unit may be configured to perform the previously described method such that it
may be used for automatic detection of teeth clenching and/or teeth grinding.

[0059] Inthe presently disclosed method, the frequency domain transform is hardware implemented in the processing
unit. This may be advantageous in that it may speed up the processing time.

[0060] Furthermore, in the presently disclosed method, the signals indicative of said facial activity represents the level
of biting force vs. time of the subject and wherein the processing unit is configured to perform the described method and
wherein an event of teeth clenching and/or teeth grinding is an event of bruxism. As previously described, the various
signals may be related to the facial activity such as moving the jaw, thereby able to represent the level of biting force
vs. time and relate this to bruxism. The facial activity may also be muscle activity, teeth grinding, and/or teeth clenching.

Measuring unit

[0061] In one embodiment of the present disclosure, the measuring unit comprises at least one electrode assembly
for providing said signals. The signals as previously described are indeed measurable using at least one electrode.

Feedback unit

[0062] In one embodiment of the present disclosure, the device is further comprising a feedback unit for providing a
feedback signal in response to detecting said bruxism. In this way, the feedback unit may be able to provide treatment
of bruxism. If the feedback may be provided for night-time bruxism, the feedback may be such that the user may not be
awakened during sleep. Furthermore, the feedback may not be given in situations that are not related to bruxism.
[0063] Accordingly, the measuring unit may be configured to provide a feedback signal in response to detecting said
bruxism. The feedback signal may be a visual, tactile, acoustic, and/or medical, such as a relaxing agent, feedback
delivered to the subject. In the case of a visual feedback signal, it may for example be on a screen, such as on a
smartphone, a phone, a tablet, a computer screen or any type of display. The visual feedback may however also be a
diode, such as an LED, or any type of lamp. In the case of tactile feedback signal, it may for example be a vibration such
as from vibrators in smartphones or phones. The accoustic feedback signal may be a sound from a speaker such as
within a smartphone, a phone or a speaker by itself.

[0064] In another embodiment of the present disclosure, the measuring unit is configured to stop providing signals
indicative of facial activity for a predetermined period of time, when a feedback signal is provided in response to detecting
said bruxism. This may be to avoid too many signals at the same time.

Design and power integration

[0065] In one embodiment of the present disclosure, the processing unit is integrated / incorporated in the measuring
unit. Such a design may allow the user to wear only one unit. Accordingly, the device may be manufactured with low
cost such as in terms of materials.

[0066] In another embodiment of the present disclosure, the measuring unit comprises an electrode assembly con-
figured to be attached to the skin of the subject and wherein the device is configured to monitor the electrical connection
between the electrode assembly and the skin, and wherein the processing unit is configured to begin processing the
signals when a connection between skin and electrode assembly has been detected. Such a configuration may allow
for optimal power usage, i.e. to save power and provide user-friendly operation. In this regard, the device may be further
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comprising an internal chargeable electrical power source, such as a battery, for powering the device.
User-friendly bruxism system

[0067] In one embodiment of the present disclosure, the device and the storage case are configured such that the
device is automatically switched off when installed in the storage case if the storage case is not connected to an external
electrical power source. Such a configuration may allow for optimal power usage, i.e. to save power and provide user-
friendly operation.

[0068] According to one embodiment of the present disclosure, the storage case may comprise an electrical circuit
configured to detect an electrical connection between the storage case and the device. Accordingly, the device may
comprise at least one magnet and the storage case may comprise a sensor unit for sensing the presence of a magnetic
field, such as a hall-effect switch, and wherein the storage case sensor is configured to detect the presence of the device
in the storage case.

[0069] Inanotherembodimentofthe presentdisclosure, the device may comprise a mechanical switch thatis configured
to be engaged by the device when the device is installed in the storage case.

[0070] In yet another embodiment of the present disclosure, the storage case and the device is configured such that
the internal chargeable electrical power source in the device is charged by electrical power transmitted wirelessly from
the storage case to the device. This may ease operation of the device.

Example 1

[0071] In order to calculate a background level, the background level may be a low pass filtered EMG signal envelope
as here described.
[0072] The filter is a 1St - order autoregressive filter in the form:

y(n)=0.99y(n-1)+0.01-x(n-80),
where

x(n-80) is the 2.56 second old envelope value (80samples/31.25samples/s=2.56s), y(n-1) is the latest value of the
background level,

y(n) is the new value of the background level,

0.99 is the filter coefficient,

0.01 is a gain-factor on the input signal, to ensure an overall gain of 1.

[0073] The calculation is implemented in integer arithmetic, to reduce computational load in the embedded processor.
This is done by multiplying the values from the FFT algorithm (which is an 8-bit algorithm), with a scaling factor of 10000.
Further, the filter described above is calculated as

y(n) = (99y(n-1)+1-x(n-80) ) / 100

as decimal numbers cannot be represented in integer arithmetic.
[0074] The Magnitude and Phase responses of the filter are shown in Figure 1. It has a -3dB cutoff frequency of 0.05
Hz (1/20 Hz).

Example 2

[0075] An illustration of an embodiment of the method for automatic detection of teeth clenching is shown in Figure
2. In Figure 2, the data is EMG data obtained from EMG signals. The signal envelope 23 is calculated by FFT of the raw
EMG signal 24. As can be seen from Figure 2, the estimated background level 22, 22’ is constantly changing with respect
to time, except for the periods wherein the calculation is stopped, i.e. wherein the method is fixing the threshold level,
and after which the calculations are restarted. It can be seen in Figure 2 that four bursts 25 are detected in total.
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Example 3

[0076] An illustration of another embodiment of the method for automatic detection of teeth clenching is shown in
Figure 3. In Figure 3, the data is EMG data obtained from EMG signals. In Figure 3 is shown the initial output from the
method when no activity related to the teeth clenching has been assigned. The raw EMG signal 34 is sampled at 2000
Hz. The signal envelope 33 is calculated by a 64-point FFT and averaging pins 7-13, as this corresponds to an RMS
value of frequencies between 218 and 406 Hz. As can be seen from Figure 3 the initial output of the background level
31 is rather high and the method waits 5 seconds before it starts calculating new outputs (assuming that a signal may
have been present before the start of the method). The initial value of the background level 31 is set to a higher value
than expected in the recorded signal 34. Due to the high start level and depending on the actual level of background
activity, it can take up to 10s for the filter to find the precise level of the background activity. In this particular example,
the filter has a time constant, t = 1/ (2n f34g) where f3;5 = 0.05Hz, i.e. t = 3.2s.

Example 4

[0077] An example of a measuring unit is shown in Fig. 4. It comprises three electrode assemblies, each assembly
consisting of an electrode connector 1, an electrode 2 to be connected on the top surface 3, such that the bottom surface
4, connects to the skin with the three electrodes 2.

Example 5

[0078] Another embodiment of the method for automatic detection of teeth clenching, illustrated as a flow chart, is
shown in Figure 5. The flow chart starts from the top, where a new signal envelope is calculated. This is an initial step
to the disclosed method, which may be providing a frequency domain transform of the dataset, a frequency domain
transform such as fast Fourier transform (FFT), discrete Fourier transform (DFT), discrete cosine transform (DCT) or
discrete wavelet transform (DWT). The initial step as here illustrated may also comprise the step of averaging a predefined
number of frequencies. The next step may be related to the measuring unit, since the measuring unit may comprise an
electrode assembly configured to be attached to the skin of the subject and wherein the device may be configured to
monitor the electrical connection between the electrode assembly and the skin, and wherein the processing unit may
be configured to begin processing the signals when a connection between skin and electrode assembly has been
detected. In case of poor electrical connection between the electrode assembly and the skin, the measuring unit restarts
as shown in the flow chart. When beginning processing the signals, it may also check whether or not event detection is
enabled as also shown in flow chart. In case of event detection being disabled, the time since last event is being updated
as shown in the flow chart. From here, and in all circumstances, if no events of teeth clenching and/or teeth grinding
has been assigned for a third predefined period of time T, it May be possible to go back to start. In some cases,
the step back to start may be followed with a calculation of a threshold level of biting force assigned to time t=t; based
on a background level determined from the dataset at a prior time t=t4-Ty o, Where Ty, is a first predefined period of
time. From start, there may be a check of the level of biting, and if the level of biting force at time, t, exceeds the threshold
level assigned to time t; for a second predefined period of time, Tgencygring: then there may be assigned an event of
teeth clenching to time t. If an event of teeth clenching has been assigned to time t, then there may be either a waiting
of a predefined period of time T, or a waiting until the level of biting is below the threshold for another predefined
period of time T4 If no events of teeth clenching and/or teeth grinding have been assigned for a third predefined period
of time Tg;ence, the procedure repeats itself. On the other hand, if events of teeth clenching and/or teeth grinding have
been assigned for a third predefined period of time Tg;ence, then there may be a repeating of only some of the steps as
shown in the flow chart.

Example 6

[0079] An illustration of another embodiment of the method for automatic detection of teeth clenching is shown in
Figure 6. In Figure 6, the data is EMG data obtained from EMG signals. As can be seen from Figure 6, the estimated
background level 62 is constantly changing with respect to time, except for these periods wherein the calculation is
stopped, i.e. wherein the method is fixing the threshold level 61, and after which the calculations are restarted. It can
be seen in Figure 6 that eight events 65 related to grinding are detected in total. In this example, the raw signal 64 is
sampled at 2000 Hz. The signal envelope 63 is calculated by a 64-point FFT and averaging pins 7-13, as this corresponds
to an RMS value of frequencies between 218 and 406 Hz. The noise level 62 is calculated by low-pass filtering the
envelope when no activity is detected for at least 5 seconds. Furthermore, the threshold 61 for an event detection of
grinding and/clenching is 3 times higher and 2.5 seconds delayed compared to the noise level 62. An event detection
of grinding and/clenchingis assigned if the envelope 63 is above the threshold 61 for more than 0.25 seconds. Accordingly,
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the events noted as A, E and F are small bursts, and not related to events of grinding and/clenching because the durations
are too short. The events noted as B, D, G, H, | and K are bursts that are related to events of grinding and/clenching
because the durations are longer than 0.25 seconds. The event noted as C is long burst between 2-3 seconds, and
accordingly detected as two bursts, since per definition a burst is defined as 1 second in duration. The events noted as
J, L and M are changes in background level, and because the signal envelopes 63 are too low in amplitude, they are
not assigned as events related to grinding and/clenching. In the time before the event A, only the noise level 62 is
changing, and the threshold level 61 is therefore constantly adapting to it. When the background level 62 is elevated at
the event L, the threshold level 61 at M is accordingly elevated.

Example 7

[0080] An embodiment of the method for automatic detection of teeth clenching, illustrated as a detailed flow chart, is
shown in Figure 7. The detailed flow chart is divided into four blocks as shown with punctured lines, wherein the four
blocks are shown as enlarged in Figure 8-11. The upper left block of Fig. 7 is shown enlarged in Fig 8, the upper right
block of Fig. 7 is shown enlarged in Fig 9, the lower right block of Fig. 7 is shown enlarged in Fig 10 and the lower left
block of Fig. 7 is shown enlarged in Fig 11.

[0081] The flow chart starts from the top, where a new signal envelope is calculated. This is an initial step to the
disclosed method, which may be providing a frequency domain transform of the dataset, a frequency domain transform
such as fast Fourier transform (FFT), discrete Fourier transform (DFT), discrete cosine transform (DCT) or discrete
wavelet transform (DWT). The initial step as here illustrated may also comprise the step of averaging a predefined
number of frequencies. The next step may be related to the measuring unit, since the measuring unit may comprise an
electrode assembly configured to be attached to the skin of the subject and wherein the device may be configured to
monitor the electrical connection between the electrode assembly and the skin, and wherein the processing unit may
be configured to begin processing the signals when a connection between skin and electrode assembly has been
detected. In case of poor electrical connection between the electrode assembly and the skin, the measuring unit restarts
as shown in the flow chart. When beginning processing the signals, it may also check whether or not event detection is
enabled as also shown in flow chart. In case of event detection being disabled, the time since last event is being updated
as shown in the flow chart. From here, and in all circumstances, if no events of teeth clenching and/or teeth grinding
has been assigned for a third predefined period of time Tg;.nce, it May be possible to go back to start. In some cases,
the step back to start may be followed with a calculation of a threshold level of biting force assigned to time t=t; based
on a background level determined from the dataset at a prior time t=t4-Ty 5, Where Ty, is a first predefined period of
time. From start, there may be a check of the level of biting, and if the level of biting force at time, t, exceeds the threshold
level assigned to time t; for a second predefined period of time, Tgencygring: then there may be assigned an event of
teeth clenching to time t. If an event of teeth clenching has been assigned to time t, then there may be either a waiting
of a predefined period of time T, or a waiting until the level of biting is below the threshold for another predefined
period of time T,,4. If no events of teeth clenching and/or teeth grinding have been assigned for a third predefined period
of time Tgjence, the procedure repeats itself.

[0082] On the other hand, if events of teeth clenching and/or teeth grinding have been assigned for a third predefined
period of time Tg;ence: then there may be a repeating of only some of the steps as shown in the flow chart.

Claims

1. A computer implemented method for automatic detection of a predefined event in a dataset representing the level
of muscular activity vs. time of a subject, the method comprising the steps of:

a) calculating a threshold level of muscular activity assigned to time t=t, based on a background level determined
from the dataset at a prior time t=t;-T, ., Where T, is a first predefined period of time,

b) checking the level of muscular activity, and if the level of muscular activity at time, t, exceeds the threshold
level assigned to time t; for a second predefined period of time, Tjench/gring: then assigning an event to time t,
c) if an event has been assigned to time t, then either waiting a predefined period of time T,,;;, or waiting until
the level of muscular activity is below the threshold for another predefined period of time Tgq,

d) if no events have been assigned for a third predefined period of time Tg;..ce then repeating steps a)-c),

e) if events have been assigned for a third predefined period of time T then repeating only steps b)-c),
characterized in that

the predefined event is teeth clenching, teeth grinding, biting and/or chewing.

silence’

2. The method according to claim 1, wherein the level of muscular activity is the level of biting force.
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The method according to any of the preceding claims , wherein an event of teeth clenching and/or teeth grinding is
characterized as one or more of the following: bruxism, daytime bruxism, nocturnal bruxism.

The method according to any of the preceding claims, wherein the dataset comprises one or more of the following:
electromyography (EMG) data, electroencephalography (EEG) data, phonomyography (PMG) data, acceleration
data, sound data and strain gauge data.

The method according to any of the preceding claims, further comprising an initial step of providing a frequency
domain transform of the dataset, a frequency domain transform such as fast Fourier transform (FFT), discrete Fourier
transform (DFT), discrete cosine transform (DCT) or discrete wavelet transform (DWT).

The method according to any of the preceding claims, wherein Toy < Teienchigrind < Twait < Thack < Tsilence-

The method according to any of the preceding claims, wherein Tgng = 0.125's, Tejenchigring = 0-25 S, Thack =25 S,
T =5sand T, =1s.

silence wait

The method according to any of the preceding claims, wherein T, is between 0.4 and 0.6 times T and/or

wherein T, is between 0.4 and 0.6 times T

clench/grind:

silence*

The method according to any of the preceding claims, wherein Tjgnchgring i between 0.05 and 0.15 times Tpaq,
and/or
wherein T, is less than Ty, and less than Tgjence, Such as between 0.15 and 0.25 times Tgjepnce-

The method according to any of the preceding claims, wherein the threshold level is greater than and proportional
to the background level.

The method according to any of the preceding claims, wherein the automatic detection is a real-time process carried
out on a stream of data continuously received.

A device for monitoring facial activity related to teeth clenching and/or teeth grinding of a subject comprising:

- a measuring unit for providing signals indicative of said facial activity, and

- a processing unit for processing said signals in order to detect said teeth clenching and/or teeth grinding,
wherein the processing unit is configured to automatically determine a threshold level according to any of the
preceding claims 1 to 11.

The device according to any claim 12, wherein the signals indicative of said facial activity represents the level of
biting force vs. time of the subject and wherein the processing unit is configured to perform the method of any of
the preceding claims 1 to 11 and wherein an event of teeth clenching and/or teeth grinding is an event of bruxism.

The device according to any of the preceding claims 12-13, wherein the measuring unit comprises an electrode
assembly configured to be attached to the skin of the subject and wherein the device is configured to monitor the
electrical connection between the electrode assembly and the skin, and wherein the processing unit is configured
to begin processing the signals when a connection between skin and electrode assembly has been detected.

Patentanspriiche

1.

Computerimplementiertes Verfahren zum automatischen Erkennen eines vordefinierten Ereignisses in einem Da-
tensatz, welches das Niveau der Muskelaktivitat gegen die Zeit eines Subjekts darstellt, wobei das Verfahren die
folgenden Schritte umfasst:

a) Berechnen eines Schwellenwertniveaus der Muskelaktivitat, dem die Zeit t=t; basierend auf einem Hinter-
grundniveau, das zu einem friheren Zeitpunkt t=t;-T, ;o @us dem Datensatz ermittelt wurde, zugewiesen wird,
wobei T,k €ine erste vordefinierte Zeitspanne ist,

b) Uberpriifen des Niveaus der Muskelaktivitdt und wenn das Niveau der Muskelaktivitat zur Zeit t das der Zeit
t; zugewiesene Schwellenwertniveau fir eine zweite vordefinierte Zeitspanne Ty essensknirschen UbETschreitet,
dann Zuweisen eines Ereignis zu der Zeit t,

1"



10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

EP 3 139 819 B1

c) wenn der Zeit t ein Ereignis zugewiesen wurde, dann entweder Warten eine vordefinierte Zeitspanne T,,,10n
oder Warten bis das Niveau der Muskelaktivitat unter dem Schwellenwert fur eine weitere vordefinierte Zeit-
spanne Tgpqe liegt,

d) wenn fur eine dritte vordefinierte Zeitspanne Ty, keine Ereignisse zugewiesen wurden, dann Wiederholen
der Schritte a)-c),

e) wenn Ereignisse fir eine dritte vordefinierte Zeitspanne Ty, Zugewiesen wurden, dann Wiederholen nur
der Schritte b)-c),

dadurch gekennzeichnet, dass

das vordefinierte Ereignis Zdhnezusammenpressen, Zahneknirschen, BeilRen und/oder Kauen ist.

Verfahren nach Anspruch 1, wobei das Niveau der Muskelaktivitat das Niveau der Beil3kraft ist.

Verfahren nach einem der vorhergehenden Anspriiche, wobei ein Ereignis eines Zahnezusammenpressens
und/oder Zahneknirschens als eines oder mehrere der Folgenden gekennzeichnet ist: Bruxismus, Wachbruxismus,
Schlafbruxismus.

Verfahren nach einem der vorhergehenden Anspriiche, wobei der Datensatz eines oder mehrere von Folgendem
umfasst: Elektromyografie(EMG)-Daten, Elektroenzephalografie(EEG)-Daten, Phonomyografie(PMG)-Daten, Be-
schleunigungsdaten, Schalldaten und Dehnungsmessstreifen-Daten.

Verfahren nach einem der vorhergehenden Anspriiche, ferner umfassend einen ersten Schritt des Bereitstellens
einer Frequenzbereichstransformation des Datensatzes, eine Frequenzbereichstransformation wie schnelle Fourier-
Transformation (FFT), diskrete Fourier-Transformation (DFT), diskrete Kosinustransformation (DCT) oder diskrete
Wavelet-Transformation (DWT).

Verfahren nach einem der vorhergehenden Anspriiche, wobei Tgnge < Thressenvknirschen < Twarten < Tzuriick < TRuhe:

Verfahren nach einem der vorhergehenden Anspriche, wobei Tgnge = 0,125 S, Tpressensknirschen = 0,25 S, Toyriick =
258, Truhe =5sund Ty q4en = 15.

Verfahren nach einem der vorhergehenden Anspriiche, wobei Tg,qe zwischen 0,4 und 0,6 mal Tessenknirschen €0t
und/oder wobei T, ZWischen 0,4 und 0,6 mal T, liegt.

Verfahren nach einem der vorhergehenden Anspriiche, wobei T essenyknirschen ZWischen 0,05 und 0,15 mal Tyex
liegt und/oder wobei T, 4o, Kleiner als T, .. und kleiner als Tg . ist, wie zwischen 0,15 und 0,25 mal T e.
Verfahren nach einem der vorhergehenden Anspriiche, wobei das Schwellenwertniveau gréRRer als und proportional
zum Hintergrundniveau ist.

Verfahren nach einem der vorhergehenden Anspriiche, wobei die automatische Erkennung ein Echtzeitprozess ist,
der an einem kontinuierlich empfangenen Datenstrom ausgefihrt wird.

Vorrichtung zum Uberwachen der Gesichtsaktivitit im Zusammenhang mit Zahnezusammenpressen und/oder Z&h-
neknirschen eines Subjekts, umfassend:

- eine Messeinheit zum Bereitstellen von Signalen, welche die Gesichtsaktivitat anzeigen, und

- eine Verarbeitungseinheit zum Verarbeiten der Signale, um das Zdhnezusammenpressen und/oder Zahne-
knirschen zu erkennen, wobei die Verarbeitungseinheit dazu konfiguriert ist, ein Schwellenwertniveau nach
einem der vorhergehenden Anspriiche 1 bis 11 zu ermitteln.

Vorrichtung nach Anspruch 12, wobei die Signale, welche die Gesichtsaktivitdt anzeigen, das Niveau der Beilkraft
gegen die Zeit des Subjekts darstellen und wobei die Verarbeitungseinheit dazu konfiguriert ist, das Verfahren nach
einem der Anspriiche 1 bis 11 auszufiihren, wobei ein Ereignis des Zdhnezusammenpressens und/oder Zéhne-
knirschens ein Bruxismus-Ereignis ist.

Vorrichtung nach einem der vorhergehenden Anspriiche 12-13, wobei die Messeinheit eine Elektrodenanordnung

umfasst, die dazu konfiguriert ist, an der Haut des Subjekts angebracht zu werden und wobei das Gerét dazu
konfiguriert ist, die elektrische Verbindung zwischen der Elektrodenanordnung und der Haut zu tberwachen, und
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wobei die Verarbeitungseinheit dazu konfiguriert ist, mit dem Verarbeiten der Signale zu beginnen, wenn eine
Verbindung zwischen Haut und Elektrodenanordnung erkannt wurde.

Revendications

1.

10.

1.

Procédé mis en oeuvre par ordinateur pour la détection automatique d’un événement prédéfini dans un ensemble
de données représentant le niveau d’activité musculaire par rapport au temps d’un sujet, le procédé comprenant
les étapes consistant a :

a) calculer un niveau de seuil d’une activité musculaire affectée & un temps t = t, sur la base d’un niveau de
fond déterminé & partir de I'ensemble de données & un temps antérieur t = t; - T, ., OU Ty, €8t Une premiere
période de temps prédéfinie,

b) vérifier le niveau d’activité musculaire, et si le niveau d’activité musculaire au temps, t, dépasse le niveau de
seuil affecté au temps t4 pour une seconde période de temps prédéfinie, Tjencygring: affecter alors un événement
au temps t,

c) si un événement a été affecté au temps t, alors soit attendre une période de temps prédéfinie T,,;;, soit
attendre jusqu’a ce que le niveau d’activité musculaire soit inférieur au seuil pour une autre période de temps
prédéfinie Tq,

d) si aucun événement n’a été affecté pour une troisiéme période de temps prédéfinie Tgjjoce, répéter alors les
étapes a) a ¢),

e) si des événements ont été affectés pour une troisiéme période de temps prédéfinie Tgjonce, répéter alors
uniqguement les étapes b) a c),

caractérisé en ce que

I'événement prédéfini est un serrage de dents, un grincement de dents, une morsure et/ou une mastication.

Procédé selon la revendication 1, dans lequel le niveau d’activité musculaire est le niveau de force de morsure.

Procédé selon I'une quelconque des revendications précédentes, dans lequel un événement de serrage de dents
et/ou de grincement de dents est caractérisé en tant que un ou plusieurs parmiles suivants : le bruxisme, le bruxisme
diurne, le bruxisme nocturne.

Procédé selon I'une quelconque des revendications précédentes, dans lequel 'ensemble de données comprend
une ou plusieurs parmi les suivantes: des données d’électromyographie (EMG), des données d’élec-
troencéphalographie (EEG), des données de phonomyographie (PMG), des données d’accélération, des données
sonores et des données de jauge de contrainte.

Procédé selon 'une quelconque des revendications précédentes, comprenant en outre une étape initiale consistant
a fournir une transformée de domaine de fréquences de I'ensemble de données, une transformée de domaine de
fréquences telle qu’une transformée de Fourier rapide (FFT), une transformée de Fourier discréte (DFT), une trans-
formée en cosinus discréte (DCT) ou une transformée en ondelettes discréete (DWT).

Procédeé selon I'une quelconque des revendications précédentes, dans lequel
Tend < Tclench/grind < Twait < Tback < Tsilence .

Procédé selon I'une quelconque des revendications précédentes, dans lequel Tgng =0,125's, Tgenchygring = 0,25 s,
Thack =25S, T =5SetT,;=1s.

silence wait ~
Procédé selon 'une quelconque des revendications précédentes, dans lequel Ty g estentre 0,4 et 0,6 fois Tenchygrind:

et/ou dans lequel Ty, est entre 0,4 et 0,6 fois Tgjgnee -

Procédé selon I'une quelconque des revendications précédentes, dans lequel Tgnch/gring €St entre 0,05 et 0,15 fois

Thack: €t/ou dans lequel T,;; est inférieur a T, et inférieur a T, tel qu’entre 0,15 et 0,25 fois T

wai silence’ silence*

Procédeé selon I'une quelconque des revendications précédentes, dans lequel le niveau de seuil est supérieur et
proportionnel au niveau de fond.

Procédé selon I'une quelconque des revendications précédentes, dans lequel la détection automatique est un
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procédé en temps réel mené a bien sur un flux de données regues en continu.

Dispositif pour surveiller une activité faciale liée a un serrement de dents et/ou a un grincement de dents d’un sujet
comprenant :

- une unité de mesure pour fournir des signaux indiquant ladite activité faciale, et

- une unité de traitement pour traiter lesdits signaux afin de détecter ledit serrement de dents et/ou grincement
de dents, dans lequel I'unité de traitement est configurée pour déterminer de maniére automatique un niveau
de seuil selon 'une quelconque des revendications précédentes 1 a 11.

Dispositif selon une quelconque revendication 12, dans lequel les signaux indiquant ladite activité faciale représen-
tent le niveau de force de morsure par rapport au temps du sujet et dans lequel 'unité de traitement est configurée
pour réaliser le procédé selon I'une quelconque des revendications précédentes 1 a 11 et dans lequel un événement
de serrage de dents et/ou de grincement de dents est un événement de bruxisme.

Dispositif selon I'une quelconque des revendications précédentes 12 a 13, dans lequel I'unité de mesure comprend
un ensemble a électrodes configuré pour étre fixé a la peau du sujet et dans lequel le dispositif est configuré pour
surveiller la connexion électrique entre I'ensemble a électrodes et la peau, et dans lequel I'unité de traitement est
configurée pour débuter le traitement des signaux lorsqu’une connexion entre la peau et 'ensemble a électrodes
a été détectee.
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