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METHOD AND SYSTEM FOR CONSCIOUSLY
SYNCHRONIZING THE BREATHING CYCLE
WITH THE NATURAL HEART RATE CYCLE

FIELD OF THE INVENTION

The present invention relates to human physiology, and in
particular to a method and system of biofeedback allowing a
human subject to consciously control physiological pro-
cesses, more particularly, it allows a human subjectto achieve
synchronization of one’s breathing cycle with one’s natural
heart rate cycle.

BACKGROUND OF THE INVENTION

The human heart is known to have its own nervous system
and its own natural tendency toward rhythm. For purposes of
this invention, there are two primary aspects to this rhythm,
the heartbeat rate, and the rate at which the heartbeat rate
changes otherwise known as heart rate variability. Heartbeat
rate is usually specified in absolute number of heartbeats
occurring during a specified period. Heartbeat rate variability,
otherwise know as heart rate variability is the change in
heartbeat rate as occurs during a specified period. Henceforth,
heartbeat rate variability will be referred to as heart rate
variability.

While the heart has its own tendency toward rhythm, it is
closely coupled to breathing. The relationship is such that as
inhalation occurs, the heartbeat rate tends to increase and as
exhalation occurs, the heartbeat rate tends to decrease. It is
important to note that while the heartbeat rate and breathing
rate influence each other, the relationship is an asynchronous
one, that is, they are independent rhythms that influence but
do not directly control each other.

It is generally recognized that heart rate variability is an
indicator of physiological and emotional state, that is, irregu-
lar incoherent heart rate variability indicates a condition of
physiological/psychological stress. Alternatively, highly
coherent heart rate variability is indicative of a condition of
physiological/psychological harmony.

Accordingly, it is highly desirable to achieve and maintain
a highly coherent heart rate variability as life circumstances
permit. This having been said, with proper training and the
application of the method and apparatus of the present inven-
tion, it is possible for a human subject to rapidly achieve the
desired state of high coherence of heart rate variability and to
monitor and reinforce the accuracy and performance of said
coherence on an ongoing basis.

The present invention takes advantage of the relationship
between the breathing cycle and the natural heart rate vari-
ability cycle to bring heart rate variability to the desired state
of coherence and the human subject to the resultant state of
physiological and emotional harmony. It accomplishes this
via conscious synchronization of the breathing cycle with the
natural heart rate variability cycle.

SUMMARY OF THE INVENTION

As previously described, a relationship exists between the
heartbeat rate specified in terms of heart rate variability, and
the breathing cycle. While the heart has its own tendency
toward a natural variable rhythm, there is a strong correlation
with breathing according to this specific relationship: as inha-
lation occurs, there is a tendency for the heartbeat rate to
increase, as exhalation occurs, there is a tendency for the
heartbeat rate to decrease. It is important to note that the
relationship between the natural heart rate variability cycle
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and the breathing cycle is indirect. This is to say that while the
heart rate variability cycle/breathing cycle relationship exists,
in untrained subjects, their alignment appears highly random.
Consequently, these same subjects exhibit a highly incoher-
ent heart rate variability pattern. As previously stated, maxi-
mal coherence of the heart rate variability is achieved when
the cycle of breathing is synchronized with the natural heart
variability cycle in time and amplitude. The most direct and
effective manner of achieving this alignment is for the human
subject to consciously align them via biofeedback, i.e.,
present the human subject with a biofeedback signal that
indicates exactly when to inhale and exactly when to exhale
such that the breathing cycle achieves exacting alignment
with the natural heart rate variability cycle. The present inven-
tion achieves this by asserting a biofeedback signal to exhale
justafter the peak positive heartbeat rate has been reached and
a biofeedback signal to inhale just after the peak negative
heartbeat rate has been reached. Closely aligning the natural
heart rate peaks with breathing peaks is critical to achieving
an overall synchronization and resulting high degree of
coherence of the heart rate variability pattern.

For purposes of the present invention, we can consider the
cycles of heart rate variability, the periodicity of increasing
and decreasing of heartbeat rate, and the breathing cycle, the
periodicity of inhalation and exhalation, to be two indepen-
dent cycles as depicted in FIG. 1. The relative synchroniza-
tion of these cycles can vary between 0 and 180 degrees.
When these cycles are completely out of phase, heart rate
variability is maximally incoherent, when these cycles are
completely in phase heart rate variability is maximally coher-
ent.

The invention defines the system and method of the appli-
cation of biofeedback for purposes of providing a human
subject the ability to consciously control their inhalation and
exhalation so as to achieve the desired coherence of heart rate
variability. A present objective is to achieve maximal align-
ment. As this is an emerging field of inquiry, it is entirely
likely that applications of value will be found for other align-
ments, for example maximal misalignment, 45 degree out of
phase, etc. It is understood that these alternative alignments
are also within the scope of the present invention.

Because the heart rate variability signal of the untrained
subject is typically highly erratic and synchrony of said signal
may be difficult to detect, a specific instructive method
employing other biofeedback devices and methods is speci-
fied. Via the application of this instructive method, the human
subject is led to achieve a detectable level of synchrony of
their heart rate variability signal. Once detected, the present
invention can be readily used to achieve optimal alignment of
the subject’s breathing cycle with their natural heart rate
variability cycle.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

The accompanying drawing figures incorporated in and
forming a part of this specification illustrate several aspects of
the invention, and together with the description serve to
explain the principles of the invention.

FIG. 1 depicts the relative relationship between the natural
heart rate cycle and breathing cycle.

FIG. 2 depicts the natural heart rate cycle and breathing
cycle moving from misalignment to alignment and resultant
heart rate variability pattern.

FIG. 3 depicts a primary example of the moment of bio-
feedback signal generation according to a preferred embodi-
ment of the present invention.
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FIG. 4 depicts specific criterion for biofeedback signal
generation associated with the primary example of the
moment of biofeedback signal generation of FIG. 3.

FIG. 5 depicts the physical system of the preferred embodi-
ment of the present invention.

FIG. 6 depicts the algorithm for the preferred embodiment
of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The embodiments set forth below represent the necessary
information to enable those skilled in the art to practice the
invention and illustrate the best mode of practicing the inven-
tion. Upon reading the following description in light of the
accompanying drawing figures, those skilled in the art will
understand the concepts of the invention and will recognize
applications of these concepts not particularly addressed
herein. It should be understood that these concepts and appli-
cations fall within the scope of the disclosure and the accom-
panying claims.

The present invention allows a human subject to achieve
maximal regularity and coherence of heart rate variability by
synchronizing the breathing cycle with the natural heart rate
variability cycle. This is accomplished by providing a bio-
feedback signal in the form of an audible, visual, or sensory
stimulus, to indicate when the subject should begin inhalation
and a second signal to indicate when the subject should begin
exhalation. These signals are unique so the subject is able to
clearly distinguish the beginning of inhalation from the
beginning of exhalation.

With reference to FIG. 1, the heart has its own nervous
system and a tendency toward its own natural rhythm. FIG. 1
depicts the heart rate variability cycle, 101, and the breathing
cycle, 102. The positive peak of the heart rate variability
cycle, 103, indicates peak positive heart rate or the maximum
number of heart beats per minute. For the purposes of discus-
sion the peak positive rhythm is defined as 80 beat per minute
(BPM). The negative peak of the heart rate variability cycle,
104, indicates peak negative heart rate or the minimum num-
ber of heart beats per minute. For the purposes of discussion
the peak positive rhythm is defined as 50 beat per minute
(BPM). Let it be clear that 80 beats per minute as the positive
peak and 50 beats per minute as the negative peak are merely
used for purposes of example. The breath is under control of
the human central nervous system and operates with a largely
independent rhythm. Yet, there is a strong correlation between
the breath cycle and the natural heart rate variability cycle as
described prior.

FIG. 2 depicts the breathing cycle 201 and the natural heart
rate cycle 202 moving from misalignment to alignment and
the resultant heart rate variability cycle 203 moving from
incoherence 204 to coherence 205. The synchrony between
the natural heart rate variability cycle and the cycle of breath-
ing is highly variable ranging from being highly synchronous
(in-phase) to being highly asynchronous (out of phase). This
results in a highly periodic and coherent heart rate variability
pattern 205 vs. a highly aperiodic and incoherent heart rate
variability pattern 204, respectively. A primary yet not limit-
ing application of the present invention is to lead a human
subject to the preferred state of highly periodic and coherent
heart rate variability both in time and amplitude.

FIG. 3, depicts the natural heart rate cycle and the moments
of biofeedback signal generation indicating exhalation 301
and inhalation 302. The desired state of highly periodic and
coherent heart rate variability is brought about by aligning the
cycle of breathing with the natural heart rate cycle. This is
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accomplished by monitoring the heart rate signal and provid-
ing biofeedback to the human subject so as to allow the
subject to synchronize their inhalation and exhalation so as to
be in phase with their heart rate pattern. This requires that the
human subject begin inhaling as the natural heart rate signal
begins increasing from its negative peak, and conversely, to
begin exhaling as the natural heart rate begins decreasing
from its positive peak.

It should be noted that for purposes of biofeedback gen-
eration, the exact moment of alerting occurs slightly after the
positive and negative peaks are reached. This will be
explained in greater detail below.

It must be further explained that while FIG. 3 depicts the
primary application of the present invention, that being the
maximal alignment of the heart rate variability cycle and the
breathing cycle, all other alignments are also provided for and
are within the scope of the present invention.

FIG. 4 depicts the exacting means of identifying positive
and negative heart rate peaks. With reference to FIG. 4, in
order to achieve maximal desired effect, it is necessary to
achieve a very exacting timing. Here it is important to point
out that via biofeedback, the human subject is trained to
identify the subjective state and associated sensation that
relates to maximal alignment. If the human subject begins
either inhaling or exhaling just slightly before the natural
heart rate begins to increase or decrease respectively, the
periodicity and coherence of the resulting heart rate variabil-
ity pattern is significantly degraded. This suboptimal coher-
ence of heart rate variability can be consciously perceived by
the practitioner. To address this matter of accuracy, in this
example, the “exhale” biofeedback signal is generated just
after the positive peak, in this case 80 beats per minute
(BPM), when the signal drops to 79 beats per minute (BPM)
401. Likewise, the “inhale” biofeedback signal is generated
just after the negative peak, in this case 50 beats per minute
(BPM), when the signal increases to 51 beats per minute
(BPM) 402. Because, in order to achieve the desired maximal
effect this timing must be exacting, the present invention
allows for the exact moment of biofeedback to be adjusted so
that timing may be optimized on a personal basis. This would
allow for slightly differing physiologies if such differences
are found to exist. Programmability of biofeedback signal
generation is also provided to accommodate other useful
alignments of the natural heart rate cycle and breathing cycle
should such useful alignments be found to exist. With refer-
ence to FIG. 5, the primary physical system of the preferred
embodiment of the present invention is quite simple consist-
ing of a human subject 500, a pulse sensor of adequate accu-
racy 502, a pulse monitor of adequate accuracy 504, a positive
and negative peak rate detector 507, a function for setting
feedback criterion and comparing it 509, and a function for
generating feedback signals to the human subject 512.

A detailed discussion of the physical system will now
ensue. Human subject 500 is outfitted with a pulse sensor 502
of any adequately accurate variety, via connection 501. Sen-
sor 502 and associated connection 501 may be of any
adequately accurate type including electronic, pneumatic,
acoustic, etc. The sensor may be any style of device such as a
wristband, a finger cradle, an ear clip, etc. The only require-
ment is that it be able to accurately sense and transmit indi-
vidual heart beat pulses to pulse monitor 504 via connection
503. Connection 503 may also be of any adequately perform-
ing type including electronic, pneumatic, acoustic, optical,
radio frequency, etc. Pulse monitor 504 monitors real time
rate and count. Heartbeat count is used as an alternative
means of feedback for purposes of allowing the human sub-
ject to synchronize their breathing based on heartbeat count






