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adaptive breath pacing comprising the steps of determin-
ing a breathing pattern of a user in a first step, synchro-
nizing an artificial breathing pattern to the determined
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Method and system for adaptive breath pacing

breathing pattern in a second step, feedback the artificial
breathing pattern to the user in a third step, modulating
the synchronized artificial breathing pattern in a fourth
step and feedback the modified breathing pattern to the
user in a fifth step.
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to the field of
adaptive breath pacing for inducing a subject to fall
asleep or to relax.

BACKGROUND OF THE INVENTION

[0002] Breathing is one of the few bodily functions
which, within limits, can be controlled both consciously
and unconsciously. Itis wellknown, that correct breathing
contributes to health and feelings of well-being, whereby
the correct breathing could be influenced by feedback
the breathing pattern to the breathing person.

[0003] For example, the PCT patent application WO
2007 / 105 127 A1 proposes a system for inducing a
subject to fall to sleep, comprising a light pattern gener-
ator for generating a time varying light pattern in view of
the subject and a breathing rate measuring unit for meas-
uring a breathing frequency of the subject. In addition,
the system comprises a control unit connected to the
breathing rate measuring unit and the light pattern gen-
erator, for controlling the light pattern generator, such
that the generated light pattern has a pattern frequency
substantially between the measured breathing frequency
and a pre-selected desired frequency.

[0004] Moreover, the PCT patentapplication WO 2005
/ 089 856 Al discloses a methods and devices for iden-
tifying a user's Respiratory Sinus Arrhythmia (RSA)
waves during respiration and providing the user with near
real-time Respiratory Sinus Arrhythmia (RSA) wave in-
formation. This information can be used in biofeedback
settings to assist users in reducing levels of stress by
achieving rhythmic breathing patterns.

SUMMARY OF THE INVENTION

[0005] Itis an object of the present invention to provide
a method for adaptive breath pacing which is more ef-
fective compared to the prior art and which is highly
adaptable to arbitrary breathing patterns and influences
the breathing of the user in a very comfortable and sug-
gestive manner without forcing the user’s breathing into
a fixed and predetermined pattern.

[0006] The above mentioned object is accomplished
by a method for adaptive breath pacing comprising the
steps of determining a breathing pattern of a user in a
first step, synchronizing an artificial breathing pattern to
the determined breathing pattern in a second step, feed-
back the artificial breathing pattern to the user in a third
step, modulating the synchronized artificial breathing
patternin a fourth step and feedback the modified breath-
ing pattern to the user in a fifth step.

[0007] According to the present invention, it is thereby
advantageously possible that initially the artificial breath-
ing pattern is synchronized to the detected breathing pat-

10

15

20

25

30

35

40

45

50

55

tern and only afterwards the artificial breathing pattern is
modulated for slowing down the user’s breathing fre-
quency. In other words, the manipulation of the user’s
breathing characteristics starts not until the actual breath-
ing pattern of the user is substantially imitated by the
synchronized artificial breathing pattern for atleast a cer-
tain time period. Consequently, inthe third step the user’s
breathing pattern becomes more regular before the us-
er’s breathing pattern is slowing down in the fifth step.
As aresult, it is significantly easier for the user to engage
oneself with the artificial breathing pattern and the effect
ofinducing the user to fall asleep or to relax is much more
effective. Subsequently, the pacing is done without the
subject really noticing or having to force into a fixed or
predetermined breathing pattern. In fact, there is a slow
transition from observing the user’s breathing behavior
to actively manipulating the user’s breathing behavior.
The feedback of the artificial breathing pattern comprises
preferably visual, tactile and/or audible signals provided
to the user. The determined breathing pattern of the user
is preferably derived from the Respiratory Sinus Arrhyth-
mia (RSA) wave of the user and is much preferred de-
termined by the aid of a heart rate detector, an Electro-
cardiograph (ECG), an Electroencephalograph (EEG), a
Photoplethysmograph (PPG), a force sensor, a pressure
sensor, a strain gauge or the like.

[0008] Ina preferred embodiment ofthe presentinven-
tion a first phase of the breathing pattern is determined
in the first step and a second phase of the artificial breath-
ing pattern is synchronized to the first phase in the second
step. Beneficially, almost a real-time synchronization be-
tween the artificial breathing pattern and the determined
breathing pattern is provided, because a whole meas-
urement of the first frequency of the determined breathing
pattern is not necessary.

[0009] Preferably, the third step is performed for a cer-
tain time period and/or until the first phase and the second
phase are substantially synchronous to each other over
a certain time period and/or the first, the second and the
third step are repeated several times, for a certain time
period and/or until the first phase and the second phase
are substantially synchronous over a certain time period.
Consequently, a successful synchronization between the
breathing pattern and the artificial breathing pattern is
assured. Furthermore, the user is capable of slowly get-
ting accustomed to the feedback by the artificial breathing
pattern before the breathing pattern of the user is mod-
ulated in the fifth step.

[0010] Preferably, the synchronized artificial breathing
pattern is modulated by reducing the frequency of the
synchronized artificial breathing pattern compared to the
primal frequency of the determined breathing pattern in
the fourth step. The user’s breathing characteristics gets
influenced by the artificial breathing pattern in such a
manner that also the frequency of the breathing pattern
of the users slows down and follows the frequency of the
modulated artificial breathing pattern. Particularly, the
frequency is lowered smoothly or in steps to a certain
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target frequency in such a manner that the user begins
to settle down, to relax, to reduce stress and/or to fall
asleep. It shall be understood that in the meantime the
modulated artificial breathing pattern is provided to the
user. Preferably, the user is able to choose a certain tar-
get frequency via a user interface and/or the target fre-
quency is derived automatically from personal informa-
tion ofthe user, like gender, age, weight, height or the like.
[0011] Inanother preferred embodiment of the present
invention a phase shift between the first phase of the
breathing pattern and the second phase of the modified
artificial breathing pattern is determined in a sixth step
and wherein the fourth, the fifth and the sixth steps are
repeated sequentially or in parallel in such a manner, that
in the fourth step the modification of the artificial breathing
pattern is performed in dependency of the phase shift
determined in the sixth step. If the reduction of the fre-
quency of the artificial breathing pattern will be too fast,
a phase shift or respectively a rising phase shift between
the first phase of the actual breathing pattern and the
second phase of the modulated artificial breathing could
arise which lowers the effectiveness of the breath pacing
procedure. In order to avoid this, the phase shift between
the actual breathing pattern of the user and the modulat-
ed breathing pattern is supervised all along, during the
artificial breathing pattern gets modulated.

[0012] Preferably, the artificial breathing pattern is
modulated in the fourth step in such a manner, that the
phase shift between the first and the second phase which
is determined in the sixth step remains substantially con-
stant and/or below a certain threshold. Advantageously,
the user’s breathing behavior remains in time with the
modulated artificial breathing patterns and consequently
the manipulation of the user’s breathing pattern based
on the feedback of the modulated artificial breathing pat-
tern to the user is comparatively effective.

[0013] Another object of the presentinventioniis a sys-
tem for adaptive breath pacing comprising a sensor unit
for determining a breathing pattern of a user, a control
unit for providing an artificial breathing pattern, a syn-
chronizer unit for synchronizing the artificial breathing
patterntothe determined breathing pattern, an modulator
unit for modulating the artificial breathing pattern and an
output unit for feedback the artificial breathing pattern to
the user. Advantageously, the system is capable of syn-
chronizing the artificial breathing pattern to the deter-
mined breathing pattern before the artificial breathing
pattern is modulated for manipulating the user’s breath-
ing behavior.

[0014] Preferably, the system comprises a timer unit
for initiating the modulation of the synchronized artificial
breathing pattern as soon as the synchronized artificial
breathing pattern has been provided to the user for a
certain time period. The output unit comprises a loud-
speaker, a light source, a vibrating device, for instance,
wherein the sensor unit preferably comprises a heart rate
sensor, an Electrocardiograph, an Electroencephalo-
graph, a Photoplethysmograph, a force sensor, a pres-
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sure sensor, a strain gauge, or the like.

[0015] These and other characteristics, features and
advantages of the present invention will become appar-
ent from the following detailed description, taken in con-
junction with the accompanying drawing, which illus-
trates, by way of example, the principles of the invention.
The description is given for the sake of example only,
without limiting the scope of the invention. The reference
figures quoted below refer to the attached drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

Figure 1  shows a system for adaptive breath pacing
according to an exemplary embodiment of
the present invention;

Figure 2  shows a breathing pattern of a user and an

artificial breathing pattern provided by a
method according to an exemplary embodi-
ment of the present invention;

DETAILED DESCRIPTION OF EMBODIMENTS

[0017] The presentinvention will be described with re-
spect to particular embodiments and with reference to a
certain drawing but the invention is not limited thereto
but only by the claims. The drawing described is only
schematic and is non-limiting. In the drawing, the size of
some of the elements may be exaggerated and notdrawn
on scale for illustrative purposes.

[0018] Where an indefinite or definite article is used
when referring to a singular noun, e.g. "a", "an", "the",
this includes a plural of that noun unless something else
is specifically stated. Furthermore, the terms first, sec-
ond, third and the like in the description and in the claims
are used for distinguishing between similar elements and
not necessarily for describing a sequential or chronolog-
ical order. It is to be understood that the terms so used
are interchangeable under appropriate circumstances
and that the embodiments of the invention described
herein are capable of operation in other sequences than
described or illustrated herein. Moreover, the terms top,
bottom, over, under and the like in the description and
the claims are used for descriptive purposes and not nec-
essarily for describing relative positions. It is to be un-
derstood that the terms so used are interchangeable un-
der appropriate circumstances and that the embodi-
ments of the invention described herein are capable of
operation in other orientations than described or illustrat-
ed herein. It is to be noticed that the term "comprising”,
used in the present description and claims, should not
be interpreted as being restricted to the means listed
thereafter; it does not exclude other elements or steps.
Thus, the scope of the expression "a device comprising
means A and B" should not be limited to devices consist-
ing only of components A and B. It means that with re-
spect to the present invention, the only relevant compo-
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nents of the device are A and B.

[0019] Figure 1 shows a system 1 for adaptive breath
pacing according to an exemplary embodiment of the
present invention comprising a sensor unit 2, a control
unit 3 and an output unit 6. The sensor unit 2 comprises
e.g. an electrocardiograph (ECG) for determining a
breathing pattern 10 of a user 11, wherein the Respiratory
Sinus Arrhythmia (RSA) waveform of the breathing pat-
tern 10 is derived. The control unit 3 provides a corre-
sponding artificial breathing pattern 20 which is provided
to the user 11 via the output unit 6. The output unit 6
comprises e.g. a loudspeaker which plays back a faked
breathing sound with the parameters of the artificial
breathing pattern 20 as a biofeedback to the user 11.
The artificial breathing pattern 20 is furthermore feed
back to a synchronizer 4 which is a part of the control
unit 3. The synchronizer 4 determines a phase shift be-
tween a first phase of the determined breathing pattern
10 and a second phase of the artificial breathing pattern
20. Subsequently, the synchronizer 4 synchronizes the
artificial breathing pattern 20 to the determined breathing
pattern 10, so that the user 11 gets a feedback with the
synchronized artificial breathing pattern 20, 20’ which is
in time with his personal breathing behavior. The feed-
back subtly influences the user 11 to engage his breath-
ing behavior to the synchronized artificial breathing pat-
tern 20 and consequently to breathe more regular. After
a certain time period 21, a modulator unit 5 which is a
part of the control unit 3 modulates the synchronized ar-
tificial breathing pattern 20, 20’ by slowly and evenly re-
ducing the frequency of the artificial breathing pattern 20,
20’ to a certain target frequency. The modulated artificial
breathing pattern 20, 20" slowly lowering its frequency is
permanently provided to the user 11. As a result, the
user’s breathing behavior is manipulated in such a man-
ner, that the user 11 similarly reduces the frequency of
his breathing pattern 10 in the same way.

[0020] Consequently, the user 11 relaxes and falling
asleep of the user 11 is at least assisted. During the mod-
ulation of the frequency of the modulated artificial breath-
ing pattern 20, 20" the sensor unit 2 and the control unit
3 preferably supervises the phase shift between the
breathing pattern 10 and the modulated breathing pattern
20, 20" to assure that the breathing pattern 10 and the
modulated breathing pattern 20, 20" remains in phase.

[0021] Figure 2 shows a breathing pattern 10 of a user
11 and an artificial breathing pattern 20 provided by a
method according to an exemplary embodiment of the
present invention. Each of the determined breathing pat-
tern 10 and the artificial breathing pattern 20 comprises
a harmonic Respiratory Sinus Arrhythmia (RSA) wave,
whose amplitude 43 is plotted against time 44. In Figure
2 three different time periods 40, 41, 42 are illustrated.
In the first time period 40 the initial breathing pattern 10
of the user 11 is determined and analyzed. Furthermore,
the artificial breathing pattern 20 has just been provided,
wherein the artificial breathing pattern 20 is synchronized
to the determined breathing pattern 10 in such a manner,
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that the artificial breathing pattern 20 is in phase with the
determined breathing pattern 10 at least at the end of the
first time period 40. Subsequently, the synchronized ar-
tificial breathing pattern 20, 20’ is provided to the user 11
during the whole second time period 41. As a result, the
user is capable of engaging himself with the artificial
breathing pattern 20. In the third time period 42, the fre-
quency of the artificial breathing pattern 20 is slowly re-
duced with time in such a manner that the modulated
artificial breathing pattern 20, 20" remains in phase with
the determined breathing pattern 10. Consequently, low-
ering the frequency of the modulated artificial breathing
pattern 20, 20" manipulates the user’s breathing behav-
ior, so that the user 11 similarly reduces the frequency
of his breathing pattern 10. A suchlike manipulated
breathing behavior of the user 11 causes the user 11 to
relax and to fall asleep more easily. Preferably, the phase
shift between the breathing pattern 10 and the modulated
breathing pattern 20" is supervised in the third time pe-
riod 42 to assure that the breathing pattern 10 and the
modulated breathing pattern 20, 20" remains in phase.

Claims

1. Method for adaptive breath pacing comprising the
steps of determining a breathing pattern (10) of a
user (11) in a first step, synchronizing an artificial
breathing pattern (20) to the determined breathing
pattern (10) in a second step, feedback the artificial
breathing pattern (10) to the user (11) in a third step,
modulating the synchronized artificial breathing pat-
tern (20, 20’) in a fourth step and feedback the mod-
ified breathing pattern (20, 20") to the user (11) in a
fifth step.

2. A method according to claim 1, wherein in the first
step a first phase of the breathing pattern (10) is de-
termined and wherein in the second step a second
phase of the artificial breathing pattern (20) is syn-
chronized to the first phase.

3. Method according to one of the preceding claims,
wherein the third step is performed for a certain time
period (21) and/or until the first phase and the second
phase are substantially synchronous to each other
over a certain time period (21).

4. Method according to one of the preceding claims,
wherein the first, the second and the third step are
repeated several times, for a certain time period (21)
and/or until the first phase and the second phase are
substantially synchronous over a certain time period
(21).

5. Method according to one of the preceding claims,
wherein in the fourth step the synchronized artificial
breathing pattern (20, 20’) is modulated by reducing
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the frequency of the synchronized artificial breathing
pattern (20, 20’) compared to the primal frequency
of the determined breathing pattern (10).

Method according to claim 5, wherein the fourth and
the fifth steps are repeated sequentially orin parallel
in such a manner, that the frequency of the modu-
lated artificial breathing pattern (20, 20") is reduced
smoothly or in steps to a certain target frequency.

Method according to one of the preceding claims,
wherein in a sixth step a phase shift between the first
phase of the breathing pattern (10) and the second
phase of the modified artificial breathing pattern (20,
20") is determined and wherein the fourth, the fifth
and the sixth steps are repeated sequentially or in
parallel in such a manner, that in the fourth step the
modification of the artificial breathing pattern (20) is
performed in dependency of the phase shift deter-
mined in the sixth step.

Method according to claim 7, wherein in the fourth
step the modulated artificial breathing pattern (20)
is modulated in such a manner, that the phase shift
between the first and the second phase determined
in the sixth step remains substantially constant
and/or below a certain threshold.

Method according to one of the preceding claims,
wherein the feedback of the artificial breathing pat-
tern (20) comprises visual, tactile and/or audible sig-
nals provided to the user (11).

Method according to one of the preceding claims,
wherein in the first step the Respiratory Sinus Ar-
rhythmia (RSA) wave of the user (11) is determined.

Method according to one of the preceding claims,
wherein in the first step the breathing pattern (10) is
determined by the aid of a heart rate detector, an
Electrocardiograph (ECG), an Electroencephalo-
graph (EEG), a Photoplethysmograph (PPG), a
force sensor, a pressure sensor, a strain gauge, or
the like.

System (1) for adaptive breath pacing by performing
a method according to one of preceding claims com-
prising a sensor unit (2) for determining a breathing
pattern (10) of a user (11), a control unit (3) for pro-
viding an artificial breathing pattern (20), a synchro-
nizer unit (4) for synchronizing the artificial breathing
pattern (20) to the determined breathing pattern (10),
an modulator unit (5) for modulating the artificial
breathing pattern (20) and an output unit (6) for feed-
back the artificial breathing pattern (20) to the user

(11).

System according to claim 12, wherein the system
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14.

15.

comprises a timer unit for initiating the modulation
of the synchronized artificial breathing pattern (20’)
as soon as the synchronized artificial breathing pat-
tern (20’) has been provided to the user (11) for a
certain time period (21).

System according to one of the claims 12 or 13,
wherein the output unit (6) comprises a loudspeaker,
a light source, a vibrating device or the like.

System according one of the claims 12to 14, wherein
the sensor unit (2) comprises a heart rate sensor, an
Electrocardiograph (ECG), an Electroencephalo-
graph (EEG), a Photoplethysmograph (PPG), a
force sensor, a pressure sensor, a strain gauge, or
the like.
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