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Description

Related Application

[0001] This application claims priority to and benefit
from co-pending U.S. Provisional Application No.
60/554,211, filed March 18, 2004 and is incorporated
herein.

Field of Invention

[0002] The present invention relates to methods and
devices for evaluating and treating stress and stress-re-
lated disorders. More particularly the present invention
relates to biofeedback devices and methods for increas-
ing parasympathetic nerve activity by providing informa-
tion on respiratory sinus arrhythmia patterns.

Background Information

[0003] Despite the existence of many stress reduction
products and services, stress and stress-related disor-
ders still result in staggering economic and non-econom-
ic costs. It has been estimated that in the United States
alone, job stress accounts for nearly $300 billion annually
in terms of productivity, absenteeism and turnover. Over
and above the direct work-related costs, attempts at
treating stress and stress related disorders accounted
for over $17 billion in anti-depression and anti-anxiety
drugs in 2002. An ever upward trend in annual costs of
such pharmacological treatments continues.
[0004] In addition, stress results in significant but in-
calculable costs due to concomitant health problems
stemming directly or indirectly from underlying stress dis-
orders. For example, studies have shown that people
experiencing stress are more susceptible to viral and
non-viral diseases. A common and well-known example
of this is the relationship between stress and respiratory
infections. Moreover, those suffering from an illness take
longer to recover if suffering from stress as well.
[0005] Chronic stress can impair both the balance of
the autonomic nervous system (ANS) and the efficacy of
the ANS, resulting in a myriad of stress related disorders.
Impairment of the ANS results in degenerative disease
and premature death. For example, a clinical study ex-
amined a single two minute measurement of the ANS
from 14,025 healthy men and women between the ages
of 45 and 64. After eight years, those with a lower meas-
urement had a much greater incidence of disease and
death. Three other studies (US, Denmark, and Finland)
have also examined ANS function as it relates to "all
cause mortality". In each study, low ANS function pre-
ceded and predicted illness and death. Literally hundreds
of other studies have examined ANS function as it relates
to individual illnesses such as heart disease, diabetes,
and stroke. For example, the British government com-
missioned a study on the ANS function and heart disease.
Those with the lowest ANS function had more than a

1,000% increase in mortality rate from heart attacks.
Non-economic costs of stress are also significant and
include the harmful effects on relationships with family,
friends, neighbors and co-workers.
[0006] The human body’s reaction to stress, called the
"stress response," involves two basic systems: the auto-
nomic nervous system and the endocrine system. The
ANS generally innervates smooth muscles of internal or-
gans and consists of sympathetic and parasympathetic
divisions. In simple terms, the sympathetic division is re-
sponsible for mobilizing energy to respond to emergen-
cies ("fight or flight"), express emotions or perform stren-
uous activities, while the parasympathetic division acts
to exert a calming influence and thereby balance the sym-
pathetic system.
[0007] The endocrine system is also involved in stress-
related processes. In particular, the hypothalamic-pitui-
tary adrenal (HPA) axis plays a major role in the endo-
crine system’s stress response. The hypothalamus se-
cretes peptide hormones to stimulate the pituitary glands
which in turn secrete its own hormones to stimulate other
endocrine glands. The adrenal glands secrete cortisol
which regulates metabolism and the production of energy
and regulates responses in the sympathetic and para-
sympathetic branches of the autonomic nervous system.
Cortisol levels are directly related to the degree of an
individual’s stress response.
[0008] In the early 1970’s Dr. Herbert Benson docu-
mented the existence of a neurological and physiological
state opposite of the "stress response." This state, called
the "relaxation response," has been verified by other clin-
ical investigators. From an autonomic nervous system
perspective, the stress response is characterized by high
activity of the sympathetic branch while the relaxation
response is characterized by high activity of the para-
sympathetic branch. Inducing the relaxation response by
definition interrupts an activated stress response. There-
fore, frequent activation of the relaxation response can
prevent stressors from creating on-going (i.e., chronic)
stress. Also, frequent activation of the relaxation re-
sponse has been shown to reverse much of the damage,
including hypertension, caused by previously encoun-
tered chronic stress.
[0009] The interaction of the two branches of the au-
tonomic nervous system (sympathetic and parasympa-
thetic) can be characterized by examining the small
changes in the time occurring between each consecutive
heart beat. When an individual is at rest, variation in the
beat to beat time is caused by the parasympathetic
branch. This variation will increase and decrease accord-
ing to an individual’s respiratory pattern. During inspira-
tion, the parasympathetic branch is inhibited, and the
heart rate will begin to rise. During expiration, the para-
sympathetic branch engages and lowers the heart rate.
This relationship between the changing heart rate and
breathing is called respiratory sinus arrhythmia (RSA).
RSA measurements are mathematical calculations of the
degree to which the heart rate rises and falls. When the
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rise and fall are greater, then the activity of the parasym-
pathetic nervous system is greater. In other words, great-
er RSA indicates greater parasympathetic activity. As
stated previously, a sufficient increase in parasympathet-
ic activity shifts the body into the relaxation response
thereby interrupting any pre-existing stress response.
[0010] Many attempts have been made to activate the
relaxation response to treat or control stress, including
both invasive and non-invasive techniques and proce-
dures. For example, acupuncture, prescription and non
prescription pharmacological treatment, and psychother-
apy have all been used in attempts to relieve or control
stress. However, each of these therapies involves signif-
icant costs in money and time. Moreover, the effective-
ness of these treatments is often less than complete and
is sometimes nearly non-existent. Effectiveness often is
difficult to evaluate and is many times only temporary. In
addition, pharmacological treatments frequently have
undesirable side effects and some may even have ad-
diction risks. Also, even with all the available alternatives,
stress still is responsible (either directly or indirectly) for
more than 80% of doctor’s visits.
[0011] U.S. Patent 6,358,201 discloses a method and
apparatus for facilitating physiological coherence and au-
tonomic balance for biological systems which exhibit os-
cillatory behavior by determining the power distribution
spectrum and calculating an entrainment parameter.
[0012] U.S. Patent 6,305,943 discloses a respiratory
sinus arrhythmia training system that includes software
that receives and utilizes heartbeat interbeat interval to
compute RSA parameters and generate training feed-
back.

Summary of Invention

[0013] Accordingly, a clear need exists for methods
and devices for evaluating and treating stress, wherein
such methods and devices are effective, non-invasive,
simple to use and inexpensive. In addition, a clear need
exists for methods and devices which do not have un-
wanted side effects or create addiction risks.
[0014] The invention is defined by the independent
claims. The dependent claims define advantageous em-
bodiments.
[0015] The present invention provides easy to use,
cost-effective methods and devices for evaluating and
treating stress and thereby disorders caused or exacer-
bated by stress. More particularly, the present invention
provides methods and devices for identifying individual
RSA waves and providing a subject with near real-time
RSA wave information. This information can be used, for
example, in biofeedback settings to assist subjects in re-
ducing levels of stress and achieving rhythmic breathing.
[0016] Accordingly, one exemplary embodiment of the
present invention provides portable, handheld biofeed-
back devices for reducing stress in human subjects.
[0017] Another exemplary embodiment of the present
invention provides portable, handheld biofeedback de-

vices which contain a photoplethysmograph ("PPG")
sensor and a display screen to provide subjects with near
real-time information on their RSA waves.
[0018] A further exemplary embodiment of the present
invention provides a methods and devices for training
subjects to reduce levels of stress by achieving a respi-
ration frequency of close to 6 breaths per minute.
[0019] Yet another exemplary embodiment of the
present invention provides methods for detecting and
correcting erroneous data relating to RSA waves and de-
vices which utilize such methods.
[0020] Another exemplary embodiment of the present
invention provides methods for adjusting scaling on a
display screen of portable biofeedback devices and de-
vices which utilize such methods.
[0021] Still another embodiment of the present inven-
tion identifies respiration patterns including depth, rate
and volume by analyzing RSA waves and provides a dis-
play of same.

Brief Description of Drawings

[0022]

Figure 1 illustrates a typical heart rate variability
(HRV) pattern caused by respiratory sinus arrhyth-
mia (RSA).
Figure 2 illustrates an exemplary series of RSA
waves and identifies several pulse peaks.
Figure 3 illustrates an exemplary series of RSA
waves and calculates the interbeat interval times
(IBI) between successive pulse peaks.
Figures 4a-d identify, respectively, a representative
top point, bottom point, ascending transition point
and descending transition point.
Figure 5 illustrates representative consecutive as-
cending and descending transition points.
Figure 6 illustrates an exemplary method for identi-
fying a top point.
Figure 7 illustrates an exemplary method for identi-
fying a bottom point.
Figures 8(a)-(b) depict an exemplary process flow
for an exemplary procedure for finding RSA waves
within a data set according to an exemplary embod-
iment of the present invention;
Figure 9 illustrates an exemplary procedure for iden-
tifying RSA waves within a data set.
Figure 10 illustrates an exemplary double top wave.
Figure 11 illustrates an exemplary method for cor-
recting data from a representative double top wave.
Figure 12 illustrates an exemplary display of a stress
meter.
Figure 13 illustrates an exemplary embodiment of a
device in accordance with the present invention and
identifies a potential location for a power switch.
Figure 14 illustrates a representative location for a
PPG sensor which can collect data from a subject’s
finger.
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Figure 15a-b illustrates alternate methods for a sub-
ject to hold an exemplary device while the subject’s
finger is in the PPG sensor.
Figure 16 illustrates an exemplary display of a count-
down meter.
Figure 17 illustrates an exemplary display of a rep-
resentative average pulse rate as well as a pulse
rate over time.
Figure 18 illustrates an exemplary display of an error
message.
Figure 19 illustrates an exemplary embodiment of a
countdown timer.
Figure 20 provides a representative illustration of
RSA waves of a subject whose breathing has slowed
over time.
Figure 21 provides a representative illustration of
RSA waves of a subject who has taken deeper
breaths over time.
Figure 22 illustrates a representative RSA pattern
consistent with rhythmic breathing.
Figure 23 provides a representative display of a sub-
ject with a wave frequency of six.
Figure 24 provides another representative display of
a subject with a wave frequency of six.
Figure 25 illustrates an exemplary display of a ses-
sion score for a subject.
Figure 26 illustrates an exemplary display of a sub-
ject whose depth of breathing has increased and is
generated relatively large waves with a duration of
about 10 seconds each.
Figure 27 illustrates a representative location for a
guided breathing switch for activating a guided
breathing function in exemplary devices of the
present invention.
Figure 28a-b illustrate an exemplary display for guid-
ed breathing with a breathing bar that increases to
guide inhalation and decreases to guide exhalation.
Figure 29 illustrates an exemplary display of a ses-
sion summary screen.
Figure 30 illustrates an alternate form factor for ex-
emplary devices of the present invention.
Figure 31a-b illustrate, respectively, a display having
sufficient size to show both accurate data and erro-
neous data and a display of a small, portable device
in which only the erroneous data is descernible.
Figure 32 illustrates a series of representative pulse
peaks.
Figure 33a-b illustrate, respectively, a representative
false positive pulse peak and a representative false
negative pulse peak.
Figure 34 depicts an exemplary process flow for an
exemplary error correction method employed during
a representative error correction mode.
Figure 35 illustrates representative wave features
which may be used to determine when a subject has
achieved rhythmic breathing.
Figures 36 - 37 depict an exemplary process flow for
an exemplary top level procedure for interacting with

a user according to an exemplary embodiment of the
present invention.
Figures 38 - 42 depict an exemplary process flow for
an exemplary procedure for processing a detected
pulse according to an exemplary embodiment of the
present invention.
Figures 43 - 45 depict an exemplary process flow for
an exemplary procedure for error correction for a se-
quence of detected pulses according to an exempla-
ry embodiment of the present invention.
Figures 46 - 47 depict an exemplary process flow for
an exemplary procedure for error detection for a se-
quence of detected pulses according to an exempla-
ry embodiment of the present invention.
Figures 48 depicts an exemplary process flow for an
exemplary procedure for initializing a range for de-
tected pulses according to an exemplary embodi-
ment of the present invention.
Figures 49 - 50 depict an exemplary process flow for
an exemplary procedure for processing RSA waves
within a sequence of detected pulses according to
an exemplary embodiment of the present invention.
Figures 51 - 53 depict an exemplary process flow for
an exemplary procedure for processing RSA wave-
lengths within a sequence of detected pulses to de-
termine a stress level for a user according to an ex-
emplary embodiment of the present invention.
Figure 54 depicts an exemplary process flow for an
exemplary procedure for assigning wavelengths to
RSA waves according to an exemplary embodiment
of the present invention.
Figure 55 depicts an exemplary system in which a
software process can be implemented according to
an exemplary embodiment of the present invention.

Detailed Description

[0023] Studies have shown that controlled respiration
can shift the balance of the sympathetic and parasym-
pathetic branches. Three specific respiratory compo-
nents interactively determine the amount of parasympa-
thetic innervation. These three components include fre-
quency, tidal volume, and expiration/inspiration ratio. In
general, parasympathetic activity can be increased by
reducing breath frequency, increasing tidal volume,
and/or increasing the expiration/inspiration ratio. Thus,
altering these three variables has the potential to in-
crease parasympathetic activity enough to effectively
elicit the relaxation response non-invasively, simply, in-
expensively, and without negative side-effects.
[0024] Generally speaking, biofeedback methods and
devices involve training processes which allow subjects
to facilitate changes in behavior or activity in order to
improve or maintain one or more physiological functions.
Over time, a subject can be trained with biofeedback
methods and devices to exercise greater control over
these functions. In contrast to other forms of therapy in
which treatment is imposed upon the subject, biofeed-
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back methods and devices allow the subject to gradually
integrate the training processes into almost automatic
responses.
[0025] The present invention relates to methods and
devices which can provide biofeedback information and
training for subjects suffering from stress and stress-re-
lated disorders. Such biofeedback information and train-
ing may be based on an analysis of respiratory sinus
arrhythmia patterns and breathing that can affect such
patterns.
[0026] There are no known methods for identifying in-
dividual RSA waves during spontaneous breathing using
only the RSA data set. In order to correlate RSA waves
with respiration, usually heart rate and respiration rate
information is collected and mapped separately. One as-
pect of the present invention includes the identification
of the individual waves within a RSA data set. A further
aspect of the present invention includes the use of such
wave patterns to provide subjects with near real-time res-
piratory feedback information based on heart rate data.
Means for decreasing or adequately controlling stress
levels also can be provided based on the wave pattern
analysis and respiratory feedback.

Wave Pattern Identification

[0027] In one exemplary embodiment of the present
invention, identification and analysis of respiratory sinus
arrhythmia wave patterns begins by measuring a sub-
ject’s pulse rate on a beat to beat basis. It is well estab-
lished in medical literature that human heart rates, and
therefore pulse rates, continually fluctuate up and down
in a wave like manner (Fig 1). These waves are known
as heart rate variability (HRV) waves. When a person is
physically still and resting, the HRV waves are related to
a person’s respiration. These resting HRV waves are
medically known as respiratory sinus arrhythmia or RSA
waves, as the size and shape of these waves is related
to the rate, rhythm, and depth of a person’s breathing.
As long as a person is breathing between 4 to 15 breaths
per minute, the frequency of the waves will essentially
match the frequency of respiration. Most individuals
breathe within this range, but even when a person is
breathing outside this range, the wave frequency still pro-
vides a close approximation to the respiration frequency.
[0028] While the correlation between waves and
breathing has been well established in the medical liter-
ature by visual analysis, no automated method exists to
identify individual waves within a heart beat data set. An
exemplary embodiment of the present invention includes
a novel method of identifying each individual wave for a
heart beat data set.
[0029] For example, the amount of time (in millisec-
onds) between two consecutive pulse peaks (the peak-
to-peak time) is called the pp interval (pp) (Fig 2). In an
exemplary embodiment of the present invention, a device
records successive pp intervals. The description of pp
interval points also applies to rr intervals (the interval be-

tween consecutive R waves in an electrocardiograph or
ECG), any derivative of pp intervals such as the pulse
rate points, and any derivative of rr intervals such as heart
rate. Collectively, these intervals may be referred to as
"heart rate related intervals." Furthermore, the same
method of extracting RSA waves from pp intervals can
be directly applied to these other points as well. Preferred
embodiments of the present invention, however, parse
waves within pp interval data sets.
[0030] The pulse rate of each recorded pp interval
(60,000 / pp) may be displayed on the screen each time
a new pulse peak is encountered. The absolute time dif-
ference between successive pp intervals (absolute (pp[n]
- pp[n-1])) is called the interbeat interval time (IBI) (Fig.
3). An aspect of the present invention uses the pp interval
times to identify individual RSA waves. The methods de-
scribed herein may be used for both spontaneous and
guided breathing.
[0031] Each p-p may be categorized by examining its
relationship to the p-p immediately before it (the previous
pp) and the p-p immediately after it (the next p-p). A p-p
may be considered a top point (tp) if the previous p-p is
equal to or less than it and the next p-p is equal to or less
than it as well (Fig. 4a). A p-p may be considered a bottom
point (bp) if the previous p-p is equal to or greater then
it and the next p-p is equal to or greater than it as well
(Fig. 4b). A p-p may be considered an ascending transi-
tion point (at) if the previous p-p is less than it and the
next p-p is greater than it (Fig. 4c). A p-p may be consid-
ered a descending transition point (dt) if the previous p-
p is greater than it and the next p-p is less than it (Fig.
4d). Thus, a p-p may be categorized as either a top point
(tp), bottom point (bp), ascending transition point (at), or
descending transition point (dt). The "term transition
point" can be used to refer to both ascending and de-
scending transition points when it is not qualified with the
words "ascending" or "descending". Consecutive transi-
tion points refers to a series of consecutive ascending
transition points or descending transition points (Fig. 5).
[0032] The term "top level" may be used to refer to the
relative height of the top point. The level of a top point
may be computed as follows. L = the number of consec-
utive points immediately to the left of the top point that
are less than or equal to the top point. R = the number
of consecutive points immediately to the right of the top
point that are less than or equal to the top point. If L < R,
then the top level is equal to L, otherwise the level of the
top is equal to R. Fig. 37/Fig. 6 illustrates, using three
examples, how the top point level may be categorized.
[0033] The term "bottom level" may be used to refer to
the relative height of the bottom point. The level of a bot-
tom point is computed as follows. L = the number of con-
secutive points immediately to the left of the bottom point
that are greater than or equal to the bottom point. R =
the number of consecutive points immediately to the right
of the bottom point that are greater than or equal to the
bottom point. If L < R then the bottom level is equal to L
otherwise the level of the bottom is equal to R. Fig. 7
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illustrates, using three examples, how the bottom point
level may be categorized.
[0034] Figs. 8(a)-(b) provide an exemplary flowchart
which illustrates an exemplary procedure for finding the
RSA waves within a data set while Fig. 9 illustrates how
this procedure may be applied. According to the inven-
tion, the first step is to locate the highest number of con-
secutive transition points (ctp) in the data set. In Fig. 9
the highest number of consecutive transition points be-
gins at point 1. There are 2 consecutive transition points.
The wave depth is equal to the number of these transition
points. Thus, the wave depth in this example is 2. In pre-
ferred embodiments, if the wave depth is greater than 4,
the wave depth value is adjusted down to 4.
[0035] The next step is to locate the bottom point to
the right of the consecutive transition points where the
bottom level is equal to or greater than the wave depth.
This is the right valley point (v2) of the RSA wave. In the
example in Fig. 9, bottom point no. 8 has a level of 3,
which is greater than the wave depth. The next step is
to locate the bottom point to the left of the consecutive
transition points where the bottom level is equal to or
greater than the wave depth. This is the left valley point
(v1) of the RSA wave. In the example provided in Fig. 9,
bottom point no. 0 has a level 4, which is greater than
the wave length. The next step is to find the highest point
between the left valley point and the right valley point.
This is the peak (p) of the RSA wave. In the example in
Fig. 40/Fig. 9, point 6 is the highest point between the
two valley points. All data from the left valley point (v1)
to the right valley point (v2) is considered processed data.
The same procedure is repeated on the remaining un-
processed data until all possible waves have been iden-
tified.
[0036] There are a number of variations in the method
described above which should be considered within the
scope of the present invention. For example, a similar
method could be used to find peaks on each side of a
transition point series. The valley between two peak
points would therefore be the lowest point between the
two peaks. Also, wave depth may be based on the ab-
solute number of transition points or a derived number
based upon the number of transition points (e.g., number
of transition points x 75%). Also, the v1 point could be
identified before the v2 point.
[0037] In preferred embodiments, the wave parsing
method discussed above is used each time a new bottom
level 4 point is identified. Thus, devices according to ex-
emplary embodiments of the present invention "look" for
RSA waves between bottom level 4 points. In other ex-
emplary embodiments, devices may be configured to
"look" for RSA waves after each point, or after a certain
period of time elapses (every 30 seconds for example),
etc. Exemplary embodiments use bottom level 4 points
because they have a very high probability of delineating
RSA waves. That is, they have a high probability of being
valley points (v1, v2) of RSA waves.
[0038] There are two instances where the basic RSA

wave parsing methods described above may inaccurate-
ly describe an RSA wave. One may occur when a double
top wave is encountered. Double top waves may be
formed when a person waits a long time to inhale after
he or she has already exhaled. Another may occur when
double bottom waves are formed. Double bottom waves
may be formed when a person holds his breath for a long
time after inhaling. Double tops are easily identified by
examining the ratios of lengths of the two waves (Fig.
10). When (p1-v2) is much smaller than (p1 - v1), and
(p2 - v2) is much smaller than (p2 - v3), and (p1 -v2) is
very close to (p2 - v3) then a double top has occurred.
[0039] According to the invention double tops are de-
fined as situations where: ((p1 - v2) / (p1 - v2)) < 0.50
and ((p2 - v2) / (p2 - v3)) < 0.50 and ((p1 - v1) / (p2 - v3))
> 0.75. Double bottoms may be defined as the inverse
of double tops.
[0040] Whenever double tops or double bottoms are
produced from the basic parsing method, the two waves
forming the pattern are merged together into one wave.
Point v1 is the v1 of the new wave. Point v3 becomes
the v2 of the new wave. The highest value between v1
and v3 is the peak point of the new wave. This is illustrated
by Fig. 11.

Use of RSA Waves to Analyze and Reduce Stress

[0041] Exemplary embodiments of the present inven-
tion can use the RSA wave information described above
to assess the user’s level of mental stress. This mental
stress measurement may be presented in devices as a
stress meter (Fig. 12(5)). For example, when a person
is stressed, breathing usually becomes rapid and irreg-
ular, relative to a non-stressed state. This rapid, irregular
breathing can cause the formation of short, choppy RSA
waves. Methods and devices according to the present
invention can be used to determine the user’s stress level
by determining how far the user’s average wavelengths
deviate from a level that represents a relaxed state. Such
methods and devices also may compute how irregular
(arrhythmic) the user’s waves are. These two assess-
ments may be used individually or combined into a single
value to indicate the overall stress level.
[0042] Studies have demonstrated that when people
are profoundly relaxed (such as in a state of deep med-
itation), they tend to breathe in a steady rhythm at ap-
proximately 6 breaths per minute. Such rhythmic breath-
ing causes the RSA wavelengths to become entrained
on the breathing frequency. Thus, rhythmic breathing at
6 breaths per minute will result in a series of RSA waves
having wavelengths of 10 seconds. Thus, exemplary em-
bodiments of the present invention use wavelengths of
10 seconds as the relaxation threshold when assessing
the user’s stress level. Exemplary embodiments also in-
clude methods and devices which compute the average
wavelength of the last five waves to determine how far
the average is, proportionally, from 10 seconds. This is
one example of a "wavelength score".
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[0043] Arrhythmic waves may be quantified using a
number of standard variance formulas. Exemplary em-
bodiments of the present invention use the sum of the
differences of each consecutive wavelength in the last
five waves to compute a "variance score". Exemplary
embodiments also can use the sum of the differences
between successive wavelengths and may use a rank
order weighted averaging so that the variance of the most
recent waves count more. The stress level in an exem-
plary embodiment of the present invention uses 70% of
the "wavelength score" + 30% of the "variance score".
The user’s stress level can be recalculated each time a
new RSA wave is identified.
[0044] Stress can cause a variety of RSA wave behav-
iors: decreased peak to peak times, increased peak to
peak frequency, decreased wavelength, increased wave
frequency, decreased amplitude, irregular wavelengths,
irregular wave frequencies, irregular amplitudes, irregu-
lar peak to peak times, irregular peak to peak frequen-
cies, irregular peak placements or decreased variation.
Any one of the preceding variables, or any combinations
thereof, can be applied to RSA waves and used as an
indicator of the level of stress. Identifying individual RSA
waves and using any of the preceding variables alone,
in combination with each other, and/or in combination
with other variables, to evaluate stress is within the scope
of the present invention and has not been described in
the prior art.
[0045] In addition to using the identified RSA waves
for determining stress levels, devices and methods ac-
cording to exemplary embodiments of the present inven-
tion can also use RSA wave information to determine
and display both average heart rate and wave frequency.
The average of all the pulse rates in the last wave may
be used to assess average heart rate. For example, each
time a new RSA wave is identified, the average of the
pulse rates may be computed and the heart rate may be
updated. The wave frequency display also may be up-
dated every time that a new RSA wave is identified. Ex-
emplary embodiments can express frequency relative to
waves (breaths) per minute. In exemplary embodiments
the wave frequency and heart rate may be rounded to
the nearest integer.

Exemplary Device

[0046] The description below relates to a particular ex-
emplary embodiment of the present invention in the form
of a device which may be used to evaluate stress in hu-
mans. In this exemplary embodiment, RSA waves may
be identified as described above and used to provide
biofeedback to a user. In addition to the particular exem-
plary embodiment described below, it should be appre-
ciated that other methods and devices are intended to
be within the scope of the present invention. Alternative
embodiments are occasionally described under this sec-
tion. Where alternative embodiments are not explicitly
described, it is not the intention of applicants to limit the

present invention to the exact description provided in this
section. The full scope of the present invention is based
on the disclosure in the specification as a whole.
[0047] The present invention includes, for example, a
battery powered handheld portable device including a
PPG sensor, a display screen, control buttons, and a
power button (Fig. 13). The user can turn on the device
by pressing a power button. If the device is being used
in a dark room, the user can turn on backlighting by press-
ing the power button a second time and keeping it
pressed for a few seconds. Soon after the device has
been powered on, it prompts the user to insert a finger
into the finger sensor (/Fig. 14). The user then gently
holds the device with a finger resting on top of the sensor
throughout the entire session. The device can be com-
fortably held vertically, resting on the thumb (Fig. 15a) or
at an angle, resting on the curled fingers of the hand
holding it (Fig. 15b).
[0048] Once the finger has been inserted into the finger
sensor, the device then begins to calibrate the PPG sen-
sor. A countdown meter marks the amount of time re-
quired for the calibration (Fig. 16). After the PPG sensor
is calibrated, the device uses the PPG sensor to detect
each pulse of blood in the finger. The resulting pulse rate
(60,000 / number of milliseconds between two consecu-
tive pulse peaks) is then plotted on the screen on a pulse
by pulse basis (Fig. 17(2)). The display also shows the
user his average pulse rate (Fig. 17(1)).
[0049] PPG sensors can be very sensitive to finger
pressure. That is, if the user is squeezing the device, the
resulting finger pressure may prevent the device from
gathering accurate pulse rate information. Whenever the
user applies too much pressure, the device will display
an error message alerting the user to stop squeezing the
device and start to relax his finger (Fig. 18). As soon as
the user has successfully relaxed his finger, he is then
returned to the pulse rate display screen.
[0050] When the device identifies a new RSA wave, it
uses the wave information to determine and display five
things: the frequency of the last wave, the average pulse
rate of all the pulse points in the wave, the session score,
the remaining session time and the stress index - how
much mental stress the user is currently experiencing
(Fig. 12).
[0051] The device updates the session countdown
clock after every RSA wave has been identified. An al-
ternative exemplary embodiment could include a session
countdown clock that decrements on a regular basis
(e.g., once per second, once every fifteen seconds, etc.).
In this exemplary embodiment, the device updates after
each RSA wave to avoid unconscious associations being
made between the clock and the desired behavior. In
other words, if the clock counted down on a per second
basis, the user could consciously or unconsciously use
the seconds as a guide to breathing at the rate of 6
breaths per minute. Such an association may prevent
the user from unconsciously learning how to breathe at
6 breaths per minute whenever becoming stressed. If the
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user consciously (or even unconsciously) uses the clock,
he or she may always be dependent on the device. How-
ever, by updating the clock based upon every wave, such
a potential situation is not only avoided, but the clock can
reinforce the learning. The user will see the exact number
of seconds of each breath by the amount that the clock
decrements. If the clock were to decrement more slowly
(e.g., once every 30 seconds), the potential for uncon-
scious associations between time and desired behavior
would be avoided. However, in such an alternative im-
plementation, the clock would not be reinforcing the
learning.
[0052] In this exemplary embodiment, the session
countdown timer begins to decrement once the first wave
is identified and data is displayed (Fig. 19). However,
alternative embodiments could begin decrementing the
counter when the user begins to breathe rhythmically, or
only when they good waves are achieved (e.g., waves
with a frequency less than six), or only while the user is
practicing rhythmic breathing. Another alternative is to
not decrement the counter when the breathe button is
being used and guidance is being provided.
[0053] Users can alter the behavior of the waves, and
therefore their calculated stress level, by changing their
breathing pattern. As the user slows down his rate of
breathing, the wavelengths increase and the amplitude
of the waves increases as well (Fig. 20). When a person
breathes more deeply, the amplitude of the waves be-
comes even larger (Fig. 21). When a person breathes
rhythmically at a steady rate, the wavelengths entrain on
the breathing rate (Fig. 22).
[0054] The first step in using the device to relax is to
inhale deeply and then slowly let the air out, extending
exhalation. This will cause the wave lengths to become
longer and therefore the frequency of the waves to de-
crease. The user continues to inhale deeply and to slow
exhalation even more until the wave frequency drops to
6 (Fig. 16/Fig. 23). If the wave frequency drops below
six, then the user will need to breathe a little faster - that
is, not exhale quite as long next time.
[0055] Once the user has reduced the wave frequency
to 6, he or she continues breathing at the same rate and
rhythm that produced a frequency of 6. If the user’s
breathing rate increases, the frequency will increase, in-
dicating that his next breath needs to have a longer ex-
halation. If the user’s breathing rate becomes too slow,
the frequency will drop below 6; indicating that the exha-
lation of the next breath needs to be a little faster. By
paying attention to the wave frequency number, a user
can quickly fill the screen with rhythmic waves that are
10 seconds in length (Fig. 24) corresponding to a fre-
quency of 6 respiration cycles per minute.
[0056] The session score is calculated and displayed
after each RSA wave is identified. The score is based
upon how close the user is to achieving the desired be-
havior. The user accumulates score points. Various
methods for scoring the session may be used. In certain
embodiments, the user receives 3 points if the waves

have a frequency of 6 or less. The user receives two
points for wave frequencies of 7 or 8, one point for wave
frequencies of 9 or 10 and no points for frequencies great-
er than 10. The-accumulated session score could be dis-
played numerically. Alternatively, each individual score
could be displayed. Yet another alternative is to show
the current score along side a set of the previous scores
(either numerically or graphically). Preferred embodi-
ments graphically display the current score and a set of
the previous scores (Fig. 25). In this way, the user can
tell when he is breathing rhythmically. When the score
display is uniform, the user is breathing rhythmically.
[0057] Once the user has filled the screen with rhyth-
mic waves, he should focus on inhaling a little more deep-
ly, and exhaling a little more fully. That is, the user should
try to inhale and exhale a greater volume of air (called
tidal volume). As the user gently increases the depth of
his breathing, the size of the waves will increase (Fig.
26). The user continues to fill the screen with large waves
whose wavelengths are 10 seconds each until the ses-
sion timer runs out. The user will then find that he has
achieved a very deep and profound state of relaxation.
[0058] If a user has difficulty breathing deeply and
rhythmically at a rate of 6 breaths per minute he can
obtain guidance by activating a breathing guide function.
(Fig. 27). As soon as the user presses the breathe button,
a breathing guide appears on the display. The user is
instructed to inhale as the breathing bar rises (Fig.
21a/Fig. 28a) and exhale as the breathing bar descends
(Fig. 21b/Fig. 28b). In exemplary embodiments, the
breathing guide paces the user’s breathing to 6 breaths
per minute with, for example, a 1:2 ratio of inhale:exhale.
In alternative embodiments, the breathing guide could
be programmed to provide other rhythms (e.g., 1:3) at a
ration close to 6 breaths per minute (e.g., 4-8/minute).
The breathing guide remains active for one minute, au-
tomatically shutting off thereafter. By having a temporary,
rather than constant, breathing guide, the user is encour-
aged to use the biofeedback protocol to achieve the six
breaths per minute respiration pattern. If the user were
to rely solely on the breathing guide, it would be much
more difficult to learn how to achieve the pattern on his
own. Thus, by weaning the user off the breathing guide,
the user is able to use biofeedback to create unconscious
learning. An alternative exemplary implementation could
prompt the user to turn off the breathing pattern after a
period of time has occurred. Other breathing rates and
rhythms may be used as well.
[0059] The device returns the user to the regular dis-
play after the breathing guide has been completed. The
user then adjusts his breathing in the manner previously
described to reduce the wave frequency down to 6, main-
tain rhythmic breathing, and increase the size of the
waves by breathing more deeply. The user continues this
process until the session timer reaches 0:00, at which
time the session summary screen may be displayed (Fig.
29).
[0060] Several aspects of the present invention can be

13 14 



EP 1 729 845 B1

9

5

10

15

20

25

30

35

40

45

50

55

combined together to create a number of alternative ex-
emplary embodiments. For example, the device can fea-
ture a meter that could be used as an amplitude feedback
meter rather than a stress meter. The meter could further
have a target bar. Thus, the device could graphically dis-
play how deeply a person is breathing so he could learn
to take deeper breaths. If a target bar is used, users could
try to breathe deeply enough with each breath to cause
the meter to rise above the target bar. Any numerical or
graphical feedback (visual or otherwise) of amplitude
would be within the scope of this alternative embodiment.
[0061] Another alternative exemplary embodiment
could use the wave information (e.g., wavelength, am-
plitude, and peak placement) to determine and provide
feedback regarding the degree to which a user is follow-
ing a prescribed breathing protocol (e.g., 6 breaths per
minute with an inhale:exhale ratio of 1:3). Alternatively,
the user could be given a breathing guide while being
provided simultaneous auditory or visual feedback on
how closely they are conforming to the guided breathing
pattern. Furthermore, a target level could be displayed
such that a user would be considered compliant if he
were above the target level and non-compliant with the
breathing protocol if he or she were below the level.
[0062] Alternative exemplary embodiments can use
the variance of one or more wave parameters to detect
rhythmic breathing. Then, the degree of rhythmic breath-
ing can be visually displayed numerically, graphically, or
in some other manner. Optionally, audible feedback may
be provided. For example, in an exemplary embodiment
a tone can increase as the breathing becomes more ar-
rhythmic and decrease as it became more rhythmic. Al-
ternatively, a single beep can indicate rhythmic breath-
ing, a double beep can indicate near rhythmic breathing,
and a triple beep could indicate arrhythmic breathing.
Naturally, any of the previously mentioned feedback
techniques or derivatives of these techniques could be
used independently, in combination with each other, in
combination with other techniques, or in combination with
both each other and other techniques. Such an imple-
mentation may be used to practice yoga style rhythmic
breathing patterns. For example, if the yoga student were
practicing rhythmic breathing at an inhale:hold:exhale ra-
tio of 1:1:1, he or she could use the device to ensure that
rhythmic breathing was being maintained.
[0063] In other embodiments of the present invention,
a pre-programmed breathing guide can be provided on
the device so the user could follow the breathing guide
while receiving visual and/or auditory feedback on the
rhythmicity of his breathing. Furthermore, the breathing
guide could be programmable. Optionally, feedback can
be provided not only on the rhythm of the breathing, but
rate as well. For example, if the user wanted to practice
breathing at a 1:1:1 ratio at 5 breaths per second, visual
and/or auditory feedback can indicate the degree to
which a user is breathing rhythmically at five breaths per
minute. Breathing at another frequency and/or arrhyth-
mically would reduce the score.

[0064] Another exemplary embodiment provides feed-
back on the depth of breathing. During rhythmic breath-
ing, a measurable phenomenon using aforementioned
methods, the primary difference in wave amplitudes is
the tidal volume (the depth of breathing). Thus amplitude
measurements could be used for visual and/or auditory
feedback to indicate the depth of a person’s breathing.
As stated previously, deep breathing is a useful way of
relieving stress. Exemplary embodiments can provide
feedback on a user’s depth of breathing to assist teaching
the user how to breathe deeply and to thereby relieve
stress.
[0065] In short, exemplary embodiments of the present
invention can provide auditory and/or visual feedback for
the following: rate of breathing, rhythmicity of breathing,
depth of breathing, breathing conformance to a pre-
scribed rate/rhythm, and the like. An assessment can be
made of each of these, alone or in any combination.
Feedback can be provided on one or more of such as-
sessments. Any implementation that identifies two or
more RSA waves and derives rate, rhythm, depth, and/or
conformance is within the scope of the present invention.

Exemplary Form Factor

[0066] Exemplary embodiments of the present inven-
tion incorporate a number of additional features. One
such feature is the design of the device form factor. Prior
to the present invention, biofeedback programs used fin-
ger PPG sensors, ear PPG sensors, and/or heart rate
ECG sensors that attached to a computer via a wire. Al-
though PPG sensors are sensitive to movement and fin-
ger pressure, the prior art did not have to deal with the
many artifacts created by movement or excessive pres-
sure because the prior art finger PPG sensors were often
placed on tables or desks. In this situation, users could
rest their hands and fingers on the desk which stabilized
the hand and finger, thereby preventing excessive move-
ment and finger pressure.
[0067] Since external wires are generally socially (and
otherwise) unacceptable, an exemplary embodiment of
the present invention integrates a PPG sensor directly
into a portable device and eliminates external wires. As
a result, devices according to exemplary embodiments
of the present invention can be comfortably used in a
public setting. Integrating a PPG sensor into a portable
device, however, requires an innovative form factor. For
example, since session times can range from 5 - 15 min-
utes, users of the device will be holding the device, with-
out a stabilizing structure like a desk, for an extended
period of time. Accordingly, the present invention pro-
vides devices which can be comfortably gripped, while
simultaneously allowing the user to gently rest his finger
on the finger sensor.
[0068] The present invention also provides form fac-
tors that provide comfort while minimizing artifacts
caused by movement and pressure over extended peri-
ods of time (e.g., 10 - 15 minutes). Two exemplary form
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factors accomplish these objectives. In the first, the finger
sensor is on the top of the device near one of the edges.
Ergonomically, the height from the bottom of the device
to the top may be between about 1.5 inches and about
3.5 inches and is preferably around 2.5 inches. This al-
lows the device to be supported either by the thumb when
held vertically (Fig. 15a), or supported by the curled fin-
gers when tilted (Fig. 15b). In the second, the finger sen-
sor is located on the rounded back of the device with the
display on the front, allowing the device to rest, for ex-
ample, in the palm of the hand during use (Fig. 30). The
particularly preferred form factor is the first-described
above which allows for the design of products with a sci-
entific and medical look and feel.

Error Detection and Correction

[0069] While either form factor described above will
minimize artifacts, the hardware form factor may not elim-
inate every possible artifact. Because there is no sup-
porting structure such as a table or desk, the hand and
finger will move at different times throughout the session.
While the hardware will minimize artifacts, the remaining
artifacts can be addressed by software in exemplary em-
bodiments of the present invention. Also, the device not
only detects when an error has occurred, but it also cor-
rects the error.
[0070] In general, displays on small portable devices
are much more sensitive to errors because such displays
are very small compared to that of a desktop computer,
for example. When an error occurs on a desktop com-
puter, the display has enough resolution to show both
the accurate data and the error (Fig. 31a). On a small,
portable device, however, one error can cause all the
correct data to become indiscernible due to its low res-
olution (Fig. 31b).
[0071] Numerous statistical methods for detecting er-
rors in a data stream exist in the state of the art. However,
these methods require a large sampling of data before
they provide a high degree of accuracy. As mentioned
above, devices having small displays can be adversely
affected by even a single error. Thus, errors should be
detected quickly and accurately and then corrected. De-
vices according to an exemplary embodiment of the
present invention implement a novel method of error de-
tection and correction that requires only a small amount
of data (approximately 10 seconds) before it becomes
highly accurate.
[0072] To facilitate further understanding of the error
detection and correction methods of the present inven-
tion a brief explanation of how PPG sensors are used to
obtain pulse information in ideal, error-free conditions is
provided. PPG sensors detect the amount of blood pres-
sure in the finger on a continual basis. Each time the
heart beats, the corresponding pulse of blood results in
a rapid increase in blood pressure in the finger, which
then quickly subsides. The PPG sensor continually seeks
to identify the time when the blood pressure peaks (Fig.

32). This is the pulse peak. As discussed previously, the
amount of time (in milliseconds) between two consecu-
tive pulse peaks is called the pp interval (pp) (Fig 2).
Devices according to the present invention can record
each successive pp interval. The pulse rate of each re-
corded pp interval (60,000 / pp) can be displayed on the
screen each time a new pulse peak is encountered. The
absolute time difference between successive pp intervals
(absolute (pp[n] - pp[n-1])) is called the interbeat interval
time or IBI (Fig. 3).
[0073] Two types of errors occur when the PPG sensor
is attempting to correctly identify the next pulse peak.
(Fig. 33) One type of error can occur when the PPG sen-
sor incorrectly identifies an artifact as a pulse peak. That
is, the PPG sensor determines that a pulse peak occurs
where one does not actually exist. This type of error is
called a false positive error. The second type of error
occurs when the PPG sensor does not identify a pulse
peak that does exist. This is called a false negative error.
Both false negatives and false positives result in large
IBIs Error free data may or may not result in large IBIs.
However, erroneous data always produces a large IBI.
Thus, wherever there is an extended amount of consec-
utive data that does not contain a large IBI, one can safely
assume that this data is free of errors. Where large IBIs
occur, it may be due to an error or may be good data;
the device will need to determine which is the case.
[0074] According to preferred exemplary embodi-
ments of the present invention, the first step in the error
detection strategy is to wait for a certain number of heart
rate related intervals (e.g., 10 pp intervals) where every
IBI time is less than 200ms. These data points are con-
sidered to be error free. The number of consecutive in-
tervals can be less than 10 but needs to be at least 2,
preferably at least 3 and even more preferably at least
5. Another alternative is to wait for a set of consecutive
data points where every IBI time is less than 1/3 of the
lowest heart rate related interval, such as a pp interval,
in the consecutive data set (e.g., 5 consecutive pp inter-
vals). The range of these data points can be computed.
As used herein, "range" can refer to the absolute range
(i.e., min pp to max pp), a derivation of the range (e.g.
((min pp - 10%) - (max pp + 10%)), or as a computed
variation (e.g. mean deviation, standard deviation, etc.).
Any appropriate mathematical description of the range
can be used. Preferred embodiments according to the
present invention use min pp - ((max pp - min pp) x 25%)
as the bottom of the range. The preferred embodiment
uses max pp + ((max pp - min pp) x 25%) as the top of
the range. The range may be derived from the entire data
set or a subset of the data set.
[0075] Once the range has been established, each
new p-p is tested to determine if it is "in range". In exem-
plary embodiments, a new pp value is considered "in
range" if it is greater than the bottom value and less than
the top value. However, "in range" also can refer to any
mathematical determination of close proximity of the cur-
rent p-p to the range as determined by the selected range
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calculation. For example, if the range was calculated us-
ing the standard deviation, "in range" could refer to the
statistical determination that the current p-p has an 80%
or higher probability of being within the computed varia-
tion.
[0076] As new pp intervals arrive, the new IBI also may
be computed (absolute new pp - previous pp). The new
IBI may be tested to determine if it is "large". In preferred
embodiments, the device tests whether the IBI is greater
than one half the bottom value of the range. If it is greater,
the IBI is considered to be large. In other exemplary em-
bodiments, the IBI time of the new pp interval minus the
previous interval can be computed. Other IBI times could
be used instead, such as the IBI of the new p-p compared
to the average p-p of the last n number of pp intervals.
Also, different implementations can use a different
threshold for distinguishing large IBIs from non-large
IBIs. According to embodiments of the present invention,
any implementation can be used that uses the difference
of pp intervals or the difference of a derivative of pp in-
tervals (such as the average) in order to detect an error.
[0077] To summarize the above, when the device ac-
cording to exemplary embodiments of the present inven-
tion begins, it may not enter error detection mode until
10 consecutive pp intervals are located where all the IBI
times are less than 200ms. Then, the device can calcu-
late the range of these pp intervals and initiates an error
detection mode. In the error detection mode, the device
can test each new pp to determine if it is "in range" and
the device tests each new IBI to determine if it is "large".
Any other suitable method of determining either or both
of these two properties for use in error detection also is
within the scope of the present invention.
[0078] If the next p-p is "in range" and the IBI is not
"large", then the new p-p can be considered to be error-
free. If the p-p is not "in range" and the IBI is not "large",
the new p-p can be considered to be error-free and the
range is recalculated to include the newly found pp value.
If the new p-p is "in range" but the IBI is "large", the new
p-p can be considered to be error-free. However, when
the new p-p is "out of range" and the IBI is "large", then
the new p-p can be considered to be the result of an error.
Once an error has been detected, it should be corrected.
Therefore, each time that an error is detected in error
detection mode, the device changes to error correction
mode. The device can remain in error correction mode
until erroneous condition has been resolved.
[0079] Fig. 34 provides a flowchart showing an exem-
plary error correction methodology employed during an
error correction mode. Error correction includes sum-
ming together each successive pp interval as it is iden-
tified until either the sum of the pp intervals is "in range"
or the sum can be divided by an integer such that the
result of the division is "in range". When the sum itself is
"in range", all the pp intervals forming the sum can be
combined together into a single value equal to the sum.
When the sum divided by an integer is in range, the er-
roneous values can be replaced with n (where n = the

integer denominator) number of values equal to the result
of the division.
[0080] The following discussion provides examples of
how errors may be corrected according to an exemplary
embodiment of the present invention. For example, if the
range is 600ms - 1,000 ms, and the erroneous pp interval
time is 200 ms. The next pp interval is 100 ms. The sum
is now 300 ms. It is not "in range". The next pp interval
is 400 ms. Therefore the sum is now 700ms. It is "in
range" and therefore 700ms is the corrected value. The
three pp intervals (200ms, 100ms, and 400ms) will be
combined into one value of 700ms. The device then re-
turns to error detection mode.
[0081] As another example, if the range is 700ms -
1,000 ms, and the erroneous pp interval is 1,300 ms.
There are no integers which one can divide 1,300 ms by
that will result in a value "in range". Therefore, the next
pp interval (300ms) is summed together to produce 1,600
ms. At this time, there is an integer which can be used
in a division to produce a value "in range". The integer 2
results in a value that is "in range" (1600 / 2 = 800 ms).
Therefore, the two erroneous values (1,300 ms and 300
ms) will be replaced with two (the integer number) values
of 800 ms (the result of the division).
[0082] In exemplary embodiments, devices according
to the present invention will be able to generate corrected
values within one or two additional pp intervals. However,
it is possible that a device may enter error correction
mode indefinitely. Therefore, the present invention can
include a safety mechanism to resolve this situation if it
should occur. For example, if the device remains in error
correction mode for too long, then the device recalculates
the range by applying a statistical method to all original
data points encountered. That is, every unprocessed pp
interval received from the PPG sensor is used. The range
is then computed with a statistical based range calcula-
tion, for example, a standard deviation formula. In exem-
plary embodiments, the median pp interval is determined
from all unprocessed pp intervals encountered (whether
authentic or erroneous). The range is defined as 15 beats
per minute below the median up to 15 beats per minute
above the median. The pp intervals in the error queue
are reprocessed according to the new range. Note that
the range could also be computed with a subset of the
unprocessed data points (e.g., the last 50 data points).
The present invention also can include any method of
recalculating the range to resolve an extended error con-
dition.
[0083] As stated previously, PPG sensors are sensi-
tive to movement and finger pressure. They are also sen-
sitive to bright light and cold fingers. Therefore, there are
a number of factors that can cause multiple errors. In
certain embodiments of the present invention, whenever
the signal to noise ratio over ten seconds drops below
25%, the device may cycle a display of error messages
(such as that shown in Fig 18) until the device exits from
error correction mode. Thus, the user will be provided
information on changes can be made to assist the device
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in gathering accurate pulse information.
[0084] The present invention also provides alternative
methods for detecting and correcting errors in a heart
rate interval data set. For example, there are a number
of implementations that would permit the range and/or
IBI thresholds to dynamically change as new heart rate
interval values were detected. Such implementations
may provide a marginal increase in accuracy in certain
circumstances.
[0085] For example, the range may be continually as-
sessed using a rolling window. The range may be initial-
ized after receiving the first 10 seconds of pp intervals
such that each consecutive IBI is less than 200ms. After
this point, the range could be continually reassessed us-
ing a rolling window of the last 10 seconds of reliable
data. The last 10 seconds of reliable data may or may
not be consecutive. For example, the top of the range
(r_top) could be the highest p-p in the last 10 seconds of
reliable data and the bottom of the range (r_bottom) could
be the lowest p-p in the last 10 seconds of reliable data.
[0086] Another alternative is to dampen the rate in
which the range can dynamically expand and contract.
For example, each time a new pp value is detected, the
range could be updated in three steps. First the data set
top (ds_top) and the data set bottom (ds_bottom) are
identified from the last 10 seconds of reliable data. Sec-
ond, the ds_top and ds_bottom are adjusted in a manner
such that they do not change significantly from the pre-
vious ds_top (p_ds_top) and the previous ds_bottom
(p_ds_bottom). For example, if the p_ds_top is greater
than ds_top, then ds_top could be reset to p_ds_top -
((p_ds_top - ds_top)/25+1). If p_ds_top less than ds_top
then ds_top could be reset to p_ds_top + ((ds_top -
p_ds_top)/4 + 1). If p_ds_bottom is greater than
ds_bottom then ds_bottom could be reset to
p_ds_bottom - ((p_ds_bottom - ds_bottom)/2 + 1). If
p_ds_bottom is less than ds_bottom then ds_bottom can
be reset to ((ds_bottom - p_ds_bottom)/25+1). Thus,
r_top would be equal to the adjusted ds_top and r_bottom
would be equal to the adjusted ds_bottom. A p-p would
be considered "in range" if it is between r_bottom and
r_top.
[0087] The above-described methodology can accom-
plish three objectives. First, it allows the range to dynam-
ically increase and decrease. Secondly, the range can
expand faster than it contracts. Third, the bottom of the
range can expand faster than the top of the range. There
are a number of ways to implement these methods and
any implementation that accomplishes any of these three
objectives is intended to be within the scope of the
present invention.
[0088] Yet another alternative includes converting the
computed pp range to a range of pulse rate values (prv)
and comparing each newly detected prv (60,000/pp) to
the pulse rate range. "In range" could be determined by
whether or not the new prv was less than the maximum
prv (max_prv) and greater than the minimum prv
(min_prv). Or, "in range" could refer to whether or not the

new prv was sufficiently close to the range of prv values.
For example, the range top and range bottom could be
expanded by a determined number of beats (i.e. max_prv
= max_prv + 9 and min_prv = min_prv - 9). Thus, any
new prv that is within 9 bpm of the data set range could
be considered ’in range’.
[0089] As with pp ranges, prv range calculations can
also be dynamic. That is, as new prv’s arrive, the range
could be recalculated if the new prv is considered to be
reliable (e.g., IBI is not too large).
[0090] Another method for increasing error detection
capabilities is to use two threshold values for determining
how close a new IBI is from the previous IBI. For example,
if the new IBI is less than the low threshold, it can be
considered a "small jump". If the new IBI is between the
two thresholds, it can be considered a "significant jump".
And if the new IBI is higher then the second threshold, it
can be considered a "large jump". Thus, as new values
come in, they could be assessed as to whether the new
value is "in range" or "out of range", and whether the new
IBI is a small jump, significant jump, or large jump. De-
cisions on whether to display the value, use the value for
updating the range, and/or whether to correct the value
may be based upon such assessments.
[0091] Any heart rate related interval may be used for
determining the significance of IBI levels. For example,
the inter-beat interval difference of two prvs (the prv IBI)
could be used when assessing the proximity of the new
pulse value to the previous pulse values. Thus, IBI’s can
be computed and assessed for pp intervals, prv values,
rr intervals, hr values and the like.
[0092] Still another alternative includes using the di-
rection of the IBI change to determine whether the jump
is small, significant, or large. When a person is physically
still, pulse rates can rise or fall at different rates. Thus,
different thresholds could be used depending on the di-
rection of the change. For example, a prv IBI that’s great-
er than the previous prv IBI could be considered to be a
small jump up if it is less than 8 bpm, a significant jump
up if it is between 8 - 15 bpm, and a large jump up if it is
greater than 15 bpm. And a prv IBI that’s smaller than
the previous prv IBI could be considered a small jump if
it is less than 8 bpm, a significant jump if it is between 8
- 12 bpm, and a large jump if it is greater than 12 bpm.
[0093] Yet another exemplary embodiment includes
basing the prv IBI thresholds on the location of the pre-
vious prv in the range. If the previous prv is already toward
the top of the range, the threshold could be set smaller,
since in theory, one would not want the next prv to jump
too far outside the range. Likewise, if the previous prv is
already toward the bottom of the range, the prv thresholds
for jumping down could be decreased. Thus, examples
of prv IBI thresholds based on the location of the previous
prv in the range could include: ((r_top -
prev_prv)(1/3))+10 for a small jump up, ((r_top -
prev_pr)(2/3))+15 for a large jump up, ((prev_prv -
r_bottom)(1/2))+10 for a small jump down, and
((prev_prv - r_bottom) x (2/3))+15 for a large jump down.
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[0094] Yet another exemplary embodiment is to add a
third test such as direction when determining if a new
heart rate interval point needs to be corrected. For ex-
ample, if the point fails the IBI and the range tests, but is
closer to the range then the previous heart rate interval
point, then it could still be considered acceptable.
[0095] In certain circumstances and implementations,
a marginal improvement may be obtainable by combining
the dynamic range method, the double IBI threshold
method with different thresholds based upon direction,
and the heart rate interval direction method. An example
of such a combination is as follows. As each new prv is
calculated (60,000/pp), it can first be assessed whether
or not it is ’immediately displayable’. If the prv is a small
jump up or small jump down (using appropriate thresh-
olds) it is ’immediately displayable’ and therefore is im-
mediately displayed. If it is a significant jump but is ’in
range’ then it is ’immediately displayable’ and therefore
is immediately displayed. Otherwise, it could be reeval-
uated by direction to see if it is displayable. If the current
prv is closer to the range than the previous prv, then it is
still displayed. Otherwise, it is not displayed and must be
corrected.
[0096] Combinations of the above-described methods
also may be used to determine when a value was ’relia-
ble’ or not. That is, these methods may be used to de-
termine whether a new prv should be used in recalculat-
ing the dynamic range. For example, if the new prv is a
small jump, it could be considered ’reliable’. If the new
prv is a significant jump, but is ’in range’ then it could be
considered ’reliable’. And if the new prv is a significant
jump and ’out of range’ but is closer to the range than
the previous prv, then it can be considered ’reliable’.
[0097] In deciding which methods to employ to detect
and correct errors in a data set, one should consider the
hardware stability, use environment, and other factors to
determine if the degree of potential statistical advantage
of complex combinatorial methods offers a greater prac-
tical utility over the basic IBI/range methodology. In most
situations the basic IBI/range strategy is quite sufficient.
If, however, significant movement, sunlight, pressure and
similar factors are expected to be present, the additional
statistical methodology described above may be imple-
mented to provide even greater accuracy in detection
and correction of errors in a data set.

Resolution of Scaling Problems and Identification of 
Rhythmic Breathing

[0098] Methods and devices according to exemplary
embodiments of present invention not only use wave in-
formation to assess stress, determine an accurate aver-
age heart rate, and provide feedback on the wave fre-
quency, but also use the wave information to innovatively
scale the area of the display where the waves are shown.
[0099] The amplitude of RSA waves can vary signifi-
cantly from person to person. As described earlier, RSA
amplitude depends on the individual’s age, sex, fitness

level, breathing pattern, and more. While large display
screens can accommodate large waves or small waves,
small display screens on portable devices require sophis-
ticated scaling. Thus, if the scale on a small display is
too small, then large waves will not fit on the display. If
the scale is too large, then the shape and size of small
waves will become indiscernible. And if the scale is too
dynamic and adjusts too frequently, then large waves
and small waves will appear to be the same size, and
the user will not be able to discern whether or when his
breathing pattern has changed.
[0100] Devices according to the exemplary embodi-
ments of the present invention can solve the scaling issue
by adjusting the display scaling differently during two
stages. The first stage lasts from the time the device is
powered on until the user begins to breathe rhythmically.
The second stage lasts from the time the device detects
rhythmic breathing until the device is turned off. During
stage 1, a very basic scaling technique can be imple-
mented. During stage 2, an innovative approach can be
employed so the user can accurately assess when his
breathing has become more shallow (less deep).
[0101] For example, when the device is first turned on,
the scaling is preferably zoomed in to a small, preset
value. Then, the device zooms out whenever a pulse rate
point is encountered that is greater than highest value or
lesser than the lowest value that can be plotted using the
current zoom level. The scale is zoomed out such that
the new pulse point is plotted at the edge of the device
display area. To give the user an idea of scale, the device
only zooms out, not in, at the beginning. The display also
zooms back in after large waves have exited the screen,
so that the full height of the display is used from top to
bottom. The display continually zooms in and out such
that the data points being shown consume the full range
of the display at all times until the user begins rhythmic
breathing.
[0102] Once the user begins to breathe rhythmically,
the device seeks to encourage him to breathe deeply. If
the device continued to automatically zoom in when small
waves appear, then the small waves produced by shallow
breathing will appear the same size as the large waves
produced by deep breathing. This will not allow a user to
visually discern his depth of breathing from the size of
the waves.
[0103] Devices according to exemplary embodiments
of the present invention use the wave information to de-
tect rhythmic breathing. Rhythmic breaths produce
waves with uniform wavelengths, frequencies, ampli-
tudes, peak to peak times, and peak placement times
(Fig. 35). By measuring the variance of one or more of
these wave feature parameters, rhythmic breathing can
be identified. Exemplary embodiments calculate the var-
iation of the wavelengths and amplitudes of the last three
waves. When both of these variations are low, then rhyth-
mic breathing is considered to have begun.
[0104] One method of determining variance, and thus
establishing when a variance is small, can be based on
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the percent relative deviation. This method is useful when
comparing the variation of two or more values (e.g., peak-
to-peak times, wavelengths, frequencies, etc.). This may
be done as described below. First the mean (average)
of the values can be determined. Then the sum of the
difference (sum_dif) of each value from the average can
be computed. The sum can be divided by the average x
number of values. For example, consider four wave-
lengths: 10, 8, 10, 8 seconds. The average is 9. The sum
of the differences from the mean is 4 (10 is 1 away, plus
8 is 1 away, plus 10 is 1 away, plus 8 is 1 away). Thus 4
is divided by the mean x number of values (4 /(9 x 4)).
Thus the percent relative mean deviation is 11.1%. Con-
sider four amplitudes: 30, 28, 30, 28 bpm. Although the
deviation is also 4 as in the previous example, the percent
relative mean deviation is only 3.4%. Thus, percent rel-
ative mean deviation automatically scales itself to the
range of the values being analyzed.
[0105] The variance of any of the wave features can
be analyzed alone or in combination using numerous
methods. The preferred embodiment employees percent
relative mean deviation. The greater the resulting per-
centage, the greater the variance. A variance threshold
could be set to determine if rhythmic breathing has com-
menced. For example, if three or more waves have a
variation in a wave feature less than 20%, one may con-
clude that rhythmic breathing has commenced. In a pre-
ferred embodiment, rhythmic breathing is considered to
have commenced when the variation of the wavelength
and amplitude of the last three waves is less than 10%
each.
[0106] Once rhythmic breathing has begun, the can
keep track of the largest amplitude (maximum amplitude)
formed by the resulting rhythmic waves. The device con-
tinues to determine if the user is still breathing rhythmi-
cally with, for example, each and every wave. As long as
the user continues to breathe rhythmically, the device
will continue to look for the largest amplitude (maximum
amplitude). If a newly formed rhythmic wave has a higher
amplitude than the current maximum amplitude, then the
maximum amplitude can be readjusted to be equal to the
new amplitude. In general, the display does not zoom in
more than the maximum amplitude. That is, the display
scale can be set such that a wave with an amplitude equal
to the max amplitude would fully consume the screen
from top to bottom. The zoom level can be set to not
exceed this set point. As a result, the device can zoom
out, but it may not zoom in beyond the set point deter-
mined by the maximum amplitude. In this way, users will
notice when they are breathing shallowly, because they
will see the relatively smaller waves (relative to the max-
imum amplitude) on the screen.
[0107] Sometimes an erroneous wave (a wave with
corrected errors that is incorrectly reconstructed) can
have the largest amplitude. This large amplitude may be
erroneously high. Also, a person’s largest possible am-
plitude can degrade with time until their lungs become
used to rhythmic breathing. That is, as their lungs become

tired, they will not be able to reproduce waves with am-
plitudes equal to the maximum amplitude. Since the de-
vice should not frustrate the user, but rather encourage
him to produce the largest waves that he comfortably
can, the device can decrease the maximum amplitude
value over time if a successive series of waves do not
come sufficiently close to the maximum amplitude. In pre-
ferred embodiments, if three consecutive rhythmic waves
have amplitudes less than 80% of the max amplitude,
the maximum amplitude may be readjusted using the fol-
lowing formula: (largest amplitude of the last three
waves) x (100/85). Another alternative is to continually
decrease the maximum amplitude until the waves are
sufficiently close to occupying the display from top to bot-
tom. For example, the maximum amplitude could be dec-
remented by 5% every time a newly formed rhythmic
wave has an amplitude less than 80% of the current max
amplitude. Another way to use amplitudes would be to
take the highest average amplitude. For example, the
average amplitude of the last three waves could be cal-
culated every time a new wave is encountered. The high-
est average amplitude can be used as the minimum set
point.
[0108] The use of high amplitudes which occur in rhyth-
mic breathing to establish set points is a novel and useful
component of the disclosed invention. Any scaling based
upon amplitude, range, variance, or deviation is intended
to be within the scope of this invention. For example, the
standard deviation of the data set, or subset of the data,
could be determined. The maximum zoom level could be
set such that values with a certain probability relative to
the deviation consume the screen. For example, all val-
ues that have an 80% probability of being within the
standard deviation would fill the screen from top to bot-
tom.

Exemplary System and Software Process

[0109] An exemplary embodiment of the present in-
vention can be implemented, for example, as a process
stored in a memory of a data processing device, such
as, for example, a computer.
[0110] Such a process, can, for example, be in the form
of software, and can, for example, be executed by a data
processor or CPU and the results displayed on a display,
such as, for example, a CRT, plasma or other computer
display as is known in the art. Thus, for example, such
software can be implemented on a system comprising a
CPU, a memory, and a display, all connected by one or
more busses or data pathways. Fig. 55 depicts such an
exemplary system.
[0111] With reference thereto, there is provided an I/O
or input/output interface 5501, a CPU 5505 and a memory
5510. The three components of the exemplary system
are communicably connected via a system bus 5520. As
noted, system bus 5520 is a logical component, and in
any given embodiment, can comprise a plurality of inter-
connections between system elements. Given such an
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exemplary system, a software process can be loaded in
memory 5510 and executed in CPU 5505. Moreover a
user can provide input to the process via the I/O 5501,
and output to user by way of visual, auditory, tactile, or
other means can be provided to a user also using the
I/O. Such I/O can comprise a physical interface device,
comprising one or more sensors, or can, for example,
comprise one or more of a microphone and one or more
speakers, a keyboard, mouse and visual display, and a
tactile input and output mechanism.
[0112] Additionally, such a software process can, for
example, be expressed using any appropriate computer
language or combination of languages using known tech-
niques, and can be, for example, implemented as an em-
bedded system or a conventionally stored program of
instructions using known techniques. Such a software
process can be implemented, for example, on a device
which can be used to evaluate stress in humans, as de-
scribed above.
[0113] Such an exemplary software process can have,
for example, a top level process that interacts with a user
by displaying messages to a user and by, for example,
continually looking for and responding to various user
actions, such as, for example, a user pressing a breathing
guidance button or a pulse emanating from a user’s fin-
ger. Such an exemplary software process is depicted in
Figs. 36-54, as next described. It is noted that Figs.
8(a)-(b), described above, integrate with this exemplary
software process, and thus the "process_waves" subrou-
tine, described below in connection with Fig. 49, calls the
subroutine "get_waves" depicted in Figs 8(a)-(b).
[0114] Figs. 36-37 depict an exemplary top level proc-
ess, which can control what is displayed to a user and
can, for example, respond to user actions. This top level
process essentially initializes variables and then waits
for interrupts to which it responds. With reference to Fig.
36, at 3601 variables can be initialized. This initialization
can include, for example, setting the device mode to
"Spontaneous" and setting the values for the following
variables to zero: number of raw timesteps, number of
timesteps, number of pp intervals, number of interbeat
intervals, error_sum, number of waves, number of pp in-
tervals and number of pp interval timesteps, as well as
setting the variable state to RAW. This initialization can,
for example, be implemented according to the following
pseudocode: n_rt = 0; n_ts = 0; n_pp = 0; n_ibi = 0; state
= RAW; err_sum = 0; n_waves = 0; n_val4 = 0; n_ppts = 0.
[0115] Continuing with reference to Fig. 36, at 3602,
for example, an "Insert Finger" message can be dis-
played to a user. At 3603, the process waits for an inter-
rupt, taking no further action until one occurs. At 3604, if
a finger is inserted by a user then at 3610, for example,
the device begins calibration, the display message is up-
dated and the interrupt cleared, returning to 3602.
[0116] Process flow for this exemplary top level proc-
ess continues as depicted in Fig. 37. With reference to
Fig. 37, at 3710, if a user presses the breathe button, as
described above, this can trigger a Breathe Button

Pressed Interrupt. Process flow then moves to 3720, for
example, where the device mode is set to "Guided", the
variable Start set to be the current time and the interrupt
cleared. Process flow can then move to 3721, where a
clock interrupt can be, for example, set to 100 millisec-
onds. Process flow can then move to 3730, where the
Guided Mode display can be presented to the user. Proc-
ess flow then returns through breakpoint 2 in Fig. 37 back
to 3603 of Fig. 36, where the top level process again
waits for another interrupt to occur. This brings process
flow back to Fig. 37 through breakpoint 1 where, at 3711,
for example, if a clock interrupt occurs, process flow
moves to 3703, and tests whether less than two minutes
have elapsed from the time the user pressed the Breathe
Button at 3710 and entered Guided Mode. If it is still less
than two minutes, process flow can move through 3731
to 3730 where the Guided Mode display can be, for ex-
ample, updated. If at 3703, for example, it has been long-
er than two minutes since the user pressed the Breathe
Button, then process flow can move to 3702, the Mode
variable is reset to "Spontaneous", and process flow
moves to 3701 where, for example, the Spontaneous
Mode display is restored.
[0117] Finally, with respect to Fig. 37, at 312, if a pulse
is detected, a Pulse Detected Interrupt occurs, and proc-
ess flow moves, for example, to 3713, where the Process
Pulse subroutine is called. This ends the exemplary top-
level process depicted in Figs. 36 and 37.
[0118] Figs. 38-42 depict process flow of an exemplary
main routine according to an exemplary embodiment of
the present invention, entitled Process Pulse. Process
Pulse calls the subroutines error_correction (Figs.
43-45), error_detection (Figs. 46-47), initialize_range
(Fig. 48) and process_waves (Figs. 49-50). In turn,
process_waves calls subroutines get_waves (Figs.
8(a)-(b)) and determine_stress (Figs. 51-53). Thus all of
the subroutines are called, directly or indirectly, by Proc-
ess Pulse.
[0119] With reference to Fig. 38, at 3802, the raw
timestep rt[n_rt], which is rt[0], given the initialization at
3601 of Fig. 36, is set to the current time in milliseconds,
and n_rt, or the number of raw timesteps, is preincre-
mented. Then, for example, at 3803, 3804 and 3805, the
variable state can be tested for being RAW, DETECTION
or CORRECTION to determine whether the data is as-
sumed to be error-free, suspect or erroneous, and ac-
cordingly along which path process flow will continue. If
state = CORRECTION the data path beginning at 3805
will be taken, calling an error_correction subroutine at
3805. If state = DETECTION, the data path beginning at
3804 will be taken, ultimately calling an error_detection
subroutine at 3910 of Fig. 39. These two data pathways
ultimately arrive at 4011 of Fig. 40. If state = RAW, proc-
ess flow can continue directly to 3901 of Fig. 39 where
timing variables are initialized, including preincrementing
n_ts, a variable that tracks the number of timesteps, and
through 3902 where n_ts is verified to be greater than
one. If that is the case, at 3903, for example, n_val, the
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number of pp intervals to be assigned, can, for example,
be set equal to 1, and process flow can continue, through
breakpoint 9, to 4010 of Fig. 40, and through to 4011.
When process flow reaches 4011 there are one or more
pp values needing to be assigned.
[0120] Thus, at 4011, each pp value is assigned a value
and if there are more than one pp values (i.e., n_val >1)
then the actual time steps can be generated, and the
instantaneous pulse rate is displayed, which is the fre-
quency of the current pp interval determined by
(60000/pp[n_pp-1]). From 4011 process flow continues
to 4110, where if there are more than one pp values,
calculation of interbeat intervals (IBI’s) is possible. This
at 4110 the process tests for this condition, and if yes,
IBI values can, for example, be calculated at 4111. If not,
process flow can loop back to 4010. At 4111, once IBI
values are calculated, process flow moves to 4201 to test
how many pp values there are. If there are more than 8,
i.e., at least 9, then there is sufficient data to identify a
level 4 valley. Once there is are at least two level 4 valley
points, i.e., num_val4 > 1 at 4212 the exemplary process
can look for RSA waves, as described above. Thus, a
yes at 4212 can, for example, cause the process flow to
call a process_waves subroutine at 4213.
[0121] Figs. 43-45 depict an exemplary process flow
for an error correction subroutine. As described above in
connection with the exemplary Process Pulse routine, at
3805 of Fig. 38, an error correction subroutine is called.
With reference to Fig. 43, process flow begins at 4301,
where the subroutine begins. At 4302, for example a var-
iable err_sum, which accumulates current pp interval
times, has the most recent pp interval added to it.
[0122] Additionally, the variable n_val is set to 0. Proc-
ess flow continues at 4303, where the new value for
err_sum is tested as to whether it is in range. If it is in
range, process flow can move, for example, to 4310,
where the variable n_val is set to 1, representing a correct
pp interval being identified, and the value of that pp in-
terval is set equal to the number of milliseconds in
err_sum, and process flow returns at 4320 to Process
Pulse. On the other hand, if at 4303 the tentative pp in-
terval time is not within range, process flow can move to
4304, where, for example, the subroutine tests whether
the current pp interval time is below the range. If yes,
process flow returns to 4302 and an additional pp interval
time is added to the variable err_sum. If no, then the
current sum is considered as too high and a suitable in-
teger must be found with which to divide it to create two
or more "in range" pp intervals. Process flow then con-
tinues from 4304 through breakpoint 20 to 4401 of Fig. 44.
[0123] There, test_integer = 2 is set as a test divisor
and process flow can move, for example, to 4402 where
a temporary variable tmp_val is set up to hold the quotient
of err_sum/test_integer, representing a possible actual
corrected pp interval. Process flow can then move to
4403, where, for example, tmp_val is tested for being
above the range. If yes, then at 4410, for example, the
test_integer variable is incremented and the proposed

division occurs one more time at 4402. On the other hand,
if at 4403 tmp_val is not above the range, than at 4404,
for example, tmp_val can again be tested for being within
the range, and if yes, process flow can move (through
breakpoint 21) to 4501 of Fig. 45.
[0124] At 4501 of Fig. 45, a count variable can be set
to 1, and at 4502, for example, the subroutine can query
whether count is less than the current value of test_ in-
teger. If no, then process flow can move, for example, to
4510, and the variable n_val can be set equal to
test_integer and at 4520, for example, return to Process
Pulse, at breakpoint 6 of Fig. 38. On the other hand, if
count is less than test_integer at 4502, then process flow
can, for example, loop through 4503, 4504 and 4502,
incrementing the value of count each loop (at 4504) until
count equals test_integer, at which time process flow can
return to Process Pulse.
[0125] Next described is an exemplary error detection
subroutine with reference to Figs. 46-47.
[0126] With reference to Fig. 46, process flow begins
at 4601 and continues to 4602, where a current pp inter-
val is loaded into temporary (in the sense of tentatively
correct) pp interval tmp_pp.
[0127] At 4603, the tmp_pp is tested for being within
range. If yes, then n_val is set to 1 and val[0] is set equal
to tmp_pp at 4610 and at 4620 process flow returns to
the calling program, Process Pulse, in particular to 3911
in Fig. 39. However, if at 4603 tmp_pp is found to be out
of range then, at 4604, temporary interbeat interval var-
iable tmp_ibi is generated to use in detecting any errors
as described above. Process flow can then continue
(through breakpoint 22) to 4701 of Fig. 47, where tmp_ibi
is tested for being greater than half the lower end of the
range, which is a test for being too large, as described
above. If yes, there is assumed to be an error, and flow
continues to 4702, where the variable err_sum is set
equal to tmp_pp (err_sum is an input to the error correc-
tion subroutine described above), "state" is set to be
CORRECTION, and process flow can move, for exam-
ple, to 4703 where n_val is set to 0 and process flow
returns to Process Pulse, which can then, based on n_val
= 0 and state = CORRECTION, return at 3911 of Fig. 39
to 3820 of Fig. 38, and ultimately flow to an error-correc-
tion subroutine at 3805.
[0128] If at 4701 tmp_ibi is not greater than half of the
lower end of the range, in which case it is not considered
to be large and thus no error present in the pp interval
data, process flow can continue to 4710, and, for exam-
ple, test whether the tmp_pp is greater than the top of
the range. Because tmp_ibi was not found to be large at
4701, and thus no error is assumed present, if at 4710
the tmp_pp interval is stil larger than the existing top of
the range, the range needs to be recalculated using the
new pp interval as max_pp, which holds the value for the
maximum possible pp interval which is not the result of
an error in the data. At 4711, for example, max_pp can
be set equal to tmp_pp and, using this new value, at
4712, for example, the upper and lower ends of the range
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are recalculated. Flow can then continue, for example,
to 4713 where the n_val is set equal to 1 and val[0] is set
equal to the current pp interval, tmp_pp. At 4714, for ex-
ample, process flow can return to the calling routine Proc-
ess Pulse. If at 4710 the current pp interval is not greater
than the existing upper end of the range then, for exam-
ple, at 4720 the minimum possible pp interval is set equal
to the current pp interval. Then process flow continues
as described above through 4712, 4713 and 4714, where
process flow returns to the calling program.
[0129] With reference to Fig. 48, process flow for the
subroutine initialize_range is next described. This sub-
routine can be used in exemplary embodiments of the
present invention to calculate the range for pp intervals
within which the data is assumed to be error free, for use
in the error detection and correction routines. Beginning
at 4801 at the subroutine call, process flow moves, for
example, to 4802, where the variables min_pp and
max_pp are set using the following pseudocode: min_pp
= lowest pp in data set; max_pp = highest pp in data set.
Then, for example, at 4803, the upper and lower ends of
the range of data points used for error detection and cor-
rection, as described above. This can, for example, be
implemented using the following pseudocode:
range_high = max_pp + ((max_pp - min_pp)*0.25;
range_low = min_pp - ((max_pp - min_pp)*0.25). Using
these exemplary values, the range is now set, and at
4804 process flow returns to the calling routine, i.e., Proc-
ess Pulse. In particular, process flow returns to 4102 in
Fig. 41.
[0130] Figs. 49-50 depict an exemplary process flow
for a wave processing subroutine. In an exemplary em-
bodiment of the present invention, such a subroutine can
be called, for example, by a pulse acquisition processing
routine such as Process Pulse, as described above. After
the subroutine is called at 4901, for example, process
flow can continue at 4902, where the get_waves subrou-
tine described above can be called to input the waves
identified from the pulse data. Process flow continues,
for example, to 4903, where, given the acquired waves,
a score indicative of a user’s stress level reflected in the
identified waves can be assigned using an exemplary
determine_stress subroutine. Flow can then continue, for
example, to 4904 where the waves are sorted and the
instantaneous frequency calculated based on the current
pp interval using the expression frequency = 60000 /
(ppts[v2[n_waves-1]] - ppts[v1[n_waves-1]]), where
ppts[v] is the pulse point time stamp at data point v. From
there, for example, process flow can continue to 5001 on
Fig. 50, where a score between 0-3 can be assigned to
a user based upon the frequency of the current wave,
where a higher score indicates a lower stress level. At
5002, for example, the subroutine can, for example, dis-
play to the user each of his or her (i) stress level (obtained
from the call to determine_stress at 4903); (ii) frequency
(from 4904); and (iii) score (from 5001), at which point,
for example, at 5003, process flow can return to the call-
ing routine, Process Pulse.

[0131] Figs. 51-53 depict an exemplary subroutine for
determining a stress score. What is being measured is
how unrelaxed a given user is, by operating on the wave-
lengths of his or her RSA waves. With reference to Fig.
51, at 5104 the determine_stress subroutine calls
assigned_wavelengths, which assigns a wavelength be-
tween wl_lo and wl_high (which are set at 5102) to each
wave. Using these wavelengths and how many waves
there are (i.e., the value of n_waves), Figs. 51-52 depicts
process flow for each value of n_waves between 1 and
4. A score1 is determined at each of 5110, 5201, 5202
and 5203, which is a weighted sum of the differences
between each wave’s wavelength and w_lo, which meas-
ures how far off the baseline that particular wave is. Thus,
a perfect relaxation score would have a_w[n} = w_lo for
all n, and each score1 would equal zero. In alternate ex-
emplary embodiments of the present invention score1
can be calculated without weighting the sums of differ-
ences, and this is the method as described above. Score1
is what was described as the "wavelength" score. As can
be seen at each of 5110, 5201, 5202 and 5203, a "vari-
ance" score, score2 is also computed. Score 1 and
score2 can be combined at 5302 using a 70/30 relative
contribution factor to obtain score3. Other relative weight-
ings can be used in alternate exemplary embodiments
according to the present invention as may be found use-
ful. Score3 can be used to calculate stress-level using,
for example, the equation stress_level = (score3 - 21)*
(100/(100-21)). Stress_level is returned to
process_waves at 4903.
[0132] With reference to Fig. 54, an exemplary sub-
routine for assigning wavelengths to acquired waves is
depicted. This subroutine can be used, for example, in
the exemplary determine_stress routine depicted in Figs.
51-53, as described above, which takes wavelengths as
inputs. In an exemplary embodiment of the present in-
vention, process flow can begin at 5401 with a call to the
subroutine. At 5402 a counter variable n is set equal to
zero, and at 5403, for example, a current wavelength wl
is calculated by subtracting the timestamp of the current
v2 from that of the current v1, using the expression wl =
ts[v2[n]] - ts[v1[n]]. At 5404 and 5405, for example, the
value of wl is compared with that of wl_lo and wl_high,
which can be set in the calling subroutine as seen at 5102
of Fig. 51 (where, for example, they are set as 3 and 10,
respectively). If wl is less than wl_lo or higher than
wl_high, a_wl[n] is truncated at either wl_lo or wl_high,
as the case may be, and flow continues at 5407 where
the value of n is preincremented. If, however, wl has a
value between wl_low and wl_high, then, for example,
at 5406, a_wl[n] is set to wl, and process flow continues
to 5407. At 5408 the value of n is compared with that of
n_waves, to insure that each acquired wave has been
assigned a wavelength. If they are equal, at 5410, for
example, process flow ends for this subroutine, and re-
turns to 5105 n Fig. 51. If they are not equal, then flow
loops through 5403 for each acquired wave until all ac-
quired waves have been assigned wavelengths.
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Claims

1. A computer implemented method of identifying at
least one RSA (respiratory sinus arrhythmia) wave
in a subject, the method comprising:

recording heart rate related intervals over time,
each heart rate related interval being a point in
a data set,
analyzing heart rate related intervals sufficient
to delineate at least one individual RSA wave,
delineating at least one individual RSA wave,
wherein said delineation includes

a) identifying at least one transition point in
the data set, a transition point being a heart
rate related interval being located in time
between a directly adjacent smaller heart
rate related interval and a directly adjacent
larger heart rate related interval,
b) locating a highest number of consecutive
transition points in the data set, said con-
secutive transition points being a series of
consecutive ascending, alternatively de-
scending, transition points,
c) determining a wave depth for the data
set, the wave depth being equal to one of
the highest number of consecutive transi-
tion points in the data set, the absolute
number of transition points in the data set,
or a derived number based on the number
of transition points in the data set,
d) locating a first bottom point to the right of
said consecutive transition points where its
bottom level is equal to or greater than the
wave depth, a bottom point being a heart
rate related interval located between two di-
rectly adjacent larger heart rate related in-
tervals, and the bottom level of a bottom
point being the minimum of (1) the number
of consecutive heart rate related intervals
immediately to the left of said bottom point
that are greater than or equal to said bottom
point and (2) the number of consecutive
heart rate related intervals immediately to
the right of said bottom point that are greater
than or equal to said bottom point, wherein
said first bottom point is a right valley point
of the at least one RSA wave,
e) locating a second bottom point to the left
of said consecutive transition points where
its bottom level is equal to or greater than
the wave depth, wherein said second bot-
tom point is a left valley point of the at least
one RSA wave,
f) finding a largest heart rate related interval
in the data set between the left valley point
and the right valley point, wherein said larg-

est heart rate related interval is a peak of
the at least one RSA wave,
g) assigning all the heart rate related inter-
vals in the data set from the left valley point
to the right valley point to said at least one
RSA wave, and
h) repeating steps a) through g) on the re-
maining heart rate related intervals in the
data set until all possible individual RSA
waves have been identified,

wherein, whenever a first individual RSA wave
and a second individual RSA wave of said at
least one individual RSA wave, the second in-
dividual RSA wave being immediately to the
right of the first individual RSA wave, have

- a the ratio between the peak-to-right-valley
difference of the first individual RSA wave
and the peak-to-left-valley difference of said
first individual RSA wave being less than
0.5,
- a ratio between the peak-to-left-valley dif-
ference of the second individual RSA wave
and the peak-to-right-valley difference of
said second individual RSA wave being less
than 0.5, and
- a ratio between the peak-to-left-valley dif-
ference of the first individual RSA wave and
the peak-to-right-valley difference of the
second individual RSA wave being greater
than 0.75,

the method comprises the further step of replac-
ing said first and second individual RSA waves
by a single individual RSA wave with a left valley
point being the left valley point of the first indi-
vidual RSA wave, a right valley point being the
right valley point of the second individual RSA
wave, and a peak being the highest of the peak
of the first individual RSA wave and the peak of
the second individual RSA wave.

2. The method of claim 1, wherein the heart rate related
interval is a pp interval.

3. The method of claim 1, wherein the heart rate related
interval is an rr interval.

4. The method of claim 1 further comprising:

providing a human subject with near real-time
RSA wave information derived from said at least
one individual RSA wave for use in reducing
stress in the human subject.

5. The method of claim 1, further comprising:
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comparing at least two consecutive RSA waves;
and
determining when there is a small variation in at
least one wave feature of the at least two con-
secutive RSA waves for identifying rhythmic
breathing.

6. The method of claim 5, wherein the wave feature is
selected from the group consisting of wavelength,
frequency, amplitude, peak to peak time, and peak
placement time, alone or any combination.

7. The method of claim 6, wherein the wave feature is
wavelength and the small variation is 20% or less
relative mean deviation.

8. The method of claim 6, wherein the wave feature is
frequency and the small variation is 20% or less rel-
ative mean deviation.

9. The method of claim 6, wherein the wave feature is
amplitude and the small variation is 20% or less rel-
ative mean deviation.

10. The method of claim 6, wherein the wave feature is
peak to peak time and the small variation is 20% or
less relative mean deviation.

11. The method of claim 6, wherein the wave feature is
peak placement time and the small variation is 20%
or less relative mean deviation.

12. The method as claimed in claim 1, further comprising
the step of detecting erroneous data relating to RSA
wave delineation, said step of detecting comprising:

identifying at least 2 consecutive heart rate re-
lated intervals having an interbeat interval time
less than a predetermined threshold or a thresh-
old derived from a heart rate related interval set,
wherein the interbeat interval time is the abso-
lute time difference between consecutive heart
rate related intervals;
calculating a range for the interbeat interval
times of the at least 2 consecutive heart rate
related intervals; and
comparing each subsequent heart rate related
interval with the calculated range to determine
if it is within said range.

13. The method of claim 1, further comprising the step
of correcting erroneous data relating to RSA wave
identification, said step of correcting comprising:

identifying a heart rate related interval which is
both not within a predetermined range and has
an interbeat interval time greater than a thresh-
old;

calculating a corrected heart rate related interval
wherein
if the first heart rate related interval is less than
the predetermined range, adding subsequent
heart rate related intervals to the first heart rate
related interval until the sum of said intervals is
within or above the predetermined range;
if the first heart rate related interval or sum of
said intervals is greater than the predetermined
range and not divisible by an integer, adding
subsequent heart rate related intervals to the
first heart rate related intervals until the sum of
said intervals is divisible by an integer such that
the quotient is within the predetermined range;
and
creating a corrected RSA wave based on the
corrected heart rate related interval.

14. The method of claim 1, further comprising the step
of adjusting scaling on the display of a portable bio-
feedback device during rhythmic respiration of a sub-
ject, said step of adjusting comprising:

determining the highest amplitude of RSA
waves over time; and
maintaining the scaling to correspond to the larg-
est wave formed during respiration.

15. A handheld, portable biofeedback device for reduc-
ing stress in a human subject, the device comprising:

a housing:

a PPG sensor disposed in the housing,
wherein the PPG sensor generates data
from the human subject;
a control system coupled to the PPG sen-
sor; and
a display screen,

wherein the control system is configured to proc-
ess data from the human subject for output to
the display screen, the output data providing the
human subject with information associated with
the human subject’s stress level; and
wherein the housing, PPG sensor, control sys-
tem and display screen form an integrated struc-
ture,

wherein during respiration of a human subject said
control system is configured to record multiple heart
rate related intervals of the subject, each heart rate
related interval being a point in a data set; to analyze
heart rate related intervals sufficient to delineate at
least one individual RSA (respiratory sinus arrhyth-
mia) and to delineate at least one individual RSA
wave, said delineation including:
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a) identifying at least one transition point in the
data set, a transition point being a heart rate
related interval being located in time between a
directly adjacent smaller heart rate related inter-
val and a directly adjacent larger heart rate re-
lated interval,
b) locating a highest number of consecutive tran-
sition points in the data set, said consecutive
transition points being a series of consecutive
ascending, alternatively descending, transition
points,
c) determining a wave depth for the data set, the
wave depth being equal to one of the highest
number of consecutive transition points in the
data set, the absolute number of transition points
in the data set, or a derived number based on
the number of transition points in the data set,
d) locating a first bottom point to the right of said
consecutive transition points where its bottom
level is equal to or greater than the wave depth,
a bottom point being a heart rate related interval
located between two directly adjacent larger
heart rate related intervals, and the bottom level
of a bottom point being the minimum of (1) the
number of consecutive heart rate related inter-
vals immediately to the left of said bottom point
that are greater than or equal to said bottom
point and (2) the number of consecutive heart
rate related intervals immediately to the right of
said bottom point that are greater than or equal
to said bottom point, wherein said first bottom
point is a right valley point of the at least one
RSA wave,
e) locating a second bottom point to the left of
said consecutive transition points where its bot-
tom level is equal to or greater than the wave
depth, wherein said second bottom point is a left
valley point of the at least one RSA wave,
f) finding a largest heart rate related interval in
the data set between the left valley point and the
right valley point, wherein said largest heart rate
related interval is a peak of the at least one RSA
wave,
g) assigning all the heart rate related intervals
in the data set from the left valley point to the
right valley point to said at least one RSA wave,
and
h) repeating steps a) through g) on the remaining
heart rate related intervals in the data set until
all possible individual RSA waves have been
identified,

wherein, whenever a first individual RSA wave and
a second individual RSA wave of said at least one
individual RSA wave, the second individual RSA
wave being immediately to the right of the first indi-
vidual RSA wave, have

- a ratio between the peak-to-right-valley differ-
ence of the first individual RSA wave and the
peak-to-left-valley difference of said first individ-
ual RSA wave being less than 0.5,
- a ratio between the peak-to-left-valley differ-
ence of the second individual RSA wave and the
peak-to-right-valley difference of said second in-
dividual RSA wave being less than 0.5, and
- a ratio between the peak-to-left-valley differ-
ence of the first individual RSA wave and the
peak-to-right-valley difference of the second in-
dividual RSA wave being greater than 0.75,

the control system is further configured to replace
said first and second individual RSA waves by a sin-
gle individual RSA wave with a left valley point being
the left valley point of the first individual RSA wave,
a right valley point being the right valley point of the
second individual RSA wave, and a peak being the
highest of the peak of the first individual RSA wave
and the peak of the second individual RSA wave.

16. The device of claim 15, wherein the housing includes
a power source.

17. The device of claim 15, wherein power is provided
by an A/C source.

18. The device of claim 15, wherein the heart rate related
interval is a pp interval.

19. The device of claim 15, wherein the heart rate related
interval is an r-r interval.

20. The device of claim 15, further comprising a breath-
ing metronome capable of being activated by a sub-
ject, wherein the breathing metronome is pro-
grammed to deactivate after a predetermined period
of time.

21. The device of claim 15, wherein the device is con-
figured to extract information related to respiration
of a subject.

22. The device of claim 21, wherein the information re-
lated to respiration includes rate, rhythm and volume.

23. A computer program product comprising a computer
usable medium having computer readable program
code means embodied therein, the computer read-
able program code means in said computer program
product comprising means for causing a computer
to carry out the steps of the method of claim 1 when
said computer readable program code means is car-
ried out on a computer.

24. A program storage device readable by a machine,
tangibly embodying a program of instructions exe-
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cutable by the machine to perform a method as
claimed in claim 1.

Patentansprüche

1. Computerumgesetztes Verfahren zum Identifizieren
mindestens einer RSA (respiratorischen Sinus-Ar-
rhythmie)-Welle in einem Subjekt, wobei das Ver-
fahren Folgendes umfasst:

Aufzeichnen von herzfrequenzbezogenen Inter-
vallen im Laufe der Zeit, wobei jedes herzfre-
quenzbezogene Intervall ein Punkt in einem Da-
tensatz ist,
Analysieren der herzfrequenzbezogenen Inter-
valle, das ausreicht, um mindestens eine indivi-
duelle RSA-Welle abzugrenzen,
Abgrenzen mindestens einer individuellen RSA-
Welle, wobei die Abgrenzung Folgendes auf-
weist:

a) Identifizieren mindestens eines Über-
gangspunkts in dem Datensatz, wobei ein
Übergangspunkt ein herzfrequenzbezoge-
nes Intervall ist, das zeitlich zwischen einem
direkt benachbarten kleineren herzfre-
quenzbezogenen Intervall und einem direkt
benachbarten größeren herzfrequenzbe-
zogenen Intervall liegt,
b) Orten einer höchsten Anzahl aufeinander
folgender Übergangspunkte in dem Daten-
satz, wobei die aufeinander folgenden
Übergangspunkte eine Reihe aufeinander
folgender ansteigender alternativ abstei-
gender Übergangspunkte ist,
c) Bestimmen einer Wellentiefe für den Da-
tensatz, wobei die Wellentiefe gleich der
höchsten Anzahl aufeinander folgender
Übergangspunkte in dem Datensatz oder
der absoluten Anzahl von Übergangspunk-
ten in dem Datensatz oder einer abgeleite-
ten Anzahl basierend auf der Anzahl von
Übergangspunkten in dem Datensatz ist,
d) Orten eines ersten Grundpunkts nach
rechts der aufeinander folgenden Über-
gangspunkte, wobei sein Grundniveau
gleich oder größer ist als die Wellentiefe,
wobei ein Grundpunkt ein herzfrequenzbe-
zogenes Intervall ist, das zwischen zwei di-
rekt benachbarten größeren herzfrequenz-
bezogenen Intervallen liegt, und das Grund-
niveau eines Grundpunkts das Minimum (1)
der Anzahl aufeinander folgender herzfre-
quenzbezogener Intervalle unmittelbar
nach links von dem Grundpunkt ist, die grö-
ßer oder gleich sind wie der Grundpunkt,
und (2) der Anzahl aufeinander folgender

herzfrequenzbezogener Intervalle unmittel-
bar nach rechts des Grundpunkts ist, die
größer oder gleich dem Grundpunkt sind,
wobei der erste Grundpunkt ein rechter Tal-
punkt der mindestens einen RSA-Welle ist,
e) Orten eines zweiten Grundpunkts nach
links der aufeinander folgenden Über-
gangspunkte, wobei sein Grundniveau
gleich oder größer ist als die Wellentiefe,
wobei der zweite Grundpunkt ein linker Tal-
punkt der mindestens einen RSA-Welle ist,
f) Finden eines größten herzfrequenzbezo-
genen Intervalls in dem Datensatz zwi-
schen dem linken Talpunkt und dem rech-
ten Talpunkt, wobei das größte herzfre-
quenzbezogene Intervall eine Spitze min-
destens einer RSA-Welle ist,
g) Zuweisen aller herzfrequenzbezogenen
Intervalle in dem Datensatz von dem linken
Talpunkt zu dem rechten Talpunkt zu min-
destens einer RSA-Welle, und
h) Wiederholen der Schritte a) bis g) auf den
restlichen herzfrequenzbezogenen Inter-
vallen in dem Datensatz, bis alle möglichen
individuellen RSA-Wellen identifiziert wur-
den,

wobei, wenn eine erste individuelle RSA-Welle
und eine zweite individuelle RSA-Welle der min-
destens einen individuellen RSA-Welle, wobei
die zweite individuelle RSA-Welle unmittelbar
nach rechts von der ersten individuellen RSA-
Welle liegt,

- ein Verhältnis zwischen Spitze-zu-rech-
tem-Tal-Unterschied der ersten individuel-
len RSA-Welle und dem Spitze-zu-linkem-
Tal-Unterschied der ersten individuellen
RSA-Welle niedriger als 0,5 haben,
- ein Verhältnis zwischen Spitze-zu-linkem-
Tal-Unterschied der zweiten individuellen
RSA-Welle und dem Spitze-zu-rechtem-
Tal-Unterschied der zweiten individuellen
RSA-Welle niedriger als 0,5 haben, und
- ein Verhältnis zwischen dem Spitze-zu-lin-
kem-Tal-Unterschied der ersten individuel-
len RSA-Welle und dem Spitze-zu-rech-
tem-Tal-Unterschied der zweiten individu-
ellen RSA-Welle größer als 0,75 haben,

das Verfahren ferner den Schritt des Ersetzens
der ersten und zweiten individuellen RSA-Welle
durch eine einzige individuelle RSA-Welle mit
einem linken Talpunkt, der der linke Talpunkt
der ersten individuellen RSA-Welle ist, umfasst,
wobei ein rechter Talpunkt der rechte Talpunkt
der zweiten individuellen RSA-Welle ist, und ei-
ne Spitze die höchste Höhe der Spitze der ers-
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ten individuellen RSA-Welle und der Spitze der
zweiten individuellen RSA-Welle ist.

2. Verfahren nach Anspruch 1, wobei das herzfre-
quenzbezogenes Intervall ein pp-Intervall ist.

3. Verfahren nach Anspruch 1, wobei das herzfre-
quenzbezogene Intervall ein rr-Intervall ist.

4. Verfahren nach Anspruch 1, das ferner Folgendes
umfasst:

Versehen eines menschlichen Subjekts mit Na-
he-Echtzeit-RSA-Welleninformationen, die aus
der mindestens einen individuellen RSA-Welle
abgeleitet sind, zum Gebrauch beim Verringern
von Stress des menschlichen Subjekts.

5. Verfahren nach Anspruch 1, das ferner Folgendes
umfasst:

Vergleichen von mindestens zwei aufeinander
folgenden RSA-Wellen, und
Bestimmen, wenn eine kleine Variation mindes-
tens eines Wellenmerkmals der mindestens
zwei aufeinander folgenden RSA-Wellen be-
steht, um rhythmisches Atmen zu identifizieren.

6. Verfahren nach Anspruch 5, wobei das Wellenmerk-
mal aus der Gruppe ausgewählt ist, die aus Wellen-
länge, Frequenz, Amplitude, Spitze-Spitze-Zeit und
Spitzenplatzierungszeit allein oder in irgendeiner
Kombination besteht.

7. Verfahren nach Anspruch 6, wobei das Wellenmerk-
mal Wellenlänge ist und die kleine Variation 20 %
oder weniger relative mittlere Abweichung beträgt.

8. Verfahren nach Anspruch 6, wobei das Wellenmerk-
mal Frequenz ist und die kleine Variation 20 % oder
weniger relative mittlere Abweichung beträgt.

9. Verfahren nach Anspruch 6, wobei das Wellenmerk-
mal Amplitude ist und die kleine Variation 20 % oder
weniger relative mittlere Abweichung beträgt.

10. Verfahren nach Anspruch 6, wobei das Wellenmerk-
mal Spitze-zu-Spitze-Zeit ist und die kleine Variation
20 % oder weniger relative mittlere Abweichung be-
trägt.

11. Verfahren nach Anspruch 6, wobei das Wellenmerk-
mal Spitzenplatzierungszeit ist und die kleine Vari-
ation 20 % oder weniger relative mittlere Abwei-
chung beträgt.

12. Verfahren nach Anspruch 1, das ferner den Schritt
des Erfassens fehlerhafter Daten in Zusammenhang

mit RSA-Wellenabgrenzung umfasst, wobei der
Schritt des Erfassens Folgendes umfasst:

Identifizieren von mindestens 2 aufeinander fol-
genden herzfrequenzbezogenen Intervallen,
die eine Interbeat-Intervallzeit kleiner als ein
vorbestimmter Schwellenwert oder ein Schwel-
lenwert, der von dem herzfrequenzbezogenen
Intervallsatz abgeleitet ist, haben, wobei die In-
terbeat-Intervallzeit der absolute Zeitunter-
schied zwischen aufeinander folgenden herz-
frequenzbezogenen Intervallen ist,
Berechnen eines Bereichs für die Interbeat-In-
tervallzeiten der mindestens 2 aufeinander fol-
genden herzfrequenzbezogenen Intervalle, und
Vergleichen jedes aufeinander folgenden herz-
frequenzbezogenen Intervalls mit dem berech-
neten Bereich, um zu bestimmen, ob er inner-
halb des Bereichs liegt.

13. Verfahren nach Anspruch 1, das ferner den Schritt
des Korrigierens fehlerhafter Daten in Zusammen-
hang mit RSA-Wellenidentifikation umfasst, wobei
der Korrekturschritt Folgendes umfasst:

Identifizieren eines herzfrequenzbezogenen In-
tervalls, das sowohl nicht innerhalb eines vor-
bestimmten Bereichs ist als auch eine Interbeat-
Intervallzeit größer als ein Schwellenwert hat,
Berechnen eines korrigierten herzfrequenzbe-
zogenen Intervalls, wobei
falls das erste herzfrequenzbezogene Intervall
kleiner ist als der vorbestimmte Bereich, aufein-
ander folgende herzfrequenzbezogene Interval-
le zu dem ersten herzfrequenzbezogenen Inter-
vall hinzugefügt werden, bis die Summe der In-
tervalle innerhalb oder oberhalb des vorbe-
stimmten Bereichs liegt,
falls das erste herzfrequenzbezogene Intervall
oder die Summe der Intervalle größer ist als der
vorbestimmte Bereich und nicht durch eine
Ganzzahl teilbar ist, Hinzufügen aufeinander fol-
gender herzfrequenzbezogener Intervalle zu
den ersten herzfrequenzbezogenen Intervallen,
bis die Summe der Intervalle durch eine Ganz-
zahl derart teilbar ist, dass der Quotient inner-
halb des vorbestimmten Bereichs liegt, und
Schaffen einer korrigierten RSA-Welle basie-
rend auf dem korrigierten herzfrequenzbezoge-
nen Intervall.

14. Verfahren nach Anspruch 1, das ferner den Schritt
des Einstellens der Skalierung auf dem Display einer
tragbaren Biofeedback-Vorrichtung während rhyth-
mischen Atmens eines Subjekts umfasst, wobei der
Einstellschritt Folgendes umfasst:

Bestimmen der höchsten Amplitude von RSA-
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Wellen im Laufe der Zeit, und
Aufrechterhalten des Skalierens, um der
größten Welle zu entsprechen, die während der
Atmung gebildet wird.

15. Handgehaltene tragbare Biofeedback-Vorrichtung
zum Verringern von Stress eines menschlichen Sub-
jekts, wobei die Vorrichtung Folgendes umfasst:

ein Gehäuse,
einen PPG-Sensor, der in dem Gehäuse ange-
ordnet ist, wobei der PPG-Sensor Daten des
menschlichen Subjekts erzeugt,
ein Steuersystem, das mit dem PPG-Sensor ge-
koppelt ist, und
ein Display,

wobei das Steuersystem konfiguriert ist, um Daten
von dem menschlichen Subjekt zur Ausgabe zu dem
Display zu verarbeiten, wobei die Ausgabedaten
dem menschlichen Subjekt Informationen in Zusam-
menhang mit dem Stressniveau des menschlichen
Subjekts liefern, und
wobei das Gehäuse, der PPG-Sensor und das Dis-
play eine integrierte Struktur bilden,
wobei das Steuersystem konfiguriert ist, um wäh-
rend der Atmung eines menschlichen Subjekts meh-
rere herzfrequenzbezogene Intervalle des Subjekts
aufzuzeichnen, wobei jedes herzfrequenzbezogene
Intervall ein Punkt in einem Datensatz ist, die herz-
frequenzbezogenen Intervalle ausreichend zu ana-
lysieren, um mindestens eine individuelle RSA- (re-
spiratorischen Sinus-Arrhythmie)-Welle abzugren-
zen, und die mindestens eine individuelle RSA-Wel-
le abzugrenzen, wobei die Abgrenzung Folgendes
aufweist:

a) Identifizieren mindestens eine Übergangs-
stelle in dem Datensatz, wobei eine Übergangs-
stelle ein herzfrequenzbezogenes Intervall ist,
das zeitlich zwischen einem direkt benachbar-
ten kleineren herzfrequenzbezogenen Intervall
und einem direkt benachbarten größeren herz-
frequenzbezogenen Intervall liegt,
b) Orten einer höchsten Anzahl aufeinander fol-
gender Übergangspunkte in dem Datensatz,
wobei die aufeinander folgenden Übergangs-
punkte eine Reihe aufeinander folgender anstei-
gender alternativ absteigender Übergangs-
punkte ist,
c) Bestimmen einer Wellentiefe für den Daten-
satz, wobei die Wellentiefe gleich der höchsten
Anzahl aufeinander folgender Übergangspunk-
te in dem Datensatz oder der absoluten Anzahl
von Übergangspunkten in dem Datensatz oder
einer abgeleiteten Anzahl basierend auf der An-
zahl von Übergangspunkten in dem Datensatz
ist,

d) Orten eines ersten Grundpunkts nach rechts
der aufeinander folgenden Übergangspunkte,
wobei sein Grundniveau gleich oder größer ist
als die Wellentiefe, wobei ein Grundpunkt ein
herzfrequenzbezogenes Intervall ist, das zwi-
schen zwei direkt benachbarten größeren herz-
frequenzbezogenen Intervallen liegt, und das
Grundniveau eines Grundpunkts das Minimum
(1) der Anzahl aufeinander folgender herzfre-
quenzbezogener Intervalle unmittelbar nach
links von dem Grundpunkt ist, die größer oder
gleich sind wie der Grundpunkt, und (2) der An-
zahl aufeinander folgender herzfrequenzbezo-
gener Intervalle unmittelbar nach rechts des
Grundpunkts ist, die größer oder gleich dem
Grundpunkt sind, wobei der erste Grundpunkt
ein rechter Talpunkt der mindestens einen RSA-
Welle ist,
e) Orten eines zweiten Grundpunkts nach links
der aufeinander folgenden Übergangspunkte,
wobei sein Grundniveau gleich oder größer ist
als die Wellentiefe, wobei der zweite Grund-
punkt ein linker Talpunkt der mindestens einen
RSA-Welle ist,
f) Finden eines größten herzfrequenzbezoge-
nen Intervalls in dem Datensatz zwischen dem
linken Talpunkt und dem rechten Talpunkt, wo-
bei das größte herzfrequenzbezogene Intervall
eine Spitze mindestens einer RSA-Welle ist,
g) Zuweisen aller herzfrequenzbezogenen In-
tervalle in dem Datensatz von dem linken Tal-
punkt zu dem rechten Talpunkt zu mindestens
einer RSA-Welle, und
h) Wiederholen der Schritte a) bis g) auf den
restlichen herzfrequenzbezogenen Intervallen
in dem Datensatz, bis alle möglichen individu-
ellen RSA-Wellen identifiziert wurden,

wobei, wenn eine erste individuelle RSA-Welle und
eine zweite individuelle RSA-Welle der mindestens
einen individuellen RSA-Welle, wobei die zweite in-
dividuelle RSA-Welle unmittelbar nach rechts von
der ersten individuellen RSA-Welle liegt,

- ein Verhältnis zwischen Spitze-zu-rechtem-
Tal-Unterschied der ersten individuellen RSA-
Welle und dem Spitze-zu-linkem-Tal-Unter-
schied der ersten individuellen RSA-Welle nied-
riger als 0,5 haben,
- ein Verhältnis zwischen Spitze-zu-linkem-Tal-
Unterschied der zweiten individuellen RSA-
Welle und dem Spitze-zu-rechtem-Tal-Unter-
schied der zweiten individuellen RSA-Welle
niedriger als 0,5 haben, und
- ein Verhältnis zwischen dem Spitze-zu-linkem-
Tal-Unterschied der ersten individuellen RSA-
Welle und dem Spitze-zu-rechtem-Tal-Unter-
schied der zweiten individuellen RSA-Welle grö-
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ßer als 0,75 haben,

das Verfahren ferner den Schritt des Ersetzens der
ersten und zweiten individuellen RSA-Welle durch
eine einzige individuelle RSA-Welle mit einem linken
Talpunkt, der der linke Talpunkt der ersten individu-
ellen RSA-Welle ist, umfasst, wobei ein rechter Tal-
punkt der rechte Talpunkt der zweiten individuellen
RSA-Welle ist, und eine Spitze die höchste Höhe der
Spitze der ersten individuellen RSA-Welle und der
Spitze der zweiten individuellen RSA-Welle ist.

16. Vorrichtung nach Anspruch 15, wobei das Gehäuse
eine Leistungsquelle aufweist.

17. Vorrichtung nach Anspruch 15, wobei die Leistung
von einer Wechselstromquelle geliefert wird.

18. Vorrichtung nach Anspruch 15, wobei das herzfre-
quenzbezogene Intervall ein r-r-Intervall ist.

19. Vorrichtung nach Anspruch 15, wobei das herzfre-
quenzbezogene Intervall ein r-r-Intervall ist.

20. Vorrichtung nach Anspruch 15, die ferner ein At-
mungsmetronom umfasst, das von einem Subjek-
takt aktiviert werden kann, wobei das Atmungsme-
tronom programmiert ist, um sich nach einer vorbe-
stimmten Zeitspanne zu deaktivieren.

21. Vorrichtung nach Anspruch 15, wobei die Vorrich-
tung konfiguriert ist, um Informationen in Zusam-
menhang mit der Atmung eines Subjekts zu extra-
hieren.

22. Vorrichtung nach Anspruch 21, wobei die Informati-
onen in Zusammenhang mit Atmung Frequenz,
Rhythmus und Volumen aufweisen.

23. Computerprogrammprodukt, das ein computerbe-
nutzbares Medium umfasst, das computerlesbare
Programmcodemittel darin verkörpert hat, wobei die
computerlesbaren Programmcodemittel in dem
Computerprogrammprodukt Mittel umfassen, um ei-
nen Computer zu veranlassen, die Schritte des Ver-
fahrens nach Anspruch 1 auszuführen, wenn das
computerlesbare Programmcodemittel auf einem
Computer ausgeführt wird.

24. Programmspeichervorrichtung, die von einer Ma-
schine gelesen werden kann, die konkret ein Pro-
gramm von Anweisungen verkörpert, die von der
Maschine ausgeführt werden können, um ein Ver-
fahren nach Anspruch 1 auszuführen.

Revendications

1. Procédé mis en oeuvre par ordinateur pour identifier
au moins une onde d’ASR (arythmie sinusale respi-
ratoire) chez un sujet, le procédé comprenant :

l’enregistrement d’intervalles liés à la fréquence
cardiaque au cours du temps, chaque intervalle
lié à la fréquence cardiaque représentant un
point dans un ensemble de données,
l’analyse des intervalles liés à la fréquence car-
diaque suffisamment pour définir au moins une
onde d’ASR individuelle,
la définition d’au moins une onde d’ASR indivi-
duelle, ladite définition comprenant

a) l’identification d’au moins un point de
transition dans l’ensemble de données, un
point de transition étant un intervalle lié à la
fréquence cardiaque qui est situé dans le
temps entre un intervalle lié à la fréquence
cardiaque plus petit directement adjacent
et un intervalle lié à la fréquence cardiaque
plus grand directement adjacent
b) la localisation du nombre le plus élevé de
points de transition consécutifs dans l’en-
semble de données, lesdits points de tran-
sition consécutifs étant une série de points
de transition consécutifs ascendants, ou
bien descendants,
c) la détermination d’une profondeur d’onde
pour l’ensemble de données, la profondeur
d’onde étant égale à l’un parmi le nombre
le plus élevé de points de transition consé-
cutifs dans l’ensemble de données, le nom-
bre absolu de points de transition dans l’en-
semble de données, ou un nombre dérivé
basé sur le nombre de points de transition
dans l’ensemble de données,
d) la localisation d’un premier point bas à la
droite desdits points de transition consécu-
tifs, son niveau bas étant supérieur ou égal
à la profondeur d’onde, un point bas étant
un intervalle lié à la fréquence cardiaque
situé entre deux intervalles liés à la fréquen-
ce cardiaque plus grands directement ad-
jacents, et le niveau bas d’un point bas étant
le minimum entre (1) le nombre d’intervalles
liés à la fréquence cardiaque consécutifs
immédiatement à gauche dudit point bas
qui sont supérieurs ou égaux audit point bas
et (2) le nombre d’intervalles liés à la fré-
quence cardiaque immédiatement à droite
dudit point bas qui sont supérieurs ou égaux
audit point bas, ledit premier point bas étant
un point minimum de courbe droit de la ou
des ondes d’ASR,
e) la localisation d’un second point bas à la

45 46 



EP 1 729 845 B1

25

5

10

15

20

25

30

35

40

45

50

55

gauche desdits points de transition consé-
cutifs, son niveau bas étant égal ou supé-
rieur à la profondeur d’onde, ledit second
point bas étant un point minimum de courbe
gauche de la ou des ondes d’ASR,
f) la détermination d’un intervalle lié à la fré-
quence cardiaque le plus grand dans l’en-
semble de données entre le point minimum
de courbe gauche et le point minimum de
courbe droit, ledit un intervalle lié à la fré-
quence cardiaque le plus grand étant un
maximum de la ou des ondes d’ASR,
g) l’attribution de tous les intervalles liés à
la fréquence cardiaque dans l’ensemble de
données du point minimum de courbe gau-
che au point minimum de courbe droit à la-
dite ou aux dites ondes d’ASR, et
h) la répétition des étapes a) à g) sur les
intervalles liés à la fréquence cardiaque res-
tants dans l’ensemble de données jusqu’à
ce que toutes les ondes d’ASR individuelles
possibles aient été identifiées,

dans lequel, lorsqu’une première onde d’ASR
individuelle et une seconde onde d’ASR indivi-
duelle de ladite ou desdites ondes d’ASR indi-
viduelles, la seconde onde d’ASR individuelle
étant immédiatement à droite de la première on-
de d’ASR individuelle, ont

- un rapport de la différence entre le maxi-
mum et le minimum droit de la première on-
de d’ASR individuelle à la différence entre
le maximum et le minimum gauche de ladite
première onde d’ASR individuelle qui est in-
férieur à 0,5,
- un rapport de la différence entre le maxi-
mum et le minimum gauche de la seconde
onde d’ASR individuelle à la différence en-
tre le maximum et le minimum droit de ladite
seconde onde d’ASR individuelle qui est in-
férieur à 0,5, et
- un rapport de la différence entre le maxi-
mum et le minimum gauche de la première
onde d’ASR individuelle à la différence en-
tre le maximum et le minimum droit de la
seconde onde d’ASR individuelle qui est su-
périeur à 0,75,

le procédé comprend l’étape supplémentaire de
remplacement desdites première et seconde
ondes d’ASR individuelles par une seule onde
d’ASR individuelle avec un point minimum de
courbe gauche qui est le point minimum de cour-
be gauche de la première onde d’ASR indivi-
duelle, un point minimum de courbe droit qui est
le point minimum de courbe droit de la seconde
onde d’ASR individuelle, et un maximum qui est

le point le plus élevé entre le maximum de la
première onde d’ASR individuelle et le maxi-
mum de la seconde onde d’ASR individuelle.

2. Procédé selon la revendication 1, dans lequel l’in-
tervalle lié à la fréquence cardiaque est un intervalle
pp.

3. Procédé selon la revendication 1, dans lequel l’in-
tervalle lié à la fréquence cardiaque est un intervalle
rr.

4. Procédé selon la revendication 1, comprenant en
outre :

la communication presqu’en temps réel à un su-
jet humain d’informations sur les ondes d’ASR
dérivées de ladite ou desdites ondes d’ASR in-
dividuelles, destinées à être utilisées pour ré-
duire le stress chez le sujet humain.

5. Procédé selon la revendication 1, comprenant en
outre :

la comparaison d’au moins deux ondes d’ASR
consécutives ; et
la détermination de la présence d’une petite va-
riation dans au moins un élément d’onde des au
moins deux ondes d’ASR consécutives pour
identifier une respiration rythmique.

6. Procédé selon la revendication 5, dans lequel l’élé-
ment d’onde est choisi dans le groupe constitué de
la longueur d’onde, la fréquence, l’amplitude, la du-
rée de maximum à maximum et la durée de place-
ment du maximum, seuls ou en une combinaison
quelconque.

7. Procédé selon la revendication 6, dans lequel l’élé-
ment d’onde est la longueur d’onde et la petite va-
riation est une déviation moyenne relative inférieure
ou égale à 20%.

8. Procédé selon la revendication 6, dans lequel l’élé-
ment d’onde est la fréquence et la petite variation
est une déviation moyenne relative inférieure ou
égale à 20 %.

9. Procédé selon la revendication 6, dans lequel l’élé-
ment d’onde est l’amplitude et la petite variation est
une déviation moyenne relative inférieure ou égale
à 20%.

10. Procédé selon la revendication 6, dans lequel l’élé-
ment d’onde est la durée de maximum à maximum
et la petite variation est une déviation moyenne re-
lative inférieure ou égale à 20 %.
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11. Procédé selon la revendication 6, dans lequel l’élé-
ment d’onde est la durée de placement du maximum
et la petite variation est une déviation moyenne re-
lative inférieure ou égale à 20 %.

12. Procédé selon la revendication 1, comprenant en
outre l’étape de détection de données erronées re-
latives à la définition de l’onde d’ASR, ladite étape
de détection comprenant :

l’identification d’au moins 2 intervalles liés à la
fréquence cardiaque consécutifs ayant une du-
rée d’intervalle inter-battement inférieure à un
seuil prédéterminé ou à un seuil dérivé d’un en-
semble d’intervalles liés à la fréquence cardia-
que, la durée d’intervalle inter-battement étant
la différence de durée absolue entre des inter-
valles liés à la fréquence cardiaque consécutifs,
le calcul d’une plage pour les durées d’intervalle
inter-battement des au moins 2 intervalles liés
à la fréquence cardiaque consécutifs ; et
la comparaison de chaque intervalle lié à la fré-
quence cardiaque suivant à la plage calculée
afin de déterminer s’il se situe dans ladite plage.

13. Procédé selon la revendication 1, comprenant en
outre l’étape de correction de données erronées re-
latives à l’identification d’onde d’ASR, ladite étape
de correction comprenant :

l’identification d’un intervalle lié à la fréquence
cardiaque qui, à la fois, ne se situe pas dans
une plage prédéterminée, et dont la durée d’in-
tervalle inter-battement est supérieure à un
seuil ;
le calcul d’un intervalle lié à la fréquence cardia-
que corrigé, dans lequel
si le premier intervalle lié à la fréquence cardia-
que est inférieur à la plage prédéterminée, les
intervalles liés à la fréquence cardiaque sui-
vants sont ajoutés au premier intervalle lié à la
fréquence cardiaque jusqu’à ce que la somme
desdits intervalles se situe dans ou au-dessus
de la plage prédéterminée,
si le premier intervalle lié à la fréquence cardia-
que ou la somme desdits intervalles est supé-
rieur à la plage prédéterminée et non divisible
par un nombre entier, les intervalles liés à la
fréquence cardiaque suivants sont ajoutés aux
premiers intervalles liés à la fréquence cardia-
que jusqu’à ce que la somme desdits intervalles
soit divisible par un nombre entier de telle sorte
que le quotient se situe dans la plage
prédéterminée ; et
la création d’une onde d’ASR corrigée basée
sur l’intervalle lié à la fréquence cardiaque cor-
rigé.

14. Procédé selon la revendication 1, comprenant en
outre l’étape d’ajustement de l’échelle sur l’écran
d’un dispositif de rétroaction biologique portatif pen-
dant la respiration rythmique d’un sujet, ladite étape
d’ajustement comprenant :

la détermination de l’amplitude la plus élevée
des ondes d’ASR au cours du temps ; et
le maintien de l’échelle afin qu’elle corresponde
à l’onde la plus grande formée pendant la res-
piration.

15. Dispositif de rétroaction biologique portatif manuel
destiné à réduire le stress chez un sujet humain, le
dispositif comprenant :

un boîtier ;
un capteur de PPG placé dans le boîtier, lequel
capteur de PPG produit des données concer-
nant le sujet humain ;
un système de commande couplé au capteur de
PPG ; et
un écran d’affichage,

lequel système de commande est configuré pour
traiter des données concernant le sujet humain afin
de les afficher sur l’écran d’affichage, les données
affichées donnant au sujet humain des informations
liées au niveau de stress du sujet humain ; et
dans lequel le boîtier, le capteur de PPG, le système
de commande et l’écran d’affichage forment une
structure intégrée,
dans lequel, pendant la respiration d’un sujet hu-
main, ledit système de commande est configuré pour
enregistrer de multiples intervalles liés à la fréquen-
ce cardiaque du sujet, chaque intervalle lié à la fré-
quence cardiaque étant un point dans un ensemble
de données ; pour analyser des intervalles liés à la
fréquence cardiaque suffisamment pour définir au
moins une onde d’ASR (arythmie sinusale respira-
toire) individuelle, et pour définir au moins une onde
d’ASR individuelle, ladite définition comprenant

a) l’identification d’au moins un point de transi-
tion dans l’ensemble de données, un point de
transition étant un intervalle lié à la fréquence
cardiaque qui est situé dans le temps entre un
intervalle lié à la fréquence cardiaque plus petit
directement adjacent et un intervalle lié à la fré-
quence cardiaque plus grand directement adja-
cent
b) la localisation du nombre le plus élevé de
points de transition consécutifs dans l’ensemble
de données, lesdits points de transition consé-
cutifs étant une série de points de transition con-
sécutifs ascendants, ou bien descendants,
c) la détermination d’une profondeur d’onde
pour l’ensemble de données, la profondeur
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d’onde étant égale à l’un parmi le nombre le plus
élevé de points de transition consécutifs dans
l’ensemble de données, le nombre absolu de
points de transition dans l’ensemble de don-
nées, ou un nombre dérivé basé sur le nombre
de points de transition dans l’ensemble de don-
nées,
d) la localisation d’un premier point bas à la droi-
te desdits points de transition consécutifs, son
niveau bas étant supérieur ou égal à la profon-
deur d’onde, un point bas étant un intervalle lié
à la fréquence cardiaque situé entre deux inter-
valles liés à la fréquence cardiaque plus grands
directement adjacents, et le niveau bas d’un
point bas étant le minimum entre (1) le nombre
d’intervalles liés à la fréquence cardiaque con-
sécutifs immédiatement à gauche dudit point
bas qui sont supérieurs ou égaux audit point bas
et (2) le nombre d’intervalles liés à la fréquence
cardiaque immédiatement à droite dudit point
bas qui sont supérieurs ou égaux audit point
bas, ledit premier point bas étant un point mini-
mum de courbe droit de la ou des ondes d’ASR,
e) la localisation d’un second point bas à la gau-
che desdits points de transition consécutifs, son
niveau bas étant supérieur ou égal à la profon-
deur d’onde, ledit second point bas étant un
point minimum de courbe gauche de la ou des
ondes d’ASR,
f) la détermination d’un intervalle lié à la fréquen-
ce cardiaque le plus grand dans l’ensemble de
données entre le point minimum de courbe gau-
che et le point minimum de courbe droit, ledit un
intervalle lié à la fréquence cardiaque le plus
grand étant un maximum de la ou des ondes
d’ASR,
g) l’attribution de tous les intervalles liés à la
fréquence cardiaque dans l’ensemble de don-
nées du point minimum de courbe gauche au
point minimum de courbe droit à ladite ou aux
dites ondes d’ASR, et
h) la répétition des étapes a) à g) sur les inter-
valles liés à la fréquence cardiaque restants
dans l’ensemble de données jusqu’à ce que tou-
tes les ondes d’ASR individuelles possibles
aient été identifiées,

dans lequel, lorsqu’une première onde d’ASR indi-
viduelle et une seconde onde d’ASR individuelle de
ladite ou desdites ondes d’ASR individuelles, la se-
conde onde d’ASR individuelle étant immédiatement
à droite de la première onde d’ASR individuelle, ont

- un rapport de la différence entre le maximum
et le minimum droit de la première onde d’ASR
individuelle à la différence entre le maximum et
le minimum gauche de ladite première onde
d’ASR individuelle qui est inférieur à 0,5,

- un rapport de la différence entre le maximum
et le minimum gauche de la seconde onde
d’ASR individuelle à la différence entre le maxi-
mum et le minimum droit de ladite seconde onde
d’ASR individuelle qui est inférieur à 0,5, et
- un rapport de la différence entre le maximum
et le minimum gauche de la première onde
d’ASR individuelle à la différence entre le maxi-
mum et le minimum droit de la seconde onde
d’ASR individuelle qui est supérieur à 0,75,

le système de commande est en outre configuré pour
remplacer lesdites première et seconde ondes
d’ASR individuelles par une seule onde d’ASR indi-
viduelle avec un point minimum de courbe gauche
qui est le point minimum de courbe gauche de la
première onde d’ASR individuelle, un point minimum
de courbe droit qui est le point minimum de la se-
conde onde d’ASR individuelle, et un maximum qui
est le point le plus élevé entre le maximum de la
première onde d’ASR individuelle et le maximum de
la seconde onde d’ASR individuelle.

16. Dispositif selon la revendication 15, dans lequel le
boîtier comprend une source d’alimentation.

17. Dispositif selon la revendication 15, dans lequel
l’énergie est fournie par une source de CA.

18. Dispositif selon la revendication 15, dans lequel l’in-
tervalle lié à la fréquence cardiaque est un intervalle
pp.

19. Dispositif selon la revendication 15, dans lequel l’in-
tervalle lié à la fréquence cardiaque est un intervalle
rr.

20. Dispositif selon la revendication 15, comprenant en
outre un métronome respiratoire pouvant être activé
par un sujet, lequel métronome respiratoire est pro-
grammé pour se désactiver après une période de
temps prédéterminée.

21. Dispositif selon la revendication 15, lequel dispositif
est configuré pour extraire des informations relatives
à la respiration d’un sujet.

22. Dispositif selon la revendication 21, dans lequel les
informations relatives à la respiration d’un sujet com-
prennent la fréquence, le rythme et le volume.

23. Produit de programme informatique comprenant un
support utilisable par un ordinateur comprenant un
moyen de codage de programme lisible par un ordi-
nateur inclus en lui, le moyen de codage de program-
me lisible par un ordinateur dans ledit produit de pro-
gramme informatique comprenant un moyen pour
amener un ordinateur à mettre en oeuvre les étapes
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du procédé de la revendication 1 lorsque ledit moyen
de codage de programme lisible par un ordinateur
est mis en oeuvre sur un ordinateur.

24. Dispositif de stockage de programme lisible par une
machine, incluant concrètement un programme
d’instructions exécutables par la machine pour met-
tre en oeuvre le procédé selon la revendication 1.
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