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Title Inducing lucid dreaming

FIELD OF THE INVENTION

The present inventicn is in the field of induction of
lucid dreams by Transcranial Alternating Current Stimulation
{TACS) .

BACKGROUND CF THE INVENTION

The present invention is in the field of induction of
lucid dreams by Transcranial Alternating Current Stimulation
(TACS). Lucid dreaming refers to a well-documented and scien-
tifically accepted phenomenon that may occur during natural
sleep. Lucid dreaming can be characterized by awareness of the
fact that one is dreaming, an increased chance of contrcl over

the events that are occurring within the dream, and increased

logical cor raticnal thought during the dream.

Research has shown that the likeliheood of lucid dream-
ing to occur during natural sleep is relatively commcn for
children, but declines with age. In adulthood, the likelihood
0of naturally occurring lucid dream is very small. Lucid dream-
ing and a deliberate induction cf lucid dreams has been a topic
of interest in Hinduism and Buddhism for many years. In western
society the scientific and public interest in induction of lu-
cid dreaming is increasing rapidly in recent years.

The inducticn of lucid dreams can be used in different
contexts. A first application is recreational; the above char-
acteristics of lucid dreaming: awareness, contrcl and thought,
are commonly experienced as entertaining, pleasurable and up-
lifting. Second, induction of lucid dreaming can be used in a
therapeutic setting. The clinical application of lucid dreaming
induction has mainly focused on treating recurrent nightmares
(Abramcvitch, 1995; Aurcra et al., 2004; Brylowski, 1990;
Spoormaker & wvan den Bout, 2006; Tanner, 2004; Zadra & Pihl,
1997), whereas possible clinical applications may include psy-
choses in schizophrenia, sleep walking, sleep paralyses and
physical rehabilitation through motor imagery (Mota-Rolim &
Arauje, 2013). Further lucid dream induction may be useful for
practicing or rehearsing waking activities such as oral presen-
tations, playing a musical instrument and sports.

There exist a number of methods that are aimed at in-
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creasing the likelihood of lucid dreams. These methods are de-
tailed below and can rcughly be categorized as cognitive tech-
nigues, external stimulation, drugs, and electrical neuromcdu-
lation.

Cognitive technigues.

Several forms of mental exercises have been studied
that aim to increase the likelihood ¢f lucid dreams. For exam-
ple, the Mnemconic Induction of Lucid Dreams (MILD) technique
reguires subjects to practice remembering and rehearsing
dreams, to feocus on the intent tce become lucid and to visualize
becoming lucid during normal dreams. According to a recently
published review paper (Stumbrys et al., 2012) there is some
evidence that cognitive techniques may have a modest effect on
the likelihood of lucid dreams.

External stimulation.

There have been numerous attempts to induce a lucid
dream by applying some form of external stimulation during
dreaming. One of the most common forms of external stimulation
is light stimulation applied using a sieep-mask; more specifi-
cally, a sleep-mask containing small light bulbs starts to emit
light flashes during dreaming. These light flashes will be ex-
perienced by a subject while dreaming and serves as a cue for
realizing that the subject is dreaming, thus triggering a lucid
dream state. Stumbrys et al. (2012) concluded that light stimu-
lation may increase the likelihood of lucid dreams, but that
the studies that report these effects have poor methodological
designs and publication bias may have played a role. Therefore
the results of these studies should be interpreted with cau-
tion.

Drugs.

There is a study that has been described in the U.S.
Pat. No 0266659 (LaBerge, 2004) that showed that Donepezil, an
acetylcholine esterase inhibiteor, increases the likelihood of
lucid dreams. However, this study has not been published in a
scientific journal, which makes it not possible to judge its
scientific validity.

Electrical neuromodulation

More recent attempts in inducing lucid dreams have

used methods with which brain activity can be modulated direct-
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ly using electrical stimulation applied to the scalp. One study
by Stumbrys (2013) applied Transcranial Direct Current Stimula-
tion (IDCS) during dreaming using electrodes attached to the
subjects’ forehead. TDCS refers to a technique in which a con-
stant, weak electrical current flows from cne electrode {the
cathode) to another (the anocde). Research has shown that brain
activity increases at the anode site and decreases at the cath-
ode site. The aim of Stumbrys et al. {2013} was to change brain
activity in the frontal regions of the brain, since these are
presumably involved in lucid dreaming. The TDCS stimulaticon in-
creased the likelihocd of lucid dreams only in experienced lu-
cid dreamers and the effects were not very strong.

Transcranial Alternating Current Stimulation (TACS)

refers te a technigue in which a weak alternating current is
applied to the brain using electrodes attached tc the scalp. An
important feature of TACS is that the alternating current can
be applied in different frequencies. Kroll {(U.S. Pat. No
8267851 Bl, 2012) filed a patent directed tc a method and de-
vice using a specific CES signal with a central freguency
around 40Hz and a specific energy distribution which is applied
during waking. The goal thereof is to increase the chance of
lucid dreaming later on after the subject falls asleep. There
have been nc scientific studies showing that this indeed is an
effective method to induce lucid dreams.

Voss et al. (2014) studied the effects of TACS with
different fregquencies applied tc the frontal and temporal re-
gions of the brain during normal dreaming. The results showed
that in unexperienced, naive subjects, lucid dreams were in-
duced in about 58% and 77% of the cases when TACS was applied
with 25Hz and 40Hz. TACS was only applied by a person detecting
eye-movement associated with REM-sleep; such detection is con-
sidered to be gquite random and not systematic. This percentage
was significantly higher compared to TACS with 2Hz, 6Hz, 12Hz,
70Hz or 100Hz TACS or sham stimulation, which resulted in an
average lucild dream induction percentage of 5%. Dream
detection

Most research on lucid dreaming relies con polysomnog-
raphy in order to distinguish dreams from other sleep stages.

The dream stage is often referred to as rapid eye movement
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{REM}) sleep in this context, since the occurrence cof rapid eye
movements i1s a commcn feature of dreams. Polysomnography is a
technique in which several physiological measures are ccmbined.
These physicleogical measures include Electroencephalography
(EEG, which measures brain activity), electrocardiogram (ECG,
which measures hart rate), electro-oculogram (EQG, which
measures eye movements;, electromyogram (EMG, which measures
muscle tension), and respiration measures (oral and nasal air-
flow, thoraco-abdominal respiratory movements, and oxygen satu-
ration).

Even though poclysomnography is considered a ‘golden
standard’ for distinguishing sleep stages, the technique is
cumbersome, expensive and not suitable for home use without su-
pervision. Therefore detection of eye movement is used in iso-
lation for detecting REM sleep in the currently available lucid
dreaming devices that either apply external auditory/visual
stimulation or TACS. Eye movements are either detected with EOG
or infrared light movement sensors in these devices. A standard
way to record EOG is using electrodes placed at the outer can-
thus of the left and right eye. However, EQG can also be meas-
ured at other locations of the scalp, such as the forehead. Eye
movements produce out-cof-phase voltage deflections which can be
used for automatic detection of eye movements. However, eye
movements are cnly present in a fraction (about 27%) of the
time in REM sleep and the scientific basis for reliably detect-
ing REM sleep using eye movement is weak.

Some further documents may be considered.

Us 2008/319505 Al recites an integrated transcranial
current stimulation and electroencephalography device, wherein
date obtained by EEG electrodes is received, amplified, con-
verted, and then processed by a microcontroller that extracts
frequency informaticn from the sampled data and produces sig-
nals 1in response tc the extracted EEG data. These signals are
converted to create a software-definable alternating voltage
used to control a current-source that connects to stimulation
electrodes. The device may further download recorded EEG data
from the microcontroller to a computer for further analysis.
Using the device, EEG signals are detected, then received, pro-
cessed, and analyzed by a microcontroller to identify the pa-



10

15

20

25

30

35

WO 2016/209078 PCT/NL2016/050448

tient state. Based on the patient state and the desired proto-
cel, a type and amount cf current stimulation to apply to the
patient is determined and a control signal is sent from the mi-
crocontroller to the current source in order to trigger the
transcranial current stimulation of the patient. Said device is
first of all not intended for inducing lucid dreams but for
treating schizophrenia and does nct mention such at all. Fur-
ther the used frequency of 1 Hz 1s typicaily too low, the de-
vice can ncot be fixed, no processor is provided, which makes it
even mere unsuited.

W02015/069632 Al recites methods, devices and systems
for transcranial stimulation. Apparently certain characteris-
tics of a detected EEG signal result in application of TACS.
The EEG signal 1s used for detecting deviating neural oscilla-
tions and treatment thereof with TACS with the aim of reducing
said deviations.

The above methods of inducing lucid dreaming are
therefore considered unreliable.

The present invention therefore relates to an improved
method and device for inducing lucid dreaming, which solves one
or more of the above problems and drawbacks of the prior art,
providing reliable results, without jeopardizing functionality
and advantages.

SUMMARY OF THE INVENTION

The present invention relates to a device 100 accord-
ing to claim 1, and a method according to claim 5, for inducing
lucid dreaming.

The present method and device relate to lucid dream
induction during dreaming such as by utilizing an Electrocen-
cephalogram (EEG) for detecting dreams. Lucid dreaming is then
induced using electrical stimulation during normal dreams. The
device monitors brain activity using at least one electrode at-
tached to a subject’s head during sleep. The device detects
when the subject starts to dream, upon which the device will
start to stimulate the brain e.g. for several minutes using
weak electrical pulses with an amplitude and frequency found to
elicit lucid dreaming. It has been found that using a single
channel EEG, REM-sleep can be detected with an accuracy of

above 85%. After detecting REM-sleep lucid dreaming is almost
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always induced (> 77%).

In standard polysomnography, EEG is recorded using one
or more electrodes pocsitioned according to the international
10-20 system. Automatic detecticn of REM sleep on the basis of
the EEG signal is fundamentally different from autecmatic detec-
tion of REM sleep on the basis of the EOG signal in that EEG
analyses for automatic REM detection typically includes a form
of spectral decomposition in order to assess the amplitude of
the relevant different neural activity frequencies (or oscilla-
tions). Spectral decomposition analyses include, but are not
limited to band-pass filtering, Fast Fourier Transformations
and wavelet analyses.

None of the pricr art methods describe a combination
of detecting REM sleep using EEG and stimulating brain activity
using TACS during the REM phase in order to induce lucid dream-—
ing. With the present invention it has been found that in more
than 77% of the detected REM sleep lucid dreaming is achieved.

Disclosed herein is a methed and device for inducing
lucid dreams by applying TACS during REM sleep; such is typi-
cally done in an autcmated manner, amcngst others by detecting
REM sleep, which is typically not possible with prior art de-
vices. The device is preferably an integrated device, having
substantially or all of its components, in so far as possible,
in one housing 103 or the like. In addition the present device
is wearable, typically on the head of a person. A preferred em-
bodiment of the device contains electrodes 10la,b which are po-
sitioned on the forehead 101z and behind the ears 101b (on the
mastoids) of a subject (or person). Using one or more of these
electrodes, EEG can be measured and REM sleep can be detected
€.g. by applying threshold criteria toc specific spectral char-
acteristics within the EEG signal. TACS may be applied using
the same electrodes as those used for measuring EEG though it
is preferred to apply TACS at least on the frontal brain areas
(left and right) and only optionally in combination with the
mastcids.

The present device comprises a fixing means 107 for
fixing or attaching the device to a person’s head, such as an
electrode with adhesive material, a strap, a belt, an elastic

band, etc. The fixing means is preferably adjustable to a size
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of the persons head.

The device comprises an electrical pulse generator 326
for providing transcranial alternating current stimulation
(TACS) pulses during REM sleep. The alternating current has a
specific frequency and amplitude. It is also preferred to con-
trol electrode impedance within a specific range. Good results
are obtained with alternating currents in a frequency range of
5-70 Hz, preferably 10-60 Hz, more preferably 35-45 Hz, such as
40 Hz, an electrode impedance of 1-100 kQ, preferably 1-10 kQ,
such as 2-5 kQ, and a current density of 1-10000 ud/cm?, pref-
erably 2-2500 pA/cm®, more preferably 5-1000 pA/cm?, even more
preferably 10-100 paA/cm®, such as 15-75 pA/cm?, e.g. 18, 20, 40
or 60 pA/cm®. The term impedance relates to the measure of the

opposition that a circuit presents to a current when a voltage

is applied. In this case the impedance relates to the output
impedance of the electrodes.

The device comprises at least one pair of first elec-
trodes 10ie,b, the first electrocdes of a pair spaced apart, for
providing TACS pulses preferably to the frontal brain area,
typically to a left and right section thereof. Typically the
first electrodes are spaced apart e.g. such that at least one
is located on a forehead of a person and at least one behind an
ear (the mastoid). In such a case a connector is provided be-
tween the electrode and the device.

The device comprises at least one sensor 201 for elec-
trically detecting REM sleep; such is typically not found in
prior art devices. The sensor is typically provided as an elec-
trode, though alternative options may be used as well, or com-
binations thereof. The sensing electrcde is typically located
on the forehead, it detects weak electrical changes and pro-
vides these as a signal to a processor. The sensor typically
forms a part of the device, but may be located elsewhere on the
body cor the like.

The present (first, second, third, etc.) electrodes
may have a shared functionality, i.e. be combined into one
electrode, such as for both detecting REM sleep and providing
(one pole) of the TACS.

The device comprises a processor 324 for processing

the signal and determining presence or absence of REM sleep.
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The device further comprises a controller 320, for
controlling TACS parameters, which may be very sophisticated.

The first and optional further electrodes, electrical
pulse generator, controller, and optional further elements, are
functionally in electrical contact with one and another.

The present device can be applied in the present meth-
od.

Thereby the present invention provides a solution to
one or more of the above mentioned problems and drawbacks,
without jeopardizing beneficial effects.

Advantages of the present description are detailed
throughout the description.

DETAILTED DESCRIPTION OF THE INVENTION

The present invention relates in a first aspect to a
device according to claim 1.

In an exemplary embediment the device further compris-
es a REM signal spectral decomposer 325, which may implement a
fast Fourier Transformation (FFT), a wavelet filter, and a band
pass—filter. Therewith a reliability of detecting REM sleep is
increased.

In an exemplary embodiment the device further compris-
es at least one second electrode 101la,b, preferably at least
two second electrodes, wherein the at least one second elec-
trode is placed at a distance arranged to be attached to a per-
son’s head behind the person’s ear such as on the mastoilds.
These at least one second electrcde may provide TACS pulses.

In an exemplary embodiment the device further compris-
es at least cone third electrede 108a for measuring a reference
signal, typically one or two electrodes. The reference signal
may be deducted from the REM-sleep signal. It has been found
that typically background noise, head movement, white noise,
power supply nolise of 50 cr 60 Hz, and muscle tension, may dis-
tort a REM sleep signal. By detecting and using the reference
signal the reliability of the REM sleep signal is hereby in-
creased and thus the chance of induction of lucid dreams is
further increased. The reference signal electrode may be one of
the TACS electrodes. Moreover, the third electrode 108a may be
used to measure impedance of the other electrodes 101la,b and

108b. TACS is only applied when the impedance is below a prede-
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fined threshold, for example 10kQ.

In an exemplary embodiment the device further compris-
es at least one of an amplifier 325, a control unit 323, a
storage unit 321, a connector 322, a power supply 310, a
memory, a transceiver, an on-off switch (105), a status indica-
tor (104), ventilation openings (106}, and software stored on
the memory. The amplifier may be used to amplify the REM sleep
signal. The contrel unit may perform further functions as is
e.g. detailed below. The storage unit may store data of a per-
son, may comprise reference data, etc. A connector may be used
to connect the present device to an outside world. Typically a
power supply, such as a battery, an energy scavenger, a capaci-

tor, and combinations thereof, is present for operating the

present device. The present device is typically operated at a
voltage of 1.5-12 V. The memory may perform comparable func-
tions as the storage unit. Typically software for operating the
device and for adapting functicnality of the device is present.

In an exemplary embodiment the device further compris-
es at least one fourth electrcde 108b or connector for ground-
ing the device. As such ncise and the like are reduced.

In an exemplary embodiment of the device at least one
of the electrical pulse generator 326, the processor 324, the
controller 320, the sensor 201, an amplifier 324, a control
unit 323, a storage unit 321, a connector 322, a power supply
310, a memory, a transceiver, an cn-off switch (105), a status
indicator (104), ventilation openings (106), and software
stored on the memory, are provided in a central part of the de-
vice for placement on a forehead of the person, preferably in
one hecusing 103.

In an exemplary embodiment of the device the elec-
trodes (first, and optionally second, third and fourth) have
each independently an attachment surface area of 20-50 mm?,
preferakbly 30-40 mmz, such as 35 mm®. Good results are obtained
with said electrodes.

In an exemplary embodiment of the device the at least
cne sensor for electrically detecting REM-sleep is an EEG sen-
sor.

In a second aspect the present invention relates to a

method, which is a non-medical method, of inducing lucid dream-
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ing, comprising the steps of:

determining presence cr absence of REM sleep, and if REM sleep
is present, during a period of time providing transcranial al-
ternating current stimulation (TACS) pulses with a frequency of
5-70 Hz, an impedance of 1-100 kQ, and an amplitude of 1-10000
uA/cm?. With the term “non-medical” a treatment of the human
body, such as by surgery or therapy, as well as diagnostics
methods practiced on the human body are excluded; however use
of the present method for e.g. recreational purpose, for fun,
for the benefit of a human, such as mental benefit, are includ-
ed. In other words if REM sleep is detected a TACS stimulus is
applied. The stimulus induces lucid dreaming. In most cases it
has been found that 1f the TACS stimulus is completed (after

the above period of time) the lucid dreaming remains as it is.
In most cases 1t has been found sufficient to apply the TACS
stimulus for a period of time being shorter than the length of
a lucid dream. It has been fcund that in most cases no further
TACS stimulus needs to be applied until an end ¢f a lucid
dream. In such cases TACS could be applied again after the lu-
cid dream. In some cases, on the other hand, it has been found
that TACS can be applied more than once during REM sleep, such
as 2-10 times.

In an example of the present method REM sleep is de-
termined using the present device. In an alternative, or in
combination, REM sleep may be determined by a further device,
being in (wireless) contact with a TACS device, the device be-
ing e.g. a heart rhythm monitor, a muscle tension monitor, and
the like, which may be capable of detecting characteristics
that can be attributed to REM sleep in a reliable fashion.

In an example of the present method TACS is applied
for a predetermined duration of time of 1 sec—-60 min, prefera-
bly 30 sec-30 min, more preferably 1 min-10 min, such as 2 min-
5 min. It has been found that not tooc long periods of applying
TACs are sufficient to induce lucid dreaming.

In an example c¢f the present method TACS is applied
directly after determining presence of REM sleep, i.e. within a
few minutes time after detectiocn, typically within 30 seconds.
Therewith a more reliable manner of inducing lucid dreaming is

given.
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In an example of the present method TACS is applied
after determining onset of REM sleep with a predetermined delay
of 0.01 sec-30 min, such as 1 sec-5 min. For some persons a de-
lay is found to provide better results.

In an example of the present method TACS is applied
with a predetermined constant amplitude of 1-10000 pA/cm®. The
amplitude 1is preferably high encugh to induce lucid dreaming,
and low encugh to prevent burning or unpleasant sensations on
the skin.

In an example of the present method TACS is applied
with a varying amplitude of between 1-10000 pA/cm®, such as 10-
100 pA/cm?, e.g. 18, 20, 40 or 60 piA/cm®. The amplitude may vary
once, a few times, a number cf times, or constantly. The ampli-
tude may vary with a ratio relative to the applied amplitude,
such as *10-50% (e.g. 2042 to 20412 pA/cm®), or with an absolute
amount, such as *#10-40 pA/cm’. The varying amplitude is found to
stimulate dreams even {slightly) better.

In an example of the present method TACS is applied
with intermittent bursts of a predetermined duration of 2 msec-
1 sec, preferably 10 msec - 0.5 sec, such as 100 msec-125 msec,
and with a predetermined interval of 2 msec- 1 sec, preferably
10 msec - 0.5 sec, such as 100 msec- 125 msec. So at one hand a
specific frequency for stimulation is chosen, e.g. 40 Hz. The
stimulation is applied during a pericd of time, such as one mi-
nute. Within that one minute a burst of a certain duration of
e.g. 125 mseconds is followed by a pause of also 125 mseconds,
and such is continued for the period of time. It has been found
that this intermittent mode of operation provides better re-
sults for some persons, and/cr more intense lucid dreaming.

In an example of the present method the total number
of TACS periods per sleeping period of approximately eight
hours is limited to & predetermined number, preferably 1-30,
more preferably 2-20, such as 3-10.

In an example of the present method through wireless
contact settings are adapted, such as a frequency, impedance,
amplitude, duration of time, moment of application of TACS, de-
lay, constant amplitude, varying amplitude, duration of bursts,
and number of TACS periods, and/or wherein statistical data is

gathered. Wireless contact can be established using varies pro-
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tocols, such as bluetooth. Contact may be established to a fur-
ther device, such as a mobile phone. Adaptation can be per-
formed on said further device.

The one or more of the above examples and embodiments
may be combined, falling within the scope of the invention.

The invention is further detailed by the accompanying
figures, which are exemplary and explanatory of nature and are
not limiting the scope of the invention. To the person skilled
in the art it may be clear that many variants, being obvious or
not, may be conceivable falling within the scope of protection,
defined by the present claims.

FIGURES

The invention although described in detailed explana-

tory context may be best understood in conjuncticon with the ac-
companying figures. In the figures:

Fig. la,b show a schematic example of the present
device.

Fig. 2 shows a method ¢of inducing lucid dreaming.

Fig. 3 shows a block diagram of an exemplary part of
the present device.

DETAILED DESCRIPTION OF THE FIGURES

In the figures:

100 device

101a first electrode (frontal or mastoid)
101b second electrode (frontal or mastoid)
102 wiring

103 housing

104 status indicator

105 on-off switch

106 ventilation openings

107 adhesive material

108Ba reference electrode

108b ground electrode

201 monitor and record EEG

202,208 REM sleep detection

203 TACS period contreller

204 impedance sensor

205,208 delay generator
206 TACS applicator
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13
207 EEG monitor and recorder
310 power supply
320 control circuitry
321 Storage unit
322 connector
323 centrol unit
324 processor
325 EEG amplifier
326 ‘TACS generator
331-336 electrodes
340 external hardware
341 user interface

The present invention involves a device which monitors EEG ac-

tivity using one or more electrodes attached to the scalp of a
subject. A headband or electrodes surrounded by acdhesive mate-
rial may be used to fixate the electrecde(s) on a specific loca-
tion for the duration of a sleeping period. Fig. la illustrates
an example of a device 100 including first and second elec-
trodes 10la,b surrcunded with adhesive material 107 and hard-
ware in a housing 103 for detecting REM sleep and applying
TACS. It also includes wiring 102 outside of the device in or-
der to connect the electrodes to the hardware. Figure 1b illus-
trates an example of a device including electrodes 10la,b,
electrode wires 102, housing 103, status indicator 104, on-off
switch 105 and openings 106 for ventilation. The electrodes
consist of a gel core which surrocunded by adhesive material
107. The gel core has the purpose of ensuring low impedance be-
tween the electrode and the skin. On the back of the device,
there are two integrated electrodes 108a,b, one ground elec-
trode and one reference electrode. These electrodes further has
the purpose of keeping the device attached to the forehead.
FIG. 2 illustrates an example of a high level deci-
sion model in which the process of detecting REM sleep and sub-
sequently applying TACS is depicted. During sleep, EEG activity
is recorded and monitored 201. REM sleep detection 202 is im-
plemented using some form of spectral decompositicn such as,
but not limited to: band-pass filtering, Fast Fourier Transfor-
mations or wavelet analyses. Algorithms are applied which ex-

tract features from the result cf the spectral deccmposition
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which are capable of differentiating REM sleep from non-REM
sleep. These features are then compared with predetermined
threshold criteria to determine whether the subject is current-
ly in REM sleep or not. During REM sleep, when a total number
of TACS periods is less than a predetermined number cf TACS pe-
ricds within a current period of sleep 203 and the electrode
impedance is less than a predetermined threshold 204, the de-
vice will apply TACS immediately or with a predetermined delay
205. It is found that a low electrode impedance is important
for the application of TACS, since high impedances may cause
unpleasant tingling sensaticns on the skin and in extreme cas-
es, skin burns. Skin burns are unlikely to occur with the cur-
rent intensities used in the preferred embodiment. TACS is ap-
plied within the frequency range of 1-100 Hz, typically at 40
Hz. TACS may be applied with or without a ramp-up time, in
which the current intensity is slowly increasing until it
reaches a predetermined plateau. The current intensity may be
held constant thereafter, but can alsoc fluctuate, according to
predetermined patterns. Alternatively, the TACS may be applied
in intermittent bursts of a predetermined duration and with a
predetermined interval. After the TACS stimulation has been
terminated, EEG activity will again be monitored in order to
determine whether the subject is still in REM sleep or REM
sleep has ended 207,208. When REM sleep has ended, a delay with
a predetermined duration 209 may be implemented before the on-
set of a new REM period can trigger a new TACS period. It is
noted that humans may have about 7 REM sleep periods in an 8-
hour sleeping period. Thus, TACS can alsc occur multiple times
per sleeping pericd. Heowever, a limit may be set as a default
or set by the subject for the total amcunt of TACS periods per
sleeping pericd.

FIG. 3 illustrates hardware components for an example of the
embodiment of the present invention. The hardware components
may include a power supply 310, for example an alkaline bat-
tery, electrodes 330 (331-336), and control circuitry 320. The
control circuitry consists of a storage unit 321 for storing
for example settings, EEG recordings and event logs, a control
unit 323, an EEG amplifier 325, a (signal) processor 324, a
TACS generator 326 and a connector, for example using Bluetooth
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or USB 322 for connecting to external hardware, such as a PC,

tablet, smartphone, smart watch, c¢r fitness tracker 340 to the
device. Using user interface scftware 341 installed on one of

these external devices, a subject can adjust settings such as

TACS frequency, TACS intensity, REM detection thresholds, et-

cetera.

The figures have been further detailed thrcoughout
the description.
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CLAIMS

1. Wearable device (100) for inducing lucid dreaming
comprising
a fixing means (107) for fixing the device to a person’s head,
an electrical pulse generator (326) for providing during REM
sleep Transcranial Alternating Current Stimulation (TACS) puls-
es with a frequency of 5-70 Hz, an impedance of 1-100 k€, and
an amplitude of 1-10000 pA/cm?,
at least one pair of first electrocdes (10la,b), the first slec-~
trodes of a pair spaced apart, for providing electrical TACS

pulses preferably to the frontal brain area,

at least one sensor (201) for electrically detecting REM-sleep
and providing a signal, such as an electrode,

a processor (324} for processing the signal and determining
presence or absence of REM sleep,

and

a controller (320), for controlling TACS pulses,

the first electrodes, electrical pulse generator and controller
being in electrical contact (102) with one and another.

2. Device according toc claim 1, further comprising a
REM signal spectral decomposer (325).

3. Device according to any of the preceding claims,
further comprising at least one second electrode (10la,b),
preferably at least two second electrodes, wherein the at least
one second electrode is placed at a distance arranged to be at-
tached to a person’s head behind the person’s ear such as on
the mastoids.

4. Device according to any of the preceding claims,
further comprising at least one of an amplifier (325), a con-
trol unit (323), a storage unit (321), a connector {(322), a
power supply (310), a memory, a transceiver, an on-off switch
(105}, a status indicator (104), ventilation openings (106},
and software stcred on the memory.

5. Device according to any of the preceding claims,
further comprising at least one third electrode (108a) for de-
tecting a reference signal.

6. Device according to any of the preceding claims,
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further comprising at least one fourth electrode (108b} or con-
nector for grounding the device.

7. Device according to any of the preceding claims,
wherein at least one of the electrical pulse generator, the
processor, the controller, the sensor, an amplifier (325), a
control unit (323), a storage unit (321), & ccnnector (322), a
power supply (310), a memory, a transceiver, an on-off switch
(105), a status indicator (1C4), ventilation openings (106},
and software stored on the memory, are provided in a central
part of the device for placement on a forehead of the person,
preferably in cne housing (103).

8. Device according to any of the preceding claims,

wherein the fixing means is selected from one or more of an

electrode with adhesive material (107), a strap, a belt, and an
elastic band, and an adhesive material, wherein the fixing
means 1is preferably size adjustable.

9. Device according to any of the preceding claims,
wherein the electrodes have an attachment surface area of 20-50
mm?, preferably 30-40 mm?, such as 35 mm?.

10. Device according to any of the preceding claims,
wherein the at least cne sensor for electrically detecting REM-
sleep is an EEG sensor.

11. Non-medical methcd cof inducing lucid dreaming,
comprising the steps of:

determining presence or absence of REM sleep, and

if REM sleep is present, during a period of time
providing at least once Transcranial Alternating Current Stimu-
lation (TACS) pulses with a frequency of 5-70 Hz, an impedance
of 1-100 kQ, and an amplitude of 1-10000 pA/cm?.

12. Method according to claim 11, wherein presence or
absence of REM sleep is determined using the device (100} of
any of claims 1-10.

13. Method according to any of claims 11-12, wherein
TACS is applied for a predetermined duration of time of 1 sec =~
2 hours.

14. Method according te any of claims 11-13, wherein
TACS is applied directly after determining presence of REM
sleep.

15. Method according tc any of claims 11-14, wherein



10

15

20

WO 2016/209078 18 PCT/NL2016/050448

TACS is applied after determining onset of REM sleep with a
predetermined delay of 0.01 sec-30 min.

16. Method according to any of claims 11-15, wherein
TACS is applied with a predetermined constant amplitude of 1-
10000 pA/cm?.

17. Method according to any of claims 11-16, wherein
TACS is applied with a varying amplitude of between 1-10000
pA/cm?.

18. Method according to any of claims 11-17, wherein
TACS is applied with intermittent bursts of a predetermined du-
ration of 2 msec-1 sec and with a predetermined interval of 2
msec- 1 sec.

19. Method according to any of claims 11-18, wherein a
total number of TACS periods is limited to a predetermined num-
ber.

20. Method accerding to any of claims 11-19, wherxein
through wireless contact settings are adapted, such as a fre-
quency, impedance, amplitude, duration of time, moment of ap-
plication of TACS, delay, constant amplitude, varying ampli-
tude, duraticn of bursts, and number of TACS periods, and/or
wherein statistical data is gathered.
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