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BREATH PACING APPARATUS, AND
METHOD FOR PACING THE RESPIRATION
OF A PERSON

FIELD OF THE INVENTION

The invention relates to a breath pacing apparatus and to
a method for pacing the respiration of a person.

BACKGROUND OF THE INVENTION

Slow, regular breathing is considered to be beneficial for
relaxation. To support the breathing process, breath pacing
devices are known to provide a sequence of desired respi-
ration cycles that corresponds to a regular breathing rhythm.
These respiration cycles, each comprising an inhale phase
and a subsequent exhale phase, are displayed to a user in
form of an output signal that is easily perceivable by the
user. For this purpose an optical signal can be used, i.e. a
light that changes it intensity, color or shape according to the
desired respiration cycles. For example, breath pacers are
known that can be used in bed by a person to reduce sleep
onset latency. This breath pacer projects a light spot of
slowly varying size on the ceiling of the bedroom. However,
light projections require at least a minimum of attention by
the user and can be found disturbing by other persons. This
also stands for audible cues to pace the user’s respiration,
because an audio signal is always hearable to another person
present in the room or requires the user to wear headphones.
However, the output signal representing the respiration
cycles can also be haptically perceivable as a characteristic
of a haptic output unit like, for example, a pad or a ball that
increases or decreases its size or shape periodically.

To support the relaxation of a person using a breath pacing
apparatus, it is beneficial to mimic a typical human breathing
rhythm related to increasing relaxation as good as possible.
For example, the length of the guiding respiration cycles
may increase with time, i.e., each subsequent respiration
cycle is longer than the preceding one, to increase the chance
for relaxation. One problem arising with haptic output units
is that with increasing length of the respiration cycles, it
becomes more difficult to feel the change of the haptically
perceivable feature and to follow the respiration rhythm. For
example, a haptic output unit like an inflatable pad may
increase its thickness from the beginning of one respiration
cycle to the end of the inhale phase, reaching its maximum
thickness, and beginning to decrease its thickness at the
transition from the inhale phase to the exhale phase, reach-
ing its minimum thickness again at the end of the cycle. The
longer the cycle becomes, the more difficult it is for the user
to feel the “turning point” at which the pad reaches its
maximum thickness and further the transition from the
exhale phase to the inhale phase of the subsequent cycle,
where the pad has its minimal thickness. However, when the
tactile stimulus gets weaker, the breath pacing effect is
deteriorated.

A sleep aid device for inducing and/or manipulating sleep
is disclosed in US 2007/0179334 Al. This device includes
a fluid-filled mattress, a fluid pump sealably connected to the
mattress, and a control module. The fluid pump modulates
fluid into and/or out of the mattress, which may stimulate the
feel and/or sound of a human breathing.

U.S. Pat. No. 5,395,301 teaches a kinesthetic system for
promoting rhythmic breathing by tactile stimulation. U.S.
Pat. No. 5,395,301 claims a method and a system for
encouraging a desired breathing pattern, the system com-
prising a respiratory ventilator for respirating a patient
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according to the desired pattern, a kinesthetic device capable
of being worn by the patient having a means for providing
the patient with a non-driving cyclical tactile stroking sen-
sation, the stroking sensation emulating human touch, and
means for cyclically operating said kinesthetic device in
synchronization with said respiratory ventilator so as to
encourage the patient to breath in accordance with the
desired breathing pattern.

International publication WO 86/02815 Al discloses a
mattress incorporating means to stimulate the heartbeat of an
adult, the mattress comprises a sound chamber, means to
stimulate the heartbeat and power means therefore. In addi-
tion means may be provided to stimulate the respiratory
movements of an adult.

Document FR 2 834 875 discloses a rhythmic pillow to
aid sleep and relaxation. The pillow is in two parts—a fixed
section filled with foam or feathers, and an inflatable section
connected by rubber tubes to a housing containing a small
blower. The blower, which is electronically controlled,
delivers air to the inflatable section of the pillow through two
valves to produce either a gentle rising and falling motion or
a side to side rocking motion.

Patent application GB 2 397 761 A pertains to a mattress
for inducing a calming effect on a person using the mattress,
which mattress comprises an upper portion for being laid
upon by the person, and movement-creating means that
causes the upper portion to rise and fall with a movement
that is smooth and rhythmical and substantially the same as
the rising and falling action of a mother’s chest as the mother
reclines and breathes with an infant resting on her chest.

United States patent application no. US 2010/0125226 A1l
concerns a simple, portable, easy to operate device that helps
the user to practice deep breathing techniques in their
everyday life.

The German utility model DE 201 03 442 U1 relates to a
pillow or a support for a pillow which is characterized in that
its height changes periodically, comparable to a breathing
movement.

German utility model DE 202 05 187 Ul discloses a
mattress for infants, the mattress being characterized in that
it includes means for continuously raising and lowering an
area smaller than the contact area of an infant lying on the
mattress, wherein the alternating up- and down movement is
within a height of 1 to 5 cm within the breathing rhythm of
a resting adult.

It is therefore an object of the present invention to provide
a breath pacing apparatus providing a variable haptically
perceivable feature according to a sequence of desired
respiration cycles that enables the user to follow the respi-
ration cycles easier than with known breath pacing appara-
tuses, even with increasing length of the respiration cycles.

It is another object of the present invention to create a
corresponding method for pacing the respiration of a person,
providing an output signal haptically perceivable during a
sequence of desired respiration cycles that can be haptically
perceived easily by a user even with increased length of the
respiration cycles.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention, this
object is achieved by a breath pacing apparatus comprising
a haptic output unit with a variable haptically perceivable
feature, said haptic output unit being provided to change said
haptically perceivable feature periodically according to a
sequence of desired respiration cycles, wherein a character-
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istic of the change of said haptically perceivable feature is
related to the length of the respiration cycles.

The invention is based on the concept that the perception
of a variation of a haptically perceivable feature can be
facilitated by influencing certain characteristics of this varia-
tion. This offers the possibility to follow the variation even
in longer respiration cycles. For example, the amplitude of
the variation of the feature within one cycle can be increased
with each subsequent cycle so that the user can feel the
difference between a maximum and minimum value more
easily. However, other characteristics of the change of the
haptically perceivable feature can be used within the scope
of the present invention, like, for example, the magnitude of
the change of the feature per time unit, that can be related to
a smaller time scale compared to the length of the respiration
cycle. Increasing the magnitude of change per time unit
gives the user the feeling that the output signal changes
“faster”.

According to one preferred embodiment of the present
invention, said haptically perceivable feature is changed
within each respiration cycle between a minimum value and
a maximum value, said characteristic of the change of said
haptically perceivable feature being the difference between
the maximum value and the minimum value.

According to another preferred embodiment of the inven-
tion, said characteristic is the magnitude of change of said
haptically perceivable feature per time unit.

According to another preferred embodiment of the present
invention, the magnitude of change of said haptically per-
ceivable feature per time unit is varied in a non-linear
fashion within a respiration cycle.

According to another preferred embodiment of the inven-
tion, the variable haptically perceivable characteristic is the
size of the haptic output unit.

According to another preferred embodiment, the variable
haptically perceivable characteristic is the thickness of the
haptic output unit.

According to another preferred embodiment, the variable
haptically perceivable characteristic is the shape, the weight,
the hardness, and/or the surface texture of the haptic output
unit.

For example, the shape of the haptic output unit may vary
between different shapes, representing “maximum” and
“minimum” values in the sense of the present invention.
According to other examples, its weight may vary between
a light and a heavy value, its hardness varies between a
harder and a softer haptic impression, or its surface changes
between a smooth surface and a rough surface. The haptic
output unit is an inflatable wristband.

According to a second aspect of the present invention, a
method for pacing the respiration of a person is provided,
comprising:

determining a sequence of desired respiration cycles, each
cycle comprising an inhale phase and a subsequent exhale
phase,

generating an output signal haptically perceivable by a
person during said sequence of desired respiration cycles,
said output cycle changing periodically between a maximum
value and a minimum value, each period corresponding to
one respiration cycle,

wherein a characteristic of the change of said output
signal is related to the length of the respiration cycles.

According to a preferred embodiment of this method, the
characteristic of the change of the output signal is the
difference between the maximum value and the minimum
value, as described above.

10

15

20

25

30

35

40

45

50

55

60

65

4

According to another preferred embodiment of this
method, said characteristic of the change of the output signal
is the magnitude of change per time unit.

Preferably the magnitude of change of the output signal
per time unit is varied in a non-linear fashion within a
respiration cycle.

This gives the opportunity to increase the change of the
output signal at a transition point between two phases of the
respiration cycle. For example, the maximum value of the
output signal is reached at the transition between the inhale
phase and the exhale phase. Increasing the change of the
output signal at this transition point facilitates the perception
of the transition, supporting the pacing effect.

According to a preferred embodiment of this method, the
output signal is outputted by a haptic output unit.

According to another preferred embodiment, the output
signal is represented by at least one of the following group:

the size of said haptic output unit;

the thickness of said haptic output unit;

the shape of said haptic output unit;

the weight of said haptic output unit;

the hardness of said haptic output unit;

the surface texture of said haptic output unit.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the invention will be apparent
from and elucidated with reference to the embodiments
described hereinafter.

In the drawings:

FIG. 1 is a schematic view of a breath pacing apparatus
according to one embodiment of the present invention;

FIG. 2 is a diagram showing the operation of the breath
pacing apparatus of FIG. 1; and

FIG. 3 is another diagram to show another operation mode
of a breath pacing apparatus according to FIG. 1.

DETAILED DESCRIPTION OF EMBODIMENTS

The breath pacing apparatus 10 in FIG. 1 is provided to
pace the respiration of a person by determining a sequence
of desired respiration cycles, each cycle comprising an
inhale phase and a subsequent exhale phase. This sequence
of desired respiration cycles is represented by an output
signal that is haptically perceivable by the person, so that
she/he can follow the respiration cycles easily. The output
signal changes periodically between a maximum value and
a minimum value, each period corresponding to one cycle,
as will be further explained with reference to FIGS. 2 and 3.
The person can feel the periodic change between the maxi-
mum and minimum values and adjust her/his own breath to
the respiration rate generated by the breath pacing apparatus
10.

The breath pacing apparatus 10 comprises a controlling
unit 12 and a haptic output unit 14 controlled by the
controlling unit 12. The controlling unit 12 is disposed
inside a casing and comprises a respiration cycle determin-
ing unit 16 and an actuating unit 18. The respiration cycle
determining unit 16 determines a sequence of desired res-
piration cycles, each cycle comprising an inhale phase and
a subsequent exhale phase. For this purpose the respiration
cycle determining unit 16 may comprise a suitable electronic
computing unit, storing means for storing a program for
calculating the sequence, an electric output signal generation
unit for generating an electric output signal corresponding to
the predetermined or calculated respiration cycles, or the
like.
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The actuating unit 18 comprises means for generating a
pneumatic pressure according to the electric signals received
by the respiration cycle determining unit 16. That is, the
actuating unit 18 converts the electric signals corresponding
to the desired respiration cycles into pressure output signals.
The pressure generated by the actuating unit 18 is applied to
the haptic output unit 14 that is represented by a pad with a
generally flat ellipsoid shape. This pad can be inflated by
applying the pneumatic pressure generated by the actuating
unit 18 so that the pad increases its size, especially its
thickness in the vertical direction in FIG. 1. The inflated
state is indicated by a dashed line in FIG. 1, while the
deflated state is indicated by the continuous elliptical line
showing the cross section of the haptic output unit 14. The
air pressure is transferred from the actuating unit 18 to the
haptic output unit 14 by a flexible hose 20 connecting the
actuating unit 18 and the haptic output unit 14. The resulting
thickness of the haptic output unit 14 is a feature represent-
ing an output signal that can be haptically perceived by a
user. In use of the breath pacing apparatus 10 in a bedroom
situation, the haptic output unit 14 will be disposed in bed
so that it can be easily reached by a person lying therein and
putting her/his hand on the pad to feel the change of its size
according to the sequence of desired respiration cycles,
while the controlling unit 12 will be disposed at another
suitable place next to the bed. It is easily understood that the
hose 20 should be long and flexible enough to place the
haptic output unit 14 relatively independent from the con-
trolling unit 12.

The operation of the breath pacing apparatus 10 in FIG.
1 will be explained in the following in view of FIG. 2.

The diagram in FIG. 2 represents a sequence of desired
respiration cycles as generated by the controlling unit 12 in
FIG. 1. The horizontal x-axis in FIG. 2 represents the time
t, while the vertical y-axis represents the value A of the
output signal, i.e. the thickness of the haptic output unit 14.
The elevation of the top surface of the haptic output unit 14
is indicated schematically at some points of time to illustrate
the “up” and “down” of the top surface of the pad repre-
senting the haptic output unit 14. This movement can be
perceived by a user putting her/his hand on the pad.

The sequence of desired respiration cycles is indicated
below the axis of time t. FIG. 2 shows three subsequent
respiration cycles R;, R,, R;. In this embodiment, each
respiration cycle R, R,, R; comprises an inhale phase [}, I,,
15, followed by an exhale phase E, E,, E;. At the beginning
of each respiration cycle R, R,, R;, the haptic output unit
14 has its minimal thickness, i.e. the output signal A has a
minimal value. During the inhale phase I;, I,, 1, the
thickness increases up to a maximum value at the transition
from the inhale phase I, L,, I; to exhale phase E,, E,, E;.
During the following exhale phase E,, E,, E;, the thickness
decreases again to a minimal value of thickness. In the
diagram the line connecting the maxima and minima of the
output signal A in time t indicates the development of the
output signal A that changes periodically between maximum
and minimum values, each period corresponding to one
respiration cycle R, R, R;. For the sake of completeness it
should be noted that the role of the phases I,, I,, I; and E |,
E,, E; can be reversed within the scope of the present
invention, in the sense that phases I, 1,, I; with increasing
thickness are interpreted as exhale phases, while phases E,,
E,, E; with decreasing thickness are interpreted as inhale
phases.

To achieve a relaxing effect, the breathing sequence
displayed by the desired respiration cycles R, R,, R; should
mimic the breathing sequence of a relaxed person as good as
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possible. For this reason it is advantageous that the respi-
ration cycles R, R,, R; do not have the same length but the
length increases with each subsequent cycle, i.e. R;<R,<R;
and so on, or to put it more generally: R <R, ,,, with n being
a positive integer. With increasing length of the respiration
cycles R, R,, R;, the length of the respective inhale phases
1;, I, I; and exhale phases E|, E,, E; also increases.

With increasing length of the respiration cycles R, R,, Ry
and constant difference of the minimum and maximum
values of the output signal A over the whole sequence, i.e.
within all respiration cycles R, R,, R; and following, the
problem arises that it becomes more difficult for a person to
feel the periodic change of the output signal A. This is
mainly due to the fact that the output signal variation per
time unit becomes smaller and the user has the feeling that
the amplitude changes very “slow”. It is particularly relevant
not to miss the transitions between the inhale phases 1, L,,
I; and the exhale phases E,, E,, E; to adapt the own
respiration rate to the respiration cycles determined by the
breath pacing apparatus 10, and consequently it is elemen-
tary for the pacing result to feel when the output signal a
reaches its maximum values and minimum values.

For this reason the present invention proposes to relate
one characteristic of the change of the output signal A to the
length of the respiration cycles R,, R,, R;. In the present
embodiment shown in FIG. 2, this characteristic is repre-
sented by the difference between the maximum values and
the minimum values of the output signal A. For example, in
FIG. 2, the maximum values Max,, Max,, Max, within each
respiration cycle R, R,, R; of the output signal A increase
with each respiration cycle R;, R,, R;, so that
Max,<Max,<Max;. In the present example the minimum
values Min,, Min,, Min, stay the same for each respiration
cycle R, R,, R;, i.e. Min,=Min,=Minj, so that the differ-
ences between the maximum values and the minimum
values increase, and Max,-Min,<Max,-Min,, and so on.
This increase of the difference between the maximum values
Max,, Max,, Max; and the minimum values Min,, Min,,
Min; can be haptically perceived easily by a person. One
further effect is that the haptic output unit 14 mimics the
natural respiration rate of a relaxing human more naturally
and the differences between the maximum values and the
minimum values of the output signal A are increased so that
the respiration becomes “deeper”.

It is noted that the difference between the maximum value
Max and the minimum value Min,, of the output signal A,
that represents the thickness as one haptically perceivable
feature of the haptic output unit 14, is only one possible
characteristic of the change of this haptically perceivable
feature that can be linked to the length of the respiration
cycles R, R,, R;. However, there are other possibilities and
examples of characteristics of the change of this feature. In
FIG. 2, one can see that the steepness of the ascending slope
from Min, to Max in each respiration cycle R, n=1 to 3,
only slightly increases, as well as the descending slope from
Max,, to Min,,, during the exhale phase E,, although the
length of the respiration cycles increases. However, it is
possible to further increase the steepness of the ascending
slope and the descending slope so that the magnitude of
change of the haptically perceivable feature (or the output
signal) per time unit can be easier perceived by a person,
getting the impression that the thickness of the haptic output
unit changes “faster”. In this embodiment the change
between the maximum values and minimum values may still
be linear, as in FIG. 2.

FIG. 3 shows another possibility to change the haptically
perceivable feature (or output signal) of the haptic output
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unit 14. The operation mode shown in FIG. 3 can be another
operation mode of the breath pacing apparatus 10 in FIG. 1,
or can be processed by another breath pacing apparatus. In
this embodiment the magnitude of change of the output
signal is varied within each respiration cycle R, R,, R5 so
that there is a non-linear change between the minimum value
and the maximum value, respectively. At the begin begin-
ning of each cycle R, R,, R;, the thickness of the haptic
output unit 14 is increased with a stronger rate to higher
values, and after that instant increase of thickness, it
increases slower to reach the maximum value at the end of
the inhale phase I, I,, I5. After reaching the maximum, the
thickness instantly becomes smaller, then developing slower
towards the minimum value of the next respiration cycle
again. In other words, the magnitude of change of the
thickness as the haptically perceivable feature (or output
signal) of the haptic output unit 14 increases immediately
after reaching a minimum value or a maximum value,
respectively. This behavior of the haptic output unit 14 can
be perceived easier than a “smooth” and linear development
of the thickness, especially at the transition points between
the inhale phases I,, 1,, I; and the exhale phases E,, E,, E;
that determine the respiration rhythm.

In the example of FIG. 3, the difference between the
maximum value and the minimum value of the thickness
also increases with each respiration cycle R,, R,, R;. How-
ever, it is possible to keep this difference constant and only
to increase the magnitude of change per time unit within
each respiration cycle R, R,, R;. This should be considered
especially in view of the fact that the volume of an inflatable
pad, like in the embodiment of FIG. 1, is limited, and the
increase in the variation of thickness of the pad is limited to
some extent.

There are other possibilities to change the variation of
thickness within the respiration cycles R, R,, R;. For
example, the “smoothness” of the variation can be further
influenced by introducing small changes of the thickness
variation around a generally smooth curve, like they are
represented in FIGS. 2 and 3. These variations could be felt
as small vibrations of the pad. The intensity of these
vibrations can also be varied to indicate a transition between
different phases within the respiration cycle R, R,, R;.

It is understood that other haptically perceivable features
of the haptic output unit 14 can be used as output signals
than the thickness of the pad used in this embodiment. For
example, the general size, i.e. the outer diameter represents
another perceivable feature. It could also be considered to
change the shape of the haptic output unit between different
shapes that represent “maximum” values and “minimum”
values of the output signal. For example, the haptic output
unit 14 could comprise a certain curvature that increases and
decreases periodically between a maximum curvature and a
minimum curvature, or the like. Other examples of hapti-
cally perceivable features of the haptic output unit 14 that
can be used in this context are its weight (varying between
“light” and “heavy”), its hardness (varying between “hard”
and “soft”) and its surface texture (varying between
“smooth” and “rough”).

While the invention has been illustrated and described in
detail in the drawings and foregoing description, such illus-
tration 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
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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 dependent
claims does not indicate that a combination of these mea-
sures cannot be used to advantage. Any reference signs in
the claims should not be construed as limiting the scope.
The invention claimed is:
1. A breath pacing apparatus, comprising:
a haptic output unit with a variable haptically perceivable
feature,
said haptic output unit being configured to change said
haptically perceivable feature according to a sequence
of respiration cycles, each respiration cycle in said
sequence having a duration a respective maximum
value and a respective minimum value,
wherein a characteristic of the change of said haptically
perceivable feature is a function of a difference in
duration between duration of a current respiration cycle
in the sequence and duration of at least one other
respiration cycle in the sequence that immediately
precedes or follows the current respiration cycle; and
a respiration cycle determiner configured to generate the
sequence of respiration cycles,
wherein the respective maximum values of the respiration
cycles in the sequence increase with each subsequent
respiration cycle, and wherein respective differences
between the respective maximum values and the
respective minimum values increase with each subse-
quent respiration cycle.
2. The breath pacing apparatus according to claim 1,
wherein said haptically perceivable feature is changed
within each respiration cycle in said sequence between
a minimum value of each respiration cycle and a
maximum value of each respiration cycle,
said characteristic of the change of said haptically per-
ceivable feature being a range between a size of the
maximum value and a size of the minimum value for a
respiration cycle in the sequence.
3. The breath pacing apparatus according to claim 1,
wherein said characteristic of the change of said hapti-
cally perceivable feature is a function of a magnitude of
change of said haptically perceivable feature per time
unit.
4. The breath pacing apparatus according to claim 3,
wherein the magnitude of change of said haptically per-
ceivable feature per time unit is varied in a non-linear
fashion within a respiration cycle of the sequence.
5. The breath pacing apparatus according to claim 1,
wherein the variable haptically perceivable feature is a
size of the haptic output unit.
6. The breath pacing apparatus according to claim 1,
wherein the variable haptically perceivable feature is a
thickness of the haptic output unit.
7. The breath pacing apparatus according to claim 1,
wherein the variable haptically perceivable feature
includes at least one of a weight, a hardness, and a
surface texture of said haptic output unit.
8. A method for pacing a respiration of a person, com-
prising acts of:
determining a sequence of respiration cycles, each respi-
ration cycle in said sequence having a duration, a
respective maximum value and a respective minimum
value; and
generating an output signal haptically perceivable by the
person during said sequence of respiration cycles, said
output signal being provided by a haptic output unit,
and said output signal configured to change periodi-
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cally between the respective maximum value and the
respective minimum value, each period of change cor-
responding to one respiration cycle,

wherein a characteristic of the change of said output

signal is a function of a difference in duration between
duration of a current respiration cycle in the sequence
and duration of at least one other respiration cycle in
the sequence that immediately precedes or follows the
current respiration cycle, and

wherein the respective maximum values of the respiration

cycles in the sequence increase with each subsequent
respiration cycle, and wherein respective differences
between the respective maximum values and the
respective minimum values increase with each subse-
quent respiration cycle.

9. The method according to claim 8,

wherein said characteristic of the change of said output

signal is a range between a size of the maximum value
and a size of the minimum value for the current
respiration cycle.

10. The method according to claim 8,

wherein said characteristic of the change of said output

signal is a magnitude of change per time unit.

11. The method according to claim 10,

wherein the magnitude of change of said output signal per

time unit is varied in a non-linear fashion within a
respiration cycle of the sequence.

12. The method according to claim 8, wherein said output
signal comprises at least one of:

a weight of said haptic output unit;

a hardness of said haptic output unit; and

a surface texture of said haptic output unit.

13. A computer-readable storage-medium that is not a
transitory propagating signal or wave, the medium compris-
ing control information for controlling a breath pacing
apparatus for performing the method of claim 8.

14. A method for pacing a respiration of a person, com-
prising acts of:

determining a sequence of respiration cycles, each respi-

ration cycle in said sequence having a duration, a
respective maximum value and a respective minimum
value; and

generating an output signal haptically perceivable by the

person during said sequence of respiration cycles, said
output signal being provided by a haptic output unit,
and said output signal configured to change between
the respective maximum value and the respective mini-
mum value for each of the respiration cycles in the
sequence,
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wherein a characteristic of the change of said output 50

signal for each of the respiration cycles in the sequence
is a function of a difference in duration between dura-

10

tion of a current respiration cycle in the sequence and
duration of at least one other respiration cycle in the
sequence that immediately precedes or follows the
current respiration cycle, and

wherein the respective maximum values of the respiration
cycles in the sequence increase with each subsequent
respiration cycle, and wherein respective differences
between the respective maximum values and the
respective minimum values increase with each subse-
quent respiration cycle.

15. The method according to claim 14,

wherein said characteristic of the change of said output
signal is a magnitude of change per time unit.

16. The method according to claim 15,

wherein the magnitude of change of said output signal per
time unit is varied in a non-linear fashion within a
respiration cycle of the sequence.

17. The method according to claim 14, wherein said

output signal comprises at least one of:

a weight of said haptic output unit;

a hardness of said haptic output unit; and

a surface texture of said haptic output unit.

18. A breath pacing apparatus, comprising:

a haptic output unit including a variable haptically per-
ceivable feature, said haptic output unit configured to
change said haptically perceivable feature according to
a sequence of respiration cycles, wherein each respi-
ration cycle in said sequence has a duration, wherein
each respiration cycle in said sequence has a respective
maximum value and a respective minimum value,

wherein a characteristic of the change of said haptically
perceivable feature is related to a function of a differ-
ence in duration between duration of the current res-
piration cycle in the sequence and duration of at least
one other respiration cycle in the sequence that imme-
diately precedes or follows the current respiration
cycle; and

a respiration cycle determiner configured to generate the
sequence of respiration cycles,

wherein the respective maximum values of the respiration
cycles in the sequence increase with each subsequent
respiration cycle, and wherein respective differences
between the respective maximum values and the
respective minimum values increase with each subse-
quent respiration cycle.

19. The breath pacing apparatus of claim 18, wherein the

respective minimum values of the respiration cycles in the
sequence are the same.
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