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(57) ABSTRACT

To provide a breath pacing system and a corresponding
method for pacing the respiratory activity of a subject that
provide the possibility to adapt the output signal to the
respiration characteristics of the subject automatically and
effectively a breath pacing system (10) for pacing the
respiratory activity of a subject and a respective method is
proposed, comprising: an input unit (14) for generating or
determining an input signal related to a respiration charac-
teristic of a subject, a signal analyzing unit (16) provided to
recognize a signal pattern within the input signal, and an
output unit (12) for outputting output signals corresponding
to a desired breathing sequence, wherein said output unit
(12) is provided to be activated, upon a starting signal, to
output a sequence of output signals comprising a signal
pattern related to a previously recognized signal pattern.
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BREATH PACING SYSTEM AND METHOD
FOR PACING THE RESPIRATORY
ACTIVITY OF A SUBJECT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation under 35 U.S.C.
§120 of U.S. patent application Ser. No. 13/884,010, filed
May 85, 2013, which claims the benefit of European Patent
Application No. EP10192288.8, filed Nov. 23, 2010, the
contents of which are incorporated herein by reference.

FIELD OF THE INVENTION

[0002] The invention relates to the field of pacing the
respiratory activity of a subject, especially to a breath pacing
system and a corresponding method for pacing the respira-
tory activity of a subject.

BACKGROUND OF THE INVENTION

[0003] A slow and regular breathing activity is considered
to be beneficial for relaxation. To support the breathing
process, several different breath pacing devices are known to
provide output signals that correspond to a desired regular
breathing rhythm and can easily be perceived by a user.
[0004] US-20070114206 discloses a breath pacing device
comprising respiration sensors for producing a breath con-
dition signal that is displayed to a user as a feedback to his
actual respiration. On the reception of this signal, the user
can adapt his respiration practice for learning purposes. In
this case the sensors are integrated into an article of clothing
like a shirt, for example. This system is not suitable where
relaxation is desired.

[0005] A pacing signal can also be, for example, a light
that changes its intensity, color or shape periodically accord-
ing to the desired respiration cycles. In one possible appli-
cation, breath pacers can be used in bed by a person to
reduce sleep onset latency. These breath pacers project a
light spot of slowly varying size on the ceiling of the
bedroom. A further example for a pacing signal is an audio
or video signal.

[0006] One problem related to the operation and control of
such devices lies in the necessity to find a suitable operation
mode at the beginning of a pacing sequence or, in other
words, a “starting point” at which the system begins to
operate. The system works most efficient when the output
signal is adapted to the present respiration characteristics of
the user. This stands especially for the respiration rate, i.e.,
the frequency of the respiration cycle, and other time char-
acteristics within each respiration cycle (e.g. inhalation time,
exhalation time, pause times) but also for the amplitude. An
output signal synchronized to the present user’s breathing
frequency helps the user to adapt to the pacing rhythm of the
apparatus. However, at present there is no eflicient and
practical way to adapt the output signal to the user’s respi-
ration rate automatically.

SUMMARY OF THE INVENTION

[0007] It is therefore an object of the present invention to
provide a breath pacing system and a corresponding method
for pacing the respiratory activity of a subject that provide
the possibility to adapt the output signal to the respiration
characteristics of the subject automatically and effectively.
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[0008] This object is achieved by a breath pacing system
according to claim 1, as well as by a corresponding method
according to claim 15.

[0009] In the breath pacing system according to the pres-
ent invention, an input unit is used to generate or to
determine an input signal that is related to the respiration
activity of the user. Such an input unit can be represented by
a sensor that monitors the respiration activity directly or by
a user interface to receive signals that correspond to the
respiration. The input signal is analyzed by a signal analyz-
ing unit with regard to a signal pattern comprised within the
input signal. Upon a starting signal, the output unit is
activated to output a sequence of output signals that com-
prise a signal pattern related to a signal pattern that has been
previously recognized.

[0010] When the breath pacing system is used, the output
unit may first be inactive so that it does not generate output
signals. Only the input unit, like a suitable sensor, is active
to generate input signals corresponding to the respiration
activity of the user. According to this activity, the input
signal is generated and analyzed. In the moment when the
starting signal is generated, the output unit is switched
automatically into its active mode and begins to output a
sequence of output signals that have a structure related to
one that has already been recognized. Thus it is possible to
synchronize the output signals with the “breathing rhythm”
represented by the input signal. An important characteristic
of the signal pattern is, for example, the actuation frequency
or amplitude or the inhale to exhale ratio that can be adapted
to the present breathing rhythm when beginning to output an
output signal. However, other characteristics can be
acknowledged in this context.

[0011] There are several ways to generate the starting
signal, depending on an active input by the subject, for
example, by means of a user interface that is also used as the
above mentioned input unit to generate the input signal itself
or an additional user interface, or on the recognition of a
signal pattern in a monitoring process or in a previous
operation period, as will be explained in more detail in the
following.

[0012] It is noted that the signal pattern of the output
signal does not necessarily have to be constantly adapted to
the signal pattern recognized within the input signal. It is
rather sufficient to adapt the signal pattern at the beginning
of the sequence of output signals and to change the signal
pattern of the output signals during a sequence according to
a predetermined pattern to correspond to a desired breathing
sequence. In other words, the adaption of the structure of the
output signal may only take place at the beginning of the
sequence, while the output signal may be independent from
the present respiration activity of the subject in the further
course of the sequence.

[0013] According to a preferred embodiment of the pres-
ent invention, the output unit is provided as a tactile output
unit for outputting tactile output signals. This embodiment
provides the advantage that the generated output signals are
haptically perceivable, and the system works even in a dark
environment and can be used without disturbing other
persons.

[0014] According to another preferred embodiment of the
present invention, the input unit is integrated into the output
unit. This leads to a compact and user-friendly design of the
whole apparatus. However, the input unit may be arranged
externally to the output unit and may be also placed outside
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a device comprising the output unit. In case of an external
input unit, the signal derived from the input unit is commu-
nicated to the signal analyzing unit.

[0015] According to a preferred embodiment, the input
unit is represented by a user interface for receiving a user
input for adjusting a characteristic of the sequence of output
signals. In this case the user can input a signal that directly
represents his present respiration characteristic, for example,
by executing a petiodic movement (e.g. pressing and releas-
ing) that mimics his present (or a desired) respiration
activity, or he directly presets certain characteristics of the
output signals. Such characteristics can be related to, inter
alia, the identity of the subject, her/his age, gender, or
physiological conditions, etc.

[0016] According to possible embodiments of the present
invention, the input unit is represented by; inter alia, a mouse
wheel, a keyboard, at least one button, a touch screen or a
touch pad. For example, a signal characteristic can be
adjusted by scrolling the wheel. Pressing the wheel may
have another function, for example, generating the starting
signal to output a sequence of output signals. The input unit
can also be used to turn off the apparatus.

[0017] According to another embodiment, a squeeze sen-
sor or pressure switch can be triggered by the user at the start
of inhalation and/or exhalation, to align with the user’s own
respiration rate and/or inhalation and exhalation times.

[0018] According to another embodiment, the input signal
is provided to be generated by a sensor for sensing a
characteristic of the subject. By such a sensor the respiration
activity of the subject can directly be monitored without any
necessity of an input by the user.

[0019] It is noted that the above mentioned embodiments
of the input unit as a user interface and a sensor do not
necessarily exclude each other, i.e. it is possible to combine
both functions in one input unit. Thus it is possible to
produce an output signal that is based partially on a user
input and to another part on a measurement of the respiration
behavior of the subject. For example, one characteristic of
the output signals can be pre-set by the user, while this (or
another) characteristic is modified in the further progress of
the sequence on the basis of the measurement results
obtained by means of the sensor.

[0020] Preferably the starting signal is provided to be
generated upon the recognition of a respiration signal pattern
gained within at least one monitoring phase for monitoring
the respiration activity of the subject. Such a monitoring
phase can be, for example, a calibration phase preceding the
activation of the output unit. In this calibration phase, the
subject’s respiration activity is monitored to derive a pattern
from it. When a pattern has been identified, the output umt
can begin to generate output signals with a corresponding
pattern, e.g. with a frequency synchronized to the monitored
frequency or having a certain relation to it. Another example
for a monitoring phase is a foregoing operation period of the
system wherein respiration data are acquired. These data can
also be used to choose a desired starting frequency for the
pacing process.

[0021] According to another preferred embodiment, the
length of the monitoring phase is controlled depending on
the progress of the respiration activity of the subject within
the monitoring phase. For example, the length of a calibra-
tion phase can depend on the slope of the monitored respi-
ration activity.
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[0022] According to still another embodiment of the pres-
ent invention, the sequence of output signals starts with a
signal pattern related to a signal pattern gained within a
previous monitoring phase.

[0023] Preferably the sequence of output signals starts
with a frequency, an inhale to exhale ratio and/or amplitude
related to a frequency, or an inhale to exhale ratio and/or
amplitude contained in a signal pattern acquired from a
previous monitoring phase. For example, a certain inhale to
exhale ratio is contained in a signal pattern of a previous
monitoring phase, and the sequence of output signals starts
with an inhale to exhale ratio that stands in a distinct relation
to it.

[0024] More preferably the further progress of the
sequence of output signals is determined on the basis of
signal patterns gained within previous monitoring phases.
[0025] According to another embodiment, the sequence of
output signals comprises a slow down phase in which the
frequency of the output signal is decreased.

[0026] More preferably the amplitude of the output signal
is increased in the slow down phase. It is further possible to
decrease its frequency at the same time.

[0027] According to still another embodiment of the pres-
ent invention, the sequence of output signals comprises a
fade out phase in which the amplitude of the output signal
is decreased. During this phase the pacing frequency can be
maintained.

[0028] The invention is further related to a method for
pacing the respiratory activity of a subject, comprising:
generating or determining an input signal related to a
respiration characteristic of a subject; analyzing the input
signal to recognize a signal pattern, and upon a starting
signal, initiating an output of a sequence of output signals
comprising a signal pattern related to a previously recog-
nized signal pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ments described hereinafter. In the drawings:

[0030] FIG. 1 is a schematic cross section through one
embodiment of a breath pacing system according to the
present invention;

[0031] FIG. 2 is a flow diagram showing schematically
one embodiment of the inventive method for pacing the
respiratory activity of a subject; and

[0032] FIGS. 3 and 4 are diagrams demonstrating the
development of the pacing rate over time according to one
embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0033] The breath pacing system in FIG. 1 is provided as
a tactile breath pacing system 10 comprising a tactile output
unit 12 that determines the outer shape and appearance of the
pacing system 10. As will be further described, all functional
components of the tactile breath pacing system 10 are
integrated into this tactile output unit 12. A tactile breath
pacing system 10 is only one example of a breath pacing
system according to the present invention, and its tactile
output unit 12 may be replaced by any other suitable output
unit for generating output signals that can be perceived by a
subject, for example, by an acoustic output unit or a visual
output unit. The following description will refer to a tactile
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breath pacing system 10 without limiting the scope of the
present invention in this respect.

[0034] In the present example, the tactile output unit 12
may be a cushion, pillow, pad, stuffed toy, mobile phone,
wristband or watch, although it can have different kinds of
shapes and sizes. These examples are not understood as
limiting but the tactile output unit can have any other
suitable size or shape. The respective output unit 12, like a
cushion or pad, is provided to change its size periodically,
especially its thickness, and this change is a tactile output
signal perceivable by a subject that is in close contact with
the tactile output unit 12. The tactile output signals outputted
by the tactile output unit 12 serve to pace the respiratory
activity of the subject. In case of a mobile terminal or watch,
a vibrating function could be used.

[0035] A sensor 14 as an input unit may be integrated into
the tactile output unit 12 to determine a respiration charac-
teristic, especially the respiration rate of the subject. In the
present embodiment, the sensor 14 may be e.g. an airflow
sensor represented by a microphone. Blowing against the
microphone is interpreted as an exhale activity of the
subject, while the time intervals between two blowing
intervals are interpreted as inhale phases. To measure this
airflow, the sensor is placed directly at the surface of the
tactile output unit 12. In case an airflow sensor is used to
detect air flow during exhalation (for instance when blow-
ing) and/or inhalation), this air flow sensor preferably com-
prises a temperature sensing element, for example, a therm-
istor whose resistance varies with temperature. Under
technical aspects the airflow sensor does not necessarily
have to be a microphone but can also be represented by other
types of sensors, for example, by an anemometer or a
temperature sensing element like a thermistor. Temperature
differences in inhaled and exhaled air can be interpreted to
identify the inhale and exhale phases of the respiration
activity. Moreover, one option is to use the sensor to analyze
the chemical composition of the exhaled air and to measure
the percentage of CO, contained therein. This information
can further be used to determine the character of the breath-
ing activity and to adapt the pacing characteristics thereto.
[0036] Alternatively, the airflow sensor used in this
embodiment as the sensor 14 could be replaced by a body
motion sensor to monitor the respiratory activity of the
subject. This embodiment is based on the idea that the
respiratory activity leads to periodic movements of the
subject’s body that can easily be measured by a body motion
sensor. An accelerometer is one example for such a body
motion sensor to determine the respiration rate from chest or
abdomen movements. Compared to an airflow sensor, it
provides the advantage that it can be completely integrated
into the tactile output unit 12 without being accessible from
the outside. When there is no movement measured for a
certain amount of time, this state can be interpreted as a
situation where there is no contact of the subject with the
tactile output unit 12, and the tactile breath pacing system 10
can automatically be turned off. This is also possible in the
embodiment using the airflow sensor, interpreting a lack of
input, i.e. no air flow to be measured for a certain amount of
time by the airflow sensor as a situation in which the tactile
breath pacing system 10 is not used.

[0037] The body motion sensor can also comprise a
motion detector in the form of a drop of current conducting
material that can move between a position where it facili-
tates a current flowing between electrodes and a position
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where no current can flow, such that the current is modulated
by the movement of the drop. As described above, such a
mechanism can be used to shut down the tactile pacing
system 10 or sefting it into a standby mode when no
modulation takes place.

[0038] Another embodiment of the sensor 14 is a photop-
letysmograph (PPG) to analyze a respiratory pattern from a
blood volume pulse signal. In one common embodiment, the
skin of the subject (for example, on a finger or wrist) is
illuminated and the change of light absorption due to the
respiratory activity as measured. The user can operate the
photopletysmograph by placing her/his finger on top of a
window present at the surface of the tactile output unit 12.
[0039] Alternatively and/or additionally an externally
arranged radar sensor could be used for measuring a body’s
motion to derive the input signal related to the respiration
signal. Another embodiment of such a remote body sensor is
a weight or pressure sensor for detecting a mechanical
pressure applied by the subject, corresponding to her/his
respiration activity. Such a sensor may comprise a pressure
sensitive foil.

[0040] It is also possible to use a camera as a sensor for
this purpose.
[0041] Further operation units of the tactile breath pacing

system 10 are a signal analyzing unit 16 and an actuator 18,
both being integrated into the tactile output unit 12. The
signal analyzing unit 16 receives an input signal from the
sensor 14 indicative of the respiration rate of the subject. The
sensor 14 generates this respiration signal according to the
measured respiration rate. The signal analyzing unit 16 is
provided to analyze the input signal and to search for signal
patterns contained within the input signal. Moreover, the
signal analyzing unit 16 is provided to control the actuator
18 according to the result of this analysis, as will be
described in the following. The actuator 18 is provided to
induce a movement of the tactile output unit 12 to output the
tactile output signals. That is, according to the movement of
the actuator 18, the tactile output unit 12 moves, and this
motion is perceivable by the subject. For example, the tactile
output unit 12 can increase or decrease its size or can change
its outer shape. However, other haptically or tactile perceiv-
able changes of the outer or inner appearance of the tactile
output unit 12 can be taken into account. The tactile output
unit 12 can also perform haptically perceivable clicks or
other force actions to give a perceivable signal to the user,
for instance due to rotating motor which might give addi-
tional pacer cue information.

[0042] The tactile breath pacing system 10 may further
comprise a rechargeable power supply (not shown) like a
rechargeable battery or an accumulator. This enables a
wireless operation of the pacing device without any disturb-
ing connections to a mains supply, further improving its user
friendliness.

[0043] The tactile output unit 12 is activated to output a
sequence of tactile output signals when an input signal is
generated. In the present embodiment, this starting signal is
generated by the signal analyzing unit 16 when a signal
pattern has been recognized within the input signal being a
respiration signal. This means that at least one respiration
characteristic, for example, the respiration rate, has been
identified as the input signal. If this is the case, the signal
analyzing unit 16 controls the actuator 18 to initiate a
sequence of tactile output signals that comprises a signal
pattern that is related to the signal pattern that has been
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recognized. For example, these tactile output signals have
the same or a similar frequency or amplitude as the mea-
sured respiration signals. Another possibility is that the
signal pattern of the generated tactile output signals has a
certain relation to the recognized signal pattern. Just to give
one example, the frequency of the tactile output signals may
be somewhat lower than the measured respiration rate. Also,
the ratio between expand and contract time of the actuator
maybe somewhat different than the inhale to exhale ratio
measured by the respiration sensor. The signal analyzing
unit 16 may comprise a computer program to control the
actuator 18 accordingly.

[0044] By generating a sequence of tactile output signals
with a signal pattern that is related to the recognized signal
pattern, it is possible to synchronize the generated tactile
output signals to the present respiration behavior of the user.
In the present embodiment the tactile output unit 12 does not
generate tactile output signals until a signal pattern has been
recognized within the input signal by the signal analyzing
unit 16. Once a pattern has been recognized, the starting
signal is generated for the tactile output unit 12 to begin with
the output of the sequence of tactile output signals. It is also
possible to begin with the generation of tactile output signals
without being influenced by a measurement taken during an
initial monitoring phase and to start the output of the
sequence of tactile output signals according to a recognized
signal pattern from an earlier monitoring phase stored within
the system, upon the starting signal.

[0045] As an additional input unit, a mouse wheel 20 is
provided at the surface of the tactile output unit 12. The
mouse wheel 20 is integrated into the tactile output unit 12
so that it is accessible from the outside. It represents a user
interface to adjust a characteristic of the sequence of tactile
output signals. For example, the user can choose and/or
adjust a respiration frequency or amplitude as an input signal
for the signal analyzing unit 16. One further function of the
mouse wheel 20 could be to generate a starting signal for
initiating the output of tactile output signals when it is
pressed by the user. For example, when the user has finished
the adjusting procedure, she/he presses the mouse wheel 20
to start the pacing. In the same way the user may stop the
output of tactile output signals by pressing the mouse wheel
20 another time.

[0046] A mouse wheel 20 is only one possible embodi-
ment of a user interface and can be replaced by a keyboard,
one or more buttons or switches, a touch screen, a touch pad,
a squeeze sensor or pressure switch or the like. Moreover,
the user interface can be provided to output a status infor-
mation about the tactile breath pacing system. The status
information can be generated by a visual display or an audio
signal of any desired type, e.g. indicating lights, a sound
signal, or a haptic signal like a buzzer. Moreover, a speaker
or a display integrated into or connected to the tactile output
unit 12 can be used to output instructions to the user on how
to use the device.

[0047] It is noted that the mouse wheel 20 may represent
one alternative to the provision of a sensor, that is, a user
interface can replace a sensor as an input unit to generate the
input signal for the signal analyzing unit 16. However, it is
also possible to combine both functions of a user interface
and a sensor in one input unit or to provide different input
units, each generating input signals for the signal analyzing
unit 16. Thus a tactile output signal can be generated that is
based partially on a user input via the user interface and to
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another part on a measurement of the respiration behavior of
the subject. For example, at least one characteristic of the
tactile output signals can be set by the user according to his
identity and/or other personal conditions, like his age. This
characteristic can be used to set the conditions of the tactile
output signals at the start of the pacing process. Measure-
ment results obtained by means of the sensor can be used
during the pacing process to adjust and to modify the
sequence of tactile output signals. The signal analyzing unit
16 can also use previously stored parameters, characteristics
or algorithms to calculate the tactile output signals.

[0048] The flow diagram in FIG. 2 shows one scenario for
a process for generating a pacing signal. In the following
description it is supposed that the input signal is generated
by the sensor 14 only. The respiration activity of the subject
is measured (step 100) by the sensor 14 (as shown in FIG.
1) to generate an input signal indicative of a respiration
characteristic of the subject (such as respiration rate) (step
110). This input signal represents the periodic respiration
activity including inhale and exhale phases. The input signal
is then transmitted to the signal analyzing unit 16 to be
analyzed (step 120). In this analysis, the signal analyzing
unit 16 looks for signal patterns within the input signal.
Once a pattern has been recognized, the starting signal is
generated for the actuator 18, and the tactile output unit 12
is activated (step 130) to begin with the output of a sequence
of tactile output signals. At least at the beginning of this
sequence, the tactile output signals comprise a signal pattern
corresponding to the recognized signal pattern of the input
signal analyzed by the signal analyzing unit 16 in step 120.
[0049] One possibility is to take the inhale to exhale ratio
as a reference for generating the tactile output signals.
Observations have shown that an inhale to exhale ratio
smaller than 1 is beneficial for relaxation. In the case where
a present inhale to exhale ratio of the subject is identified, for
example, to be larger than 1 or equal to 1, the tactile output
unit 12 may output a sequence of tactile output signals
starting with an expand time corresponding to the present
inhale time of the subject, which is found to be natural by
most persons, but with a contract time larger than the exhale
time. Consequently the pacer rate starts with a frequency
lower than the measured respiration frequency. It should be
noted that a contraction of the tactile output unit 12 may not
necessarily be linked to the exhale phase (and consequently,
an expansion of the device be linked to the inhale phase), but
the roles of the contraction and the expansion can also be
reversed.

[0050] As already mentioned, the input signal may be
generated not by a sensor 14 but can also originate from a
user interface as an input unit for adjusting a characteristic
of the sequence of tactile output signals. For example, the
user adjusts a personal respiration characteristic (frequency,
amplitude or the like) by means of the mouse wheel 20,
related to her/his identity and personal condition. This can
be interpreted as an input signal by the signal analyzing unit
16 in step 120 in FIG. 2, and according to the result of this
analysis, the tactile output unit 12 begins to output of a
sequence of tactile output signals.

[0051] As an alternative, input signals of the sensor 14 as
well as of the user interface, i.e. the mouse wheel 20 can be
taken into account. For example, the user may input personal
respiration characteristics as described above to determine
preconditions for the pacing process. The sensor 14 may
then monitor the present respiration activity of the subject,
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and the signal analyzing unit 16 will calculate a sequence of
tactile output signals on the basis of both kinds of input
signals.

[0052] To provide guidance for the breathing activity, it is
preferred to control the length and frequency of the phases
(see FI1G. 3) within the sequence of tactile output signals
based on the calibration data obtained, (or calibration data
obtained during a previous session), so that a relaxing effect
takes place. The signal analyzing unit 16 can determine the
further progress of the sequence, beginning with the fre-
quency corresponding to the recognized respiration fre-
quency and changing it in the further course of the tactile
output signal.

[0053] The diagram in FIG. 3 shows one possible pacing
scenario with respect to the chronological development of
the pacing rate (frequency) of the tactile output signal. The
horizontal axis of the diagram in FIG. 3 represents the time,
while the vertical axis represents the pacing rate. The time
axis is divided into five different phases, the first phase
beginning at t(1)=0 being a calibration phase (P1), in which
the tactile output unit 12 is passive and does not output
tactile output signals. The calibration phase (P1) is followed
by phases (P2), (P3), (P4) and (P5) in which the tactile
output unit 12 is active and outputs a sequence of tactile
output signals. This activity period starts with a starting
phase (P2) and is followed by a slow down phase (P3), a
phase of constant pacing rate (P4) and a fade out phase (P5).

[0054] In the calibration phase (P1), the respiration activ-
ity of the subject is monitored by the sensor 14 that generates
an input signal. This input signal is analyzed by the signal
analyzing unit 16. By this monitoring activity the progress
of the respiration of the subject can be analyzed, resulting in
a curve that shows the respiration activity. In FIG. 3,
different curves are shown as three examples of develop-
ments of the respiration rate during the calibration phase.

[0055] Each curve represents a “respiration rate profile” of
the subject. From this profile the signal analyzing unit 16 can
derive a starting point of the pacing activity, that is, a
suitable pacing rate at the beginning of the sequence of
tactile output signals. The pacing rate (frequency) is only
one possible characteristic of the tactile output signal that
can be chosen. Another characteristic could be the pacing
amplitude that is also derived from the results of the mea-
surements of the calibration phase (P1). Generally speaking,
the signal analyzing unit 16 tries to find a signal pattern
within the respiration profile represented by the input signal,
and when such a pattern is recognized, a starting signal is
generated for the actuator 18 to output a tactile output signal
that relates to this signal pattern.

[0056] It is also possible to acknowledge results of pre-
vious monitoring phases in the search of the signal pattern
within the input signal. This means that the calibration phase
(P1) shown in FIG. 3 is only one example of such a
monitoring phase, in which the tactile output unit is passive.
However, such a monitoring phase can also be represented
by a previous operation period of the tactile breath pacing
system 10 in which the respiration activity of the subject has
been monitored. It is also noted that a calibration phase (P1)
preceding the output of a sequence of tactile output signals
may not always be necessary. The starting point of the
pacing activity can rather be chosen merely on the basis of
history data, i.e. previous operation periods, as described
above.
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[0057] When the signal pattern has been recognized and
the input signal has been generated, the pacing begins at a
starting level f(1) of the pacing rate at the time t(2) at the
beginning of the starting phase (P2). During this phase (P2)
the pacing rate of the tactile output signal slightly decreases
in the present embodiment in FIG. 3. The progress of this
decrease, i.e. the slope of the curve representing the pacing
rate over time can also depend on the calibration results. It
is also possible to keep the pacing rate constant during this
phase (P2). The starting phase (P2) is followed by a slow
down phase (P3) with a stronger decrease of the pacing rate
until time t(4). During the slow down phase (P3) the pacing
rate decreases from the value f(2) to f(3). This value f(3)
corresponds to a target respiration rate of a desired breathing
sequence and can be derived from respiratory characteristics
measured during the calibration phase. According to one
example, the pacing rate f{(3) may correspond to a value of
60% of the measured respiration rate at the start.

[0058] The slow down phase (P3) is followed by a phase
of constant pacing rate (4) in which the pacing rate stays
constant on the level f(3). The length of the phase (P4) may
be calculated on the basis of previous monitoring periods,
i.e. previous operation phases of the tactile breath pacing
system 10 and (optionally) the calibration phase (P1). In the
slow down phase (P3), the pacing amplitude (not shown) can
increase linearly to a certain level and can stay on this level
during the phase (P4). Other characteristics of the tactile
output signal can also be changed in a predetermined
manner during the phases (P2) to (P5).

[0059] The phase (P4) is followed by a fade out phase (P5)
with a constant pacing rate on the level {(3). In phase (P5),
the pacing amplitude may decrease to zero, so that a pacing
activity ends at the time t(6) in this example.

[0060] While the length of the phases (P4) and (P5) can be
determined on the basis of monitoring results, as described
above, their length can also be determined on the basis
whether there is an input into the sensor 14. When the sensor
does not generate an input signal, i.e. the periodic signal
indicative of the respiration rate of the subject, this can be
taken as a sign that there is no contact between the subject
and the tactile output unit 12, and the tactile breath pacing
system 10 is not used. It is then possible to start the fade out
phase (P5) or the finish the pacing process completely.

[0061] The pacing process can be stopped when it has
been determined that the subject has fallen asleep or has
relaxed to a desired extent. The fade out phase (P5) can be
started when a certain characteristic or signal pattern has
been recognized within the input signal, or the system is shut
down immediately in this case. For example, the sensor 14
may measure a respiration frequency, amplitude or inhale to
exhale ratio signaling a weak breathing activity that indi-
cates a sleeping or deeply relaxed state of the subject. A
corresponding signal pattern of the input signal originating
from the sensor 14 will be recognized by the signal analyz-
ing unit 16, and it will generate a stopping signal for the
tactile output unit 12 to stop the sequence of tactile output
signals immediately or to start the fade out phase (P5) in
which the pacing amplitude decreases to zero, and the whole
system turns off. In this embodiment the signal analyzing
unit 16 is provided to control the length of the sequence of
tactile output signals based on characteristics of the input
signal that may correspond to a certain condition of the
subject.
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[0062] What has been described before is only one pos-
sible pacing scenario. Another possibility is to dispense the
calibration phase (P1) and to derive the respiration rate
profile only from previous operation periods of the tactile
breath pacing system 10. This means that prior periods of
use are taken as monitoring periods in which a signal pattern
can be detected. A third scenario is to acknowledge not only
an input signal generated by a sensor 14 but also originating
from a user interface like the mouse wheel 20 in FIG. 1. For
example, the user may adjust or choose personal respiration
characteristics as described above to determine precondi-
tions for the pacing process and input them into the user
interface. Such a personal characteristic may refer to the
user’s identity, the age, gender or another personal feature.
This input can then be used as an input signal for choosing
a pacing characteristic at the beginning of the sequence of
tactile output signals as a “starting point”. In the further
pacing progress during the phases (P2) to (P5) in FIG. 3, the
sequence of tactile output signals can be tuned, i.e. further
adapted on the basis of sensor signals that have been
collected in a calibration phase or in a phase of prior use as
history data.

[0063] In all these scenarios it is possible to generate a
stopping signal to stop the tactile output unit 12 from further
producing tactile output signals. The stopping signal can be
generated by the signal analyzing unit 16 upon the recog-
nition of a certain signal pattern contained within the input
signal originating from a sensor 14, as described above.
However, other factors can be taken into account, for
example, the running time of the sequence so that the
stopping signal cannot be generated until a predetermined
time period has passed. It is also possible to generate the
stopping signal only on a time basis, i.e. to determine a fixed
time period as the duration of the sequence or to determine
it dependent on a user’s input via the user interface. In this
embodiment the signal analyzing unit 16 is provided to
control the length of the sequence of tactile output signals
based on a time schedule that may be programmed and/or
can be changed by the user.

[0064] In this version it is possible to influence the output
signal by an input unit that can be actively operated by the
subject. The user may be enabled to choose between certain
preconditions in generating the tactile output signal, for
example, to choose between a slower or faster breathing
sequence at the beginning of the starting phase (P2). How-
ever, there can be still the influence of a signal pattern that
has been previously recognized so that the generated
sequence of tactile output signals can be still adapted to the
user and is personalized to a certain extent.

[0065] Although this is not shown in the present embodi-
ment in FIG. 1, it is possible to provide the tactile breath
pacing system 10 with display devices that show the user the
operation state of the tactile breath pacing system 10. Such
a display device can be a visual display, a light source like
a LED or an audio display device giving a sound feedback
to the user. This display device can also be arranged exter-
nally so that it is not integrated into the tactile output unit 12.
[0066] To further explain the change of the characteristics
of the tactile output signal in the phases (P3), (P4) and (P5),
reference is made to FIG. 4, showing the development of the
pacer action over time (horizontal axis) with respect to
pacing rate and amplitude. FIG. 4 shows three different
curves. The upper curve shows the actual movement (pacer
action) of the tactile output unit 12 over time (horizontal
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axis), the amplitude of this movement extending on the
vertical axis. The second curve from above shows the
development of the pacing rate (vertical axis) over time,
while the third curve shows the development of the pacing
amplitude (vertical axis). The amplitude of the pacer action
in the upper and the lower curve has been normalized to a
value of 1 as a maximum, while the pacing rate is given in
pacing cycles per minute.

[0067] The development of the pacing rate corresponds to
that in FIG. 3, 1.e. it decreases in a slow down phase (P3) that
lasts for ca. 4 minutes in the present example but stays on a
constant level in the following phase (P4) for another 4
minutes and the fade out phase (P5) of 2 minutes. However,
the development of the pacing amplitude is different, as it is
already indicated in the upper curve. The lower curve shows
this development even more clearly: In phase (P3), the
amplitude rises linearly towards its maximum, that is
reached at the transition from phase (P3) to (P4), stays on a
constant level in (P4) and decreases linearly to zero during
phase (P5).

[0068] Moreover, a speaker and/or a display integrated
into or connected to the tactile output unit 12 can be used to
output instructions to the user on how to use the device. It
is further noted that any input unit 14 as described above can
also be connected by wire or wirelessly to the tactile output
unit 12.

[0069] The output unit may preferably include a tempera-
ture controlling element, which could be used to warm up
the output unit. Such temperature controlling element could
be realized as a heating element, which is just controlled to
have fixed temperature and/or which may have a tempera-
ture sensor for sensing the temperature of the user who
contacts the output unit. By warming up the output unit
convenience of the user in increased. Thus in case of a
cushion or hand pad or the like people having colder hands
or feeling cold may feel more comfortable. On the other
hand it can increase feeling of connectedness with the output
unit. This temperature control of the pad can be realized by
integration of a heating element in the pad.

[0070] While the invention has been illustrated and
described in detail in the drawings and foregoing descrip-
tion, such illustration and description are to be considered
illustrative or exemplary and not restrictive; the invention is
not limited to the disclosed embodiments. Other variations
to the disclosed embodiments can be understood and
effected by those skilled in the art in practicing the claimed
invention, from a study of the drawings, the disclosure, and
the appended claims. In the claims, the word “comprising”
does not exclude other elements or steps, and the indefinite
article “a” or “an” does not exclude a plurality. The mere fact
that certain measures are recited in mutually different depen-
dent claims does not indicate that a combination of these
measures cannot be used to advantage. Any reference signs
in the claims should not be construed as limiting the scope.

1-15. (canceled)

16. A breathe pacing system, comprising:

an input unit configured to receive user input; and

an output unit configured to, based on the user input,
present a sequence of output signals corresponding to
periodic respiratory activity, the sequence of output
signals comprising a user configurable and perceivable
characteristic corresponding to the respiratory activity,
the input unit integrated into the output unit.
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17. The breathe pacing system of claim 16, wherein the
characteristic comprises an inhale to exhale ratio corre-
sponding to the respiratory activity, wherein the input unit is
configured to enable user modification of the inhale to
exhale ratio.

18. The breathe pacing system of claim 16, wherein the
characteristic comprises a frequency corresponding to the
respiratory activity, wherein the input unit is configured to
enable user modification of the frequency.

19. The breathe pacing system of claim 16, wherein a rate
of the sequence of output signals is constant and the
sequence of output signals is independent from a present
respiration activity of a subject to which the breathe pacing
system is coupled.

20. The breathe pacing system of claim 16, wherein the
output unit comprises a tactile output unit configured to
present the sequence of output signals, according to a
constant or variable pacing rate, as tactile output signals
haptically perceivable by a subject to which the breathe
pacing system is coupled.

21. The breathe pacing system of claim 16, wherein the
output unit comprises a visual output unit configured to
present the sequence of output signals as visible output
signals visually perceivable by a subject to which the
breathe pacing system is coupled.

22. The breathe pacing system of claim 21, wherein the
output unit is configured to present the visual signal dynami-
cally with an expand time corresponding to an inhale phase
of the respiration activity and a contract time corresponding
to an exhale phase of the respiration activity.

23. The breathe pacing system of claim 16, wherein the
output unit comprises an acoustic output unit configured to
present the sequence of output signals as acoustic output
signals acoustically perceivable by a subject to which the
breathe pacing system is coupled.

24. The breathe pacing system of claim 16, wherein the
input unit is configured to enable the user to preset the
characteristic.

25. The breathe pacing system of claim 16, wherein the
input unit comprises a touch screen.

26. The breathe pacing system of claim 16, further com-
prising a sensor configured to sense a characteristic of a
subject to which the breathe pacing system is coupled.

27. The breathe pacing system of claim 26, wherein the
output unit is configured to present the sequence of output
signals based further on the sensed characteristic.

28. The breathe pacing system of claim 16, wherein the
breathe pacing system comprises a watch, a wristband, or a
mobile phone.

29. The breathe pacing system of claim 16, wherein the
input unit comprises a user interface configured to enable a
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subject to which the breathe pacing system is coupled to
initiate the presentation of the sequence of output signals.

30. The breathe pacing system of claim 16, wherein the
output unit comprises a user interface configured to output
status information of the breathe pacing system or output
instructions on how to use the breathe pacing system.

31. The breathe pacing system of claim 16, wherein the
output unit is configured as a tactile output unit configured
to present the sequence of output signals as tactile output
signals and further comprising a co-located display device
configured to present, in conjunction with the presentation
of the tactile output signals, a visual representation of an
operation state of the breathe pacing system.

32. A watch, comprising;

an input unit configured to receive user input; and

an output unit configured to, based on the user input,

present a sequence of output signals corresponding to
periodic respiratory activity, the sequence of output
signals comprising a user configurable and perceivable
characteristic corresponding to the respiratory activity,
wherein the touch screen display is configured to
enable a subject to whom the watch is coupled to adjust
the characteristic, the characteristic comprising one or
a combination of an inhale to exhale ratio and fre-
quency.

33. The watch of claim 32, wherein the output unit
comprises a visual output unit configured to present the
sequence of output signals as visible output signals visually
perceivable by a subject to which the breathe pacing system
is coupled, wherein the output unit is configured to present
the visual signal dynamically with an expand time corre-
sponding to an inhale phase of the respiration activity and a
contract time corresponding to an exhale phase of the
respiration activity.

34. A breathe pacing method, comprising:

receiving at an input unit user input; and

based on the user input, presenting at an output unit in

which the input unit is integrated, a sequence of output
signals corresponding to periodic respiratory activity,
the sequence of output signals comprising a user con-
figurable and perceivable characteristic corresponding
to the respiratory activity.

35. The method of claim 34, further comprising present-
ing the sequence of output signals as visible output signals
visually perceivable by a subject to which the breathe pacing
system is coupled, wherein the presenting comprises pre-
senting the visual signal dynamically with an expand time
corresponding to an inhale phase of the respiration activity
and a contract time corresponding to an exhale phase of the
respiration activity.



[ i (S RIR) A ()

RIB(ERR)AGE)

LR B(ERR)AGE)

LL-EEPN

RBA

ATEEZHEFRENNFREERENGE

US20160331305A1 K (2E)R

US15/196479 RiEH

R HTJANEIMartijn
B{BARTELHY

VOGT JUERGEN

AARTS RONALDUS

TIJS TIM

BRADA YPE

VAN DEN BOOGAARD MAARTEN
BENNIK JAN

RAYMANN ROY

2+ ZP|LGRIM PETRONELLA
i

"=, JANG =

VAN DE SLUIS , BARTEL

B4 JUERGEN

AARTS , RONALDUS

TS , TIM

BRADA , YPE

VAN DEN BOOGAARD , MAARTEN
BENNIK , JAN

RAYMANN , ROY
ZWARTKRUIS-PELGRIM , PETRONELLA
"

ERTCRAEN.V.

KRANS JAN MARTIJN

VAN DE SLUIS BARTEL

VOGT JUERGEN

AARTS RONALDUS

TS TIM

BRADA YPE

VAN DEN BOOGAARD MAARTEN
BENNIK JAN

RAYMANN ROY

ZWARTKRUIS PELGRIM PETRONELLA
DU JIA

KRANS, JAN MARTIJN

VAN DE SLUIS, BARTEL

VOGT, JUERGEN

AARTS, RONALDUS

TS, TIM

BRADA, YPE

VAN DEN BOOGAARD, MAARTEN
BENNIK, JAN

RAYMANN, ROY
ZWARTKRUIS-PELGRIM, PETRONELLA
DU, JIA

2016-11-17

2016-06-29

patsnap


https://share-analytics.zhihuiya.com/view/cae0a5e7-4473-4af4-b50b-334205968f26

IPCy e A61B5/00 A61B5/08

CPCH%S A61B5/0816 A61B5/486 A61B5/08
£ A 13/884010 2013-05-08 US

2010192288 2010-11-23 EP
PCT/IB2011/055093 2011-11-15 WO

SNEBEEE Espacenet USPTO

BEGR) 10
RENREERENATET SR EN PRI WAL , HIRGHE
WHEESEx BN FETIREERGEN RS ESINTEEME (10

Y AT AT ZHENERESHIBEENNSE , 3F - MALT ( 14

) AFFESRESSRENTRSTAXNAAES  E29HR
HBT (16 ) RBMACERNNESER  URAHET (12 ) ,
ATREXNNTAREERFINEEES , HPmimbiRMtsr ( 12

Y UEBHESHEBERAEEESARINESERNEXNESER
M ESFY,



https://worldwide.espacenet.com/patent/search/family/045375461/publication/US2016331305A1?q=US2016331305A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160331305%22.PGNR.&OS=DN/20160331305&RS=DN/20160331305

