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(57) ABSTRACT

Method and system for monitoring the autonomic nervous
system (ANS) of a subject, comprising acquiring at least one
physiological signal having W heartbeats, generating data
which is a function of the variability of the heart rate on the
W heartbeats, with the HRV having W-1 RR intervals
separating two consecutive heartbeats detected respectively
at the moments tk-1 and tk, each RR interval having a
duration of value ax=tk-tk-1 with k=(X-W+2) . . . X;
calculating at least one parameter taken from the parameter
TAS(tx) representing the level of activity of the sympathetic
system and/or the parameter TAP(tx) representing the level
of activity of the parasympathetic system; and/or other
parameters such as the parameter SL(tx) representing stress
level of the subject at the moment tx and calculated using the
equation such that SL(tx)=100+TAS(tx)-TAP(tx); and sup-
plying data representative of at least one parameter.
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METHOD AND SYSTEM FOR MONITORING
THE AUTONOMIC NERVOUS SYSTEM OF A
SUBJECT

TECHNICAL FIELD OF THE INVENTION

[0001] This invention in general relates to a system for
monitoring the autonomic nervous system (ANS). The
invention proposes moreover, a method and a system for
assisting in the regulating of the activity of the ANS. It has
for particular advantage systems for monitoring or for
regulating that require a following of the ANS in real time
or at the very least with very good reactivity.

PRIOR ART

[0002] The autonomic nervous system (ANS) is the part of
the nervous system that is responsible for automatic func-
tions that are not subject to voluntary control of a living
being such as a person. The ANS is comprised of two
branches, respectively the sympathetic system and the para-
sympathetic system. The roles of the sympathetic and para-
sympathetic systems are different and they generally exert
antagonistic effects on the same target organs. Generally, the
sympathetic system assists the body in responding to emer-
gency situations in order to accelerate the reactions of the
neurons in order to increase for example the frequency of the
heartbeats and to slow down the process of digestion.
[0003] On the other hand, the parasympathetic system
helps the body to preserve and to restore its energy. When a
person relaxes, for example by resting in a chair, the
parasympathetic system lowers the blood pressure, slows
down the frequency of the heartbeats and accelerates the
process of digestion.

[0004] Prolonged stress generates negative emotional
activity that stimulates the sympathetic system by creating
as such a constant imbalance that causes many symptoms. In
order to supply researchers and doctors with precise data in
order to perform diagnostics and to decide suitable treat-
ments, there is then a need consisting in reliably and
accurately monitoring the sympathetic and parasympathetic
systems and in giving a representation thereof that is easy to
interpret. An interpretation of the ANS can make it possible
to identify a particular pathology such as for example a state
in which the sympathetic system of a patient is abnormally
active with respect to the parasympathetic system. As such,
the doctor can perform diagnostics and decide suitable
remedies.

[0005] There are many methods for monitoring and ana-
lyzing the ANS.

[0006] The Heart Rate Variability (HRV) is in general used
to evaluate physiological functions such as the activities of
the sympathetic and parasympathetic systems. The HRV can
be generated for example by using the data from a sequence
of intervals between beats in a physiological signal such as
an electrocardiogram signal (ECG). Most often, an interval/
offset between two successive heartbeats, referred to as “RR
interval”, is defined as an interval of time between two
preferentially successive spikes of an R wave of an ECG
signal.

[0007] There are many analysis and signal treatment meth-
ods using the HRV, of which most are based on an analysis
in the frequency domain. However, frequency analyses have
several disadvantages in particular in terms of precision and
execution time.
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[0008] Indeed, these frequency analyses require imple-
menting mathematical functions such as the Fast Fourier
Transformation usually designated by the acronym FFT)
or/and the Complex Demodulation Method (CDM),
described in documents U.S. Pat. No. 7,079,888 and
US20130009779A1. However these mathematical functions
require a long time for recording and therefore cannot be
carried out in real time.

[0009] In addition, it is difficult to correctly separate in the
frequency domain the data that belongs respectively to the
sympathetic system and to the parasympathetic system. In
other words, the two sympathetic and parasympathetic sys-
tems cannot be analyzed easily independently.

[0010] Frequency analyses are furthermore very sensitive
to the noise of an ECG signal such as the false beats
generated during the capturing of the signal for example in
the case where the person moves about during a sports
activity or if the ECG sensor is not operating correctly.
Frequency analyses are also sensitive to atypical beats such
as extrasystoles, arrhythmias (bigeminy, trigeminy), etc. As
such, the data transformed in the frequency domain are
highly distorted due to noise or false beats, which consid-
erably reduces the precision of the monitoring of the ANS.
Frequency analyses based on known methods are therefore
not very reliable when the patient has symptoms that result
in atypical beats, or/and in the case where false beats are
generated for example by a detector with low performance
or operating in unfavorable acquisition conditions.

[0011] Other solutions propose analyses carried out in the
temporal domain. These known solutions provide for, as is
the case in document US20130079652A1, calculations such
as a measurement selected from a set of measurements
comprising a mean RR interval, a standard deviation of the
RR intervals, a ratio of the standard deviations according to
various axes of a scatter diagram of the RR intervals, a
difference between the ratios of the standard deviations, a
standard deviation of a mean of RR intervals in various
segments of time, etc.

[0012] The temporal analysis calculations as mentioned
hereinabove can be carried out in real time. On the other
hand, these calculations also do not make it possible to
analyze the two sympathetic and parasympathetic systems
independently. For example, if the sympathetic system of a
patient remains active longer than a predetermined period
and prevents the parasympathetic system from playing its
role of recovery, this cannot be reflected by the result of
these temporal analysis calculations. These calculations do
not make it possible to analyze the state of balance between
the two sympathetic and parasympathetic systems of the
ANS and as such do not make it possible to determine with
precision the stress level of a patient.

[0013] Consequently, there is a need consisting in propos-
ing a solution that makes it possible to supply a reliable,
simple and fast analysis for monitoring the sympathetic and
parasympathetic systems independently, with good reactiv-
ity and preferably in real time and while limiting the
sensitivity to disturbing factors such as atypical beats and
noise such as false beats generated during the capturing of
ECG signals.

SUMMARY OF THE INVENTION

[0014] In order to reach this objective, an aspect of this
invention relates to a method for monitoring an autonomic
nervous system (ANS) of a subject, comprising the follow-
ing steps:
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[0015] acquiring at least one physiological signal com-
prising W heartbeats, with each heartbeat being
detected at a moment t, with t between ty_ ., and t,
the moment t,_ being the last beat of the W heartbeats;

[0016] generating a data which is a function of the
variability of the heart rate (HRV) over all of the W
heartbeats, with the HRV comprising W-1 RR intervals
separating two consecutive heartbeats detected respec-
tively at the moments t,_, and t,, with each RR interval
having a duration with a value a,=t,~t, , with k=(X-
W+2)...X;

[0017] using at least one microprocessor to calculate at
least one parameter taken from:

[0018] the parameter TAS(t ) representing the level of
activity of the sympathetic system and which is accord-
ing to the ratio between on the one hand a first sum
obtained by summing, among the values a,, only those
that are greater than the value a,_; of the immediately
preceding interval therefore only the values a, that
satisfy the following condition a,>a,_,, a,_, being the
duration of the interval immediately preceding that of
the value ak and a second sum obtained by summing all
of the W-1 values a,; and/or

[0019] the parameter TAP(t ) representing the level of
activity of the parasympathetic system and which is
according to the ratio between on the one hand a first
sum obtained by summing, among the values a,, only
those that are less than the value a,_, of the immedi-
ately preceding interval and a second sum obtained by
summing all of the W-1 values a;

[0020] the parameter SL(tX) representing a stress level
of the subject (10) at the moment tX and calculated by
applying the following equation:

SL(t,)=100+T4S(t,)- TAP(t,);

[0021] supplying a data representative of said at least
one parameter. In an alternative or complementary
manner, the method comprises using at least one micro-
processor to calculate at least one parameter taken
from:

[0022] the parameter TPSP(t ) representing the rate of
pollution from the sympathetic system to the parasym-
pathetic system and which is according to the ratio
between on the one hand a first sum obtained by
summing, among the values a,, only those that satisfy
the following condition: a,<a,_, and a,_,>a, , and
a,_,>a, and on the other hand a second sum obtained by
summing all of the W-1 values a,; and/or

[0023] the parameter TPPS(t,) representing the rate of
pollution from the parasympathetic system to the sym-
pathetic system and which is according to the ratio
between on the one hand a first sum obtained by
summing, among the values a,, only those that satisfy
the following condition: (a,>a,_, and a,_,<a, , and
a,_,<a,) and on the other hand a second sum obtained
by summing all of the W-1 values a;

[0024] As such, the method according to the invention
makes it possible to temporally analyze the two sympathetic
and parasympathetic branches of the ANS system, indepen-
dently and in real time or at least with improved reactivity.
It is as such possible to retroact in real time in order to
modify the activity of the ANS according to the purpose
sought: for example a reduction in the stress or an increase
in the intensity of the emotions.
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[0025] Moreover, the method according to the invention
makes it possible to monitor the sympathetic and parasym-
pathetic systems independently and while limiting the sen-
sitivity to disturbing factors such as atypical beats and noise
such as false beats.
[0026] Inthe framework of this invention, the term subject
designates any person or animal for which the heartbeat can
be detected.
[0027] Note that this invention also relates to the cases
where only one or some of the parameters TAS, TAP, TPPS,
TPSP, TAS(tx), TAP(tx), TPPS(tx), TPSP(tx), TPSP, TPPS,
SL, RSL, SL(t,), RSL(t,) is calculated.
[0028] The invention also relates to the methods in which
one of these parameters and one or several of the other
parameters is calculated.
[0029] At least the steps of generating and of calculating
are implemented by computer, i.e. they are executed by at
least one microprocessor.
[0030] Optionally, the invention comprises at least one of
any of the following characteristics and steps taken indi-
vidually ot in combination:
[0031] In the following equations a,_,=value of the inter-
val of time immediately preceding the internal of time of
duration a,, i.e. a,_,=t,_,-t, ,, and k=(X-W+2), (X-W+3)
[0032] the TAS(t,) representing the level of activity of
the sympathetic system and wherein the TAS(t,) is
calculated by applying the following equation:

X
Z (i) if (g =qq)
TAS(ty) = 100. =X W2

X
Y (—hy)
E=X-Wi2

[0033] the TAP(t,) representing the level of activity of
the parasympathetic system and wherein the TAP(tX) is
calculated by applying the following equation:

X
Z (tc —t-1) 1f (@ 2 1)
TAP(y) = 100. ZXY 2

X

2 -ny)
k=X"wi2

[0034] with the TPSP(tx) calculated by applying the
following equation:

X a < ;- and
(ty — fp) if [ Ay > Qg2 and]
TPSP(y) = 100- Gt 2 %
2 (=)
k=X-W+2
[0035] As such, the TPSP(t,) is calculated in such a way

as to obtain a third partial sum by accumulation of the values
a, of which each one disturbs the increasing monotonous
trend formed by RR intervals adjacent to the RR interval
corresponding to the value a, and to divide said third partial
sum by the sum of all of the W-1 values a;
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[0036] the TPPS(t,) being calculated by applying the
following equation:

X ay > ag_y and
(e — 1) if | @y <agy and

k=X-W+2 Q] < Qg

TPPS(iy) = 100- -

2 (—nr)

k=X-W+2

[0037] As such, the TPPS(t)) is calculated in such a way
as to obtain a third partial sum by accumulation of the values
a, of which each one disturbs the decreasing monotonous
trend formed by RR intervals adjacent to the RR interval
corresponding to the value a, and to divide said third partial
sum by the sum of all of the W-1 values a,.

[0038] In addition, the invention relates to two parameters
TPSP and TPPS as hereinbelow:

[0039] the parameter TPSP representing the approxi-
mate rate of pollution of the sympathetic to the para-
sympathetic system and calculated by applying the
following equation:

N-1
Z 1if (@, < a,_; and a,_; > a,_» and a,41 > a,)

TPSP = 100. 2!

N-1

[0040] the parameter TPPS representing the approxi-
mate rate of pollution from the parasympathetic system
to the sympathetic system and calculated by applying
the following equation:

N-1
Z 1if (a, > a1 and ap-) < ay— and apyy < ap)

TPPS = 100. =

N-1

[0041] Preferably, the invention further relates to an appli-
cation comprising at least the calculation of the parameters
TAS(t,) and TAP(t) and comprising the calculation of a
parameter SL(t,) representing a stress level of the subject at
the moment t_and calculated by applying the following
equation:

SL(t)=100+T4S(t,)-TAP(z,).

[0042] Preferably, the invention relates to another appli-
cation comprising the calculation of a parameter RSL(t,)
representing a residual stress level of the subject at the
moment tx and calculated by applying the following equa-
tion:

HRRest

RSL(ty) = SL{tx)- HR(y)

[0043] in which HR,,, is the heart rate at rest, i.e. the
subject is inactive for at least 20 seconds and preferably 40
seconds, HR(t,) is the heart rate at the moment t .

[0044] According to a preferred method, the method com-
prises:
[0045] generating a respiration stimulus supplied to the

subject for a duration T, with the respiration stimulus
comprising a respiratory setting so that the subject
breathes symmetrically;
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[0046] the duration T being calculated according to at
least one data according to the heart rate (HR) of the
subject.

[0047] According to an embodiment, at least one param-
eter comprises a value of chronic stress CS which is a
function of the parameter SL(t ) during said duration T.
[0048] According to an embodiment, the value of chronic
stress CS is equal to the mean value of the parameter SL(t,)
over said duration T of the respiration stimulus.

[0049] According to an embodiment, the method com-
prises the calculating and the displaying of a mathematical
correlation between the heart rate (HR) of the subject and a
fanction that controls the respiration stimulus.

[0050] According to an embodiment, said data according
to the heart rate (HR) is a data representing the heart rate
(HR) of the subject.

[0051] According to an embodiment, the physiological
signal is an electrocardiogram signal (ECG), or any other
physiological signal that is a function of the heart rate.
[0052] The invention relates to a step of supplying a visual
and/or audible representation of said at least one parameter.
[0053] Preferably, said at least one parameter is calculated
in real time or at regular intervals and comprises a step of
supplying a visual representation of the change over time of
said at least one parameter. Advantageously, the step of
supplying a visual representation comprises the displaying
of a graph or of a bar that changes over time.

[0054] In another application of the invention, the step of
supplying a visual representation of the change over time of
said at least one parameter comprises the displaying of at
least one avatar and/or of at least one animated object of
which the animation or the visual change is a function of the
change over time of said at least one parameter.

[0055] Preferably, at least two parameters are calculated,
with at least one of the parameters being taken from the
TAS(t,) and the TPSP(t,) and at least one other parameter
taken from the TAP(t,) and the TPPS(t,) and comprising a
step of supplying a visual representation of said at least two
parameters, said at least two parameters being represented
independently from one another.

[0056] Even more advantageously, said at least two
parameters are calculated in real time or at regular intervals
and comprise a step of supplying a visual representation of
the change over time of said at least two parameters.
[0057] According to an embodiment, the step of acquiring
at least one physiological signal is carried out by at least one
of the following devices which are configured to be worn by
the subject: an electrocardiogram sensor (ECG), a chest belt,
a bracelet or a watch provided with a photoplethysmo-
graphic sensor.

[0058] According to an embodiment, supplying a data
representative of said at least one parameter comprises a
displaying on the screen of one from among the following
devices: a watch, a telephone, a portable computer, a tablet.
[0059] The invention also relates to a computer program
product comprising instructions, which when they are car-
ried out by at least one processor, executes the method of
monitoring such as hereinabove.

[0060] According to an embodiment, the parameters TAS
(t). TAP(t), TPSP(t ), TPPS(t,), SL(t,) and RSL(t,) can be
used in video games and simulators in order to show the
current condition of the body of a player such as the stress
level, the level of energy, or to simulate a virtual condition
of a character in a video game or by a simulator.
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[0061] In addition, the invention relates to a system for
monitoring the autonomic nervous system (ANS) of a sub-
ject, comprising a device configured to receive the data of a
physiological signal, for example an electrocardiogram sig-
nal (ECG), with this physiological signal comprising W
heartbeats, with each heartbeat being detected at a moment
t, with t between Ty, 5, , and t, the moment tx being the last
beat of the W heartbeats;

[0062] and comprising at least one processing of data
provided with at least one processor configured to execute
the following steps:

[0063] generating of a data which is a function of the
variability of the heart rate (HRV) over all of the W
heartbeats, with the HRV comprising W-1 RR intervals
separating two consecutive heartbeats detected respec-
tively at the moments t,_, and t,, with each RR interval
having a duration a,=t,~t,_, of a value with k=(X-W+
2)... X,

[0064] calculating at least one parameter taken from:

[0065] the parameter TAS (t,) representing the level of
activity of the sympathetic system and which is accord-
ing to the ratio between on the one hand a first sum
obtained by summing, among the values a,, only those
that are greater than the value a,_, of the immediately
preceding interval therefore only the values a, that
satisfy the following condition a,>a,_,, a,_, being the
duration of the interval immediately preceding that of
the value a, and a second sum obtained by summing all
of the W-1 values a,; and/or

[0066] the parameter TAP(t,) representing the level of
activity of the parasympathetic system and which is
according to the ratio between on the one hand a first
sum obtained by summing, among the values a,, only
those that are less than the value a,_, of the immedi-
ately preceding interval therefore only the values a,, that
satisfy the following condition a,<a,_,, a,_, being the
duration of the interval immediately preceding that of
the value a, and a second sum obtained by summing all
of the W-1 values a,; and/or

[0067] the parameter SL(tX) representing a stress level
of the subject (10) at the moment tX and calculated by
applying the following equation:

SL(t,)=100+T4S(t,)-TAP(1,); and/or

[0068] the parameter TPSP(tX) representing the rate of
pollution from the sympathetic system to the parasym-
pathetic system and which is according to the ratio
between on the one hand a first sum obtained by
summing, among the values a,, only those that satisfy
the following condition: a,<a,_, and a, >a, , and
a,,,>a, and on the other hand a second sum obtained by
summing all of the W-1 values a,; and/or

[0069] the parameter TPPS(t ) representing the rate of
pollution from the parasympathetic system to the sym-
pathetic system and which is according to the ratio
between on the one hand a first sum obtained by
summing, among the values a,, only those that satisfy
the following condition: (a,>a, , and a,_,<a, , and
a,,,<a,) and on the other hand a second sum obtained
by summing all of the W-1 values a,;

[0070] The system comprises a device for displaying,
coupled to the data processing module and configured to
supply the subject with a data representative of said at least
one parameter.
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[0071] Optionally, the invention comprises at least one of
any of the following characteristics taken individually or in
combination:

[0072] According to an embodiment, the data processing
module is configured to carry out the following steps:

[0073] generating a respiration stimulus supplied to the
subject for a duration T, with the respiration stimulus
comprising a respiratory setting so that the subject
breathes symmetrically;

[0074] the duration T being calculated according to at
least one data according to the heart rate (HR) of the
subject.

[0075] According to an embodiment, at least one param-
eter that the data processing module is configured to calcu-
late is a value of chronic stress CS, with the value of chronic
stress CS being according to the parameter SL(tX) during
said duration T.

[0076] According to an embodiment, the value of chronic
stress CS is equal to the mean value of the parameter SL(tX)
during said duration T of the respiration stimulus.

[0077] According to an embodiment, the sensor is one of
the following devices which are configured to be worn by
the subject: an electrocardiogram sensor (ECG), a chest belt,
a photoplethysmographic device installed in a bracelet or in
a watch.

[0078] According to an embodiment, the data processing
module is mechanically integral with the sensor. Alterna-
tively, the data processing module is located at a distance
from the sensor and coupled to the sensor by using a wired
or wireless communications module.

[0079] According to an embodiment, the data processing
module is provided on an electronic device such as a mobile
telephone, a tablet, a computer, etc.

[0080] Preferably, the monitoring system comprises a
detector configured to acquire the physiological signal and a
device for displaying configured to display a visual repre-
sentation of said at least one parameter.

[0081] Even more advantageously, the monitoring system
is configured to provide said subject in real time with a
visual representation of said at least one parameter.

[0082] The invention relates to a device for assisting in the
regulating of the ANS of a subject comprising the monitor-
ing system such as hereinabove.

[0083] The invention further relates to a simulator com-
prising the monitoring system such as hereinabove.

BRIEF DESCRIPTION OF THE FIGURES

[0084] The purposes and objects as well as the character-
istics and advantages of the invention shall appear better
from the detailed description of an embodiment of the latter
which is illustrated by the following accompanying draw-
ings wherein:

[0085] FIG. 1 shows a system for monitoring an auto-
nomic nervous system (ANS) of a living being such as a
person according to an example embodiment of the inven-
tion.

[0086] FIG. 2(a) show an ECG signal comprising N spikes
respectively meaning a heartbeat of the person 10 measured
at a moment ty, t, to t,,, by the ECG sensor 110 according
to an embodiment of the invention.

[0087] FIG. 2(b) shows the heart rate variability HRV
illustrated by N-1 RR intervals a,, a, to a,., corresponding
respectively to the moments t;, t, to ty. ;.
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[0088] FIG. 3 shows the results of the calculations of two
parameters TAS and TAP over a sampling duration TE of
100 heartbeats (N=100).

[0089] FIG. 4 shows the parameters TAS(t,) and TAP(t)
obtained in real time via a calculation based on 30 samples
of the sliding window at each moment t, (W=30).

[0090] FIGS. 5(a) and 5(b) each show a spectrum of the
HRYV according to two types of respiration.

[0091] FIG. 6(a) shows a portion of a first ECG signal and
its HRV, with the first ECG signal comprising 300 beats
without adding false heartbeats.

[0092] FIG. 6(b) shows a portion of a second ECG signal
and its HRV, the second ECG signal is obtained by adding
two false beats to the first ECG signal.

[0093] FIGS. 6(c) and 6(d) respectively show the spectra
of HRV obtained by carrying out a typical frequency analy-
sis of the HRV of the first ECG signal and those for the
second ECG signal.

[0094] FIG. 7(a) shows the results of an example of a
calculation of the parameter SL.

[0095] FIG. 7(b) shows the results of an example of a
calculation of the parameters SL(tx), RSL(tx) and HR(tx)
during a rest phase, a phase of sports activity and a recovery
phase.

[0096] The attached drawings are provided as examples
and do not limit the invention. These drawings are diagram-
matical representations and are not necessarily on the scale
of the practical application.

DETAILED DESCRIPTION OF THE
INVENTION

[0097] FIG. 1 shows system for monitoring 100 of the
autonomic nervous system (ANS) of a physical subject 10
according to an embodiment of the invention.

[0098] The system for monitoring 100, comprises a data
processing module 222 and a module for displaying data
130. It is configured to analyze a physiological signal
received from a physiological signal sensor 110, typically
but not limited to an electrocardiogram (ECG).

[0099] The physiological signal sensor 110 is configured
to detect heartbeats of the physical person 10 for a certain
duration and as such send a physiological signal to the data
processing module 222.

[0100] The physiological signal sensor 110 is preferably
an electrocardiogram sensor (ECG) configured to generate a
physiological signal ECG such as shown in FIG. 2(a) and
send this ECG signal to the data processing module 222.
This ECG sensor 110 is able to be worn by the person 10 for
example on the chest or/and wrist.

[0101] In an alternative embodiment, the physiological
signal sensor 110 worn by the person 10 can be one of the
following devices: a chest belt, a photoplethysmographic
device installed in a bracelet or in a watch.

[0102] The invention is not limited to methods of acquir-
ing a physiological signal. For example, a signal indicating
heartbeats measured by optical devices can also be applied
as a source of data for the calculations of the invention.
[0103] The data processing module 222 is coupled, by a
wired or wireless communication such as by radio waves, to
the physiological signal sensor 110. The data processing
module 222 is configured to execute a method of analyzing
preferably in the temporal domain using a physiological
signal such as an ECG signal received from the ECG sensor
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110. The data processing module 222 can be carried out
either in a device worn by the person 10 or in a device at a
distance from the person 10.

[0104] According to an embodiment, the data processing
module 222 is integral with the physiological signal sensor
110 worn by the person 10. The data processing module 222
and the physiological signal sensor 110 can as such be
integrated into a watch or a bracelet for example.

[0105] According to another embodiment, the data pro-
cessing module 222 is a device able to be worn by the person
10, which is mechanically separate from the physiological
signal sensor 110. The data processing module 222 and the
sensor 110 are separate, while still being coupled in terms of
commuication.

[0106] According to an alternative embodiment, the data
processing module 222 is installed in an electronic device
such as a mobile telephone, a tablet, a computer, etc.
[0107] According to another alternative embodiment, the
data processing module 222 is installed in a data server
provided with a means for calculating and for processing
data.

[0108] According to a preferred embodiment, the data
processing module 222 itself or the electronic device or the
data server hereinabove is provided with a receiver config-
ured to receive the physiological signal sent by the ECG
sensor 110.

[0109] In the embodiment wherein the data processing
module 222 is incorporated into the data server, the physi-
ological signal can be transmitted directly from the ECG
sensor 110 to the data server, or via a relay such as an
electronic device, for example a mobile telephone, a tablet,
a computer, to the data server.

[0110] Advantageously, the data processing module 222 is
carried out in the form of a piece of software.

[0111] In this embodiment, a wired communications mod-
ule 113 is used to carry out the communication between the
ECG sensor 110 and the data processing module 222.
[0112] The invention is not limited to means of commu-
nication used to carry out the wired or wireless communi-
cation between the data processing module 222 and the ECG
sensor 110.

[0113] Said method of analysis carried out by the data
processing module 222 comprises a calculation of RR
intervals and of calculations of the parameters TAS, TAP,
TPSP, TPPS which shall be described later.

[0114] FIG. 2(a) shows an ECG signal comprising N
spikes respectively meaning a heartbeat of the person 10
measured at a moment t,, t; to t,,; by the sensor 110.
[0115] FIG. 2(b) shows a variability of the heart rate HRV
illustrated by N-1 RR intervals a,, a, to a,., corresponding
respectively to the moments t,, t, to t5.;.

[0116] Fach value a, of an RR interval is the duration
(typically in seconds) that elapses between two adjacent
spikes of the ECG signal, with these two spikes correspond-
ing to the two successive heartbeats measured at moments
t,., and t . The value a,, is represented in the equation (1)

7

hereinbelow:
=l Eq. ()

[0117] For example, as indicated in F1G. 2(a), the value a,
corresponds to the interval of time RR between the two
heartbeats detected at the two moments t; and t,.

[0118] The value of the first interval is noted as a, and the
number n of the RR intervals is equal to N-1.
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[0119] The data processing module 222 carries out, using
the N-1 RR intervals a,, a, to a,,, of the HRV, calculations
of the parameters TAS and TAP having respectively the
activity of the sympathetic system and that of the parasym-
pathetic system of the person 10 monitored during a sam-
pling duration TE comprising N heartbeats of the ECG
signal.

[0120] The calculations of the parameters TAS and TAP
use a physiological phenomenon: a duration of an RR
interval that decreases between two successive heartbeats
indicates a heart rate accelerated by the sympathetic system
while a duration of an RR interval that increases between
two successive beats indicates a hear rate that is slowed
down by the parasympathetic system.

[0121] The parameter TAS is configured to represent the
rate of sympathetic activity:

N-1 Eq. @)
([n - nfl) if 1:61” = anfl)
TAS = 100- 22
N-1
2 (= tp-1)
n=1
N-1
a, if (a, < a,1)
=100 =
N-1
2 On
n=1
[0122] The parameter TAS is calculated, using the N-1

RR intervals derived from the ECG signal comprising N
heartbeats. In order to obtain this parameter, the values an
are accumulated (i.e. are summed) if a segment between two
values a, and a,_, is decreasing such as shown in F1G. 2(b);
i.e. the values a, are accumulated of which each one is less
than the immediately preceding value a, ;. The sum of the
values a,, corresponding to the decreasing segments is then
divided by the sum of all of the values a;, a, to a,.;.
[0123] The parameter TAP is configured to represent the
rate of parasympathetic activity:

N-1 Eq. (3)
([n - [nfl) if ':an = an—l)
TAP = 100- 22!
N-1
([n - [nfl)
n=1
N-1
a, if (a, 2 a, 1)
=100- 2L
N-1
Z aﬂ
n=1
[0124] The parameter TAP is calculated, using the N-1

RR intervals of the HRV derived from the ECG signal
comprising N heartbeats, in such a way as to accumulate
values a, if a segment between two values a, and a, , is
rising such as shown in FIG. 2(b); i.e. values a,, are accu-
mulated of which each one is greater than the immediately
preceding value a,_ . The sum of the values a, corresponding
to the rising segments is then divided by the sum of all of the
values a,, a, t0 a,.,.

[0125] FIG. 3 shows results of the calculations of the
parameters TAS and TAP over a sampling duration TE of
100 heartbeats (N=100). The visual representation of FIG. 3,
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has for advantage to be able to very easily compare the
respective activities of the sympathetic and parasympathetic
systems. In this example, the calculation of the parameters
TAS and TAP makes it possible to very easily identify that
the ANS system of the person 10 is in a relative and
imperfect balance because the sympathetic system is slightly
more active than that of the parasympathetic system. More-
ovet, this representation varies in real time in order to follow
in real time the change in the respective activities of the
sympathetic and parasympathetic systems. This following in
real time makes it possible for example for the patient to
control his ANS by carrying out appropriate actions, in
particular in order to increase the activity of his parasym-
pathetic system.

[0126] In terms of the reliability of the calculation from a
mathematical standpoint, i.e. in an ideal condition where the
BCG signal is correctly captured by the ECG sensor 110, the
calculations of the parameters TAS and TAP are, in relation
to those of the known methods of frequency analysis, much
more precise. The number N of beats can be reduced to a
number between 20 and 40.

[0127] Comparisons of the two types of calculations
(method of the invention and known methods of frequency
analysis) shall be supplied in FIGS. 5(a), 5(b) and 6(a) to
6(d) illustrated later.

[0128] However, for example when the ECG signal of the
person 10 is captured during a sports activity, the number N
of beats is more preferably between 200 and 350 (i.e. the
duration of the recording of the beats of an ECG signal is
about three minutes), because in practice, 200 to 350 suc-
cessive beats make it possible to reflect a pertinent physi-
ological state.

[0129] Indeed, the calculations proposed by the invention
make use of simple mathematical implementations, which
makes it possible to obtain in real time a calculation result,
in particular in an embodiment wherein the number N of
heartbeats is less than, for example, 1000.

[0130] As such, two parameters TAS(tx) and TAP(tx)
respectively showing the activity of the sympathetic system
and that of the parasympathetic system, can be calculated, in
real time, by using for example a certain number of the last
heartbeats measured by the ECG sensor 110.

[0131] In a preferred but not limiting embodiment, a
sliding sampling window can be used to sample W heart-
beats that will be used to calculate the parameters TAS (t,)
and TAP(t,) of an ECG signal. The invention is not however
limited to methods for selecting or for sampling heartbeats
used for the calculations of the parameters TAS(t,) and
TAP(t,).

[0132] With a sliding window of which the number of
samples is W, the data processing module 222 can carry out,
at each moment such as a new heartbeat measured at the
moment t_of the ECG signal, calculations of the parameters
TAS(t,) and TAP(t,) in order to obtain in real time results of
calculations that show the activity of the sympathetic system
and that of the parasympathetic system between two heart-
beats (i.e. the (X-W+1)” and the x” heartbeats) respectively
at the moments ty ., and t_of the ECG signal.

[0133] The number of RR intervals between the two
heartbeats at moments t, .., and t,_ is therefore W-1.
[0134] In a preferred but not limiting embodiment, the
calculations of the parameters TAS(t,) and TAP(t) are
carried out after the W heartbeat of the ECG signal. For
example, in order to obtain a result that reflects the activities
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of the sympathetic and parasympathetic systems, the number
of samples W is for example between 10 and 30.

[0135] The calculation of the parameter TAS(t,) is repre-
sented in the equation (4) hereinbelow:

X Eq. 4)
(fe =) i (g < @)
=X"wa2

TAP(1y) = 100- -

> e —nen)

k=X-W+2

in which a; =5, —1,_;

[0136] In a manner close to that of the calculation of the
parameter TAS, the parameter TAS(t ) is calculated, using
the W-1 RR intervals of the HRV derived from a sampling
duration TE from the ECG signal comprising W heartbeats
between the two heartbeats respectively measured at
moments ty_,., and t, of the ECG signal, in such a way as
to sum the values a, if a segment between two values a, and
a,_, 1s decreasing; i.e. the values a, are accumulated of
which each one is less than the immediately preceding value
a,_,. The sum of the values a, corresponding to the decreas-
ing segments is then divided by the sum of all of the W-1
values ay._ 7,0, Ay g3 tO @,

[0137] The calculation of the parameter TAP(t,) follows
the equation (5) hereinbelow:

X Eq. (5
(6 =) if (e 2 a-1)
TAP(1y) = 100 X012 k
AZX;W+2 (t _tkil)
[0138] In a manner close to that of the calculation of the

parameter TAP, the parameter TAP(t,) is calculated, using
the W-1 RR intervals of the HRV derived from a sampling
duration TE comprising W heartbeats between the two
heartbeats respectively measured at moments ty_y.; and t,
of the ECG signal, in such a way as to accumulate values a,
if a segment between two values a, and a,_, is rising; i.e.
values a, are accumulated of which each one is greater than
the immediately preceding value a,_;. The sum of the values
a,, corresponding to the rising segments is then divided by
the sum of all of the W-1 values ay_;,,5, 8y yr,5 10 .

[0139] FIG. 4 shows the parameters TAS(t,) and TAP(t)
obtained in real time by a calculation based on 30 samples
of the sliding window at each moment t_ (W=30). As shown
in FIG. 4, the states of the sympathetic and parasympathetic
systems of the person 10 are calculated in real time and
shown as the sampling duration TE unfolds between the
moment of departure at the 32 second and the moment of
the end at the 316” second.

[0140] According to an advantageous but optional
embodiment, the data processing module 222 furthermore
carried out the calculation of the designated parameters
TPSP and TPPS.

[0141] The parameter TPSP is configured to represent the
rate of pollution of the sympathetic to the parasympathetic
system which likely indicates a poor respiration quality of
the person 10 due to the stress perceived or from a physical
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effort. The calculation of the parameter TPSP is calculated
according to the equation (6) hereinbelow:

N-1 Eq. (6)
Z (t, —1,1) if (@, <a,_; and
n=1

Qy1 > Gy and apy > G
TPSP= 100 n—1 n—2 ntl n)

N-1
2 (ln=t-1)

n=1

[0142] The parameter TPSP is calculated, using the N-1
RR intervals of the HRV derived from the ECG signal
comprising N heartbeats, in such a way as to accumulate
values a, if a segment between two values a, and a, , is
decreasing and between two adjacent rising segments of
which one precedes said segment and the other follows said
segment.

[0143] In other words, this rate of pollution TPSP takes a
decreasing segment into account which disturbs the increas-
ing monotonous trend, also designated as the increasing
trend, formed by two rising segments of which one precedes
said decreasing segment and the other follows said decreas-
ing segment.

[0144] The sum of the values a, satisfying the conditions
hereinabove is then divided by the sum of all of the values
a,;, a,toa,,.

[0145] The parameter TPPS is configured to represent the
rate of pollution from the parasympathetic system to the
sympathetic system which likely indicates a poor respiration
quality of the person 10 during rest or the recovery after a
physical effort. The calculation of the parameter TPPS is
represented in the equation (7) hereinbelow:

-l Eq.(7)
=5 if (@ > a1 and

n=

Op-1 <y and Apy1 < Gy)
N-1

Z ([n - [nfl)

n=1

TPPS=10C-

[0146] The parameter TPPS is calculated, using the N-1
RR intervals of the HRV derived from the ECG signal
comprising N heartbeats, in such a way as to accumulate
values a, if a segment between two values a, and a,_, is
rising and between two decreasing adjacent segments of
which one precedes said segment and the other follows said
segment.

[0147] In other words, this rate of pollution TPPS takes a
rising segment into account which disturbed the decreasing
monotonous trend, also designated as decreasing trend,
formed by two decreasing segments of which one precedes
said rising segment and the other follows said rising seg-
ment.

[0148] The sum of the values a, satisfying the conditions
hereinabove is then divided by the sum of all of the values
a;, a, to ay. .

[0149] In another embodiment, a simplified estimation of
the rates of pollutions TPSP and TPPS can be obtained by
calculating the number of occurrences where the monoto-
nous trends (increasing or decreasing) of the HRV in relation
to the number of RR intervals which is N-1.
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[0150] Two parameters TPSP and TPPS, a simplified
estimation for the parameters TPSP and TPPS respectively,
are shown in the equations (8) and (9) hereinbelow:

N-1 Eaq. ()
Z 1if (@, < ap-y and ap-1 > @y and a4y > Gy)
TPSP=100. =,
N-1
N-1 Eq.(9)
Z 1if (a, > a,_; and a,_| < a, , and a,,1 <a,)
TPPS = 100- 22
N-1
[0151] The values of the parameters TPSP and TPPS are

the simplified versions of the parameters TPSP and TPPS in
terms of mathematical calculations. They are considered to
be approximated estimations which are in practice often
close to the values of the parameters TPSP and TPPS.

[0152] As for the parameters TAS and TAP, the calcula-
tions hereinabove in order to obtain the parameters TPSP
and TPPS are simple mathematical implementations, which
as such makes it possible to obtain results in real time, in
particular in an embodiment wherein the number N of
heartbeats is less than, for example, 1000.

[0153] As such, as for the calculations of the parameters
TAS(t,) and TAP(t,), the data processing module 222 carries
out, at each moment such as a new heartbeat measured at the
moment t_of the ECG signal, calculations of the parameters
TPSP(t,) and TPPS(t,) using W heartbeats between two
heartbeats (i.e. the (X-W+1)” and the x” heartbeats) respec-
tively at moments ty. ;. , and t, of an ECG signal.

[0154] These W heartbeats can be obtained by using a
sliding window. The invention is not however limited to
methods for selecting or for sampling heartbeats used for the
calculations of the parameters TPSP(t) and TPPS(t,).

[0155] In a preferred but not limiting embodiment, the
calculations of the parameters TAS(t) and TAP(t) are
carried out after the W* heartbeat of the ECG signal. In
addition, the number of RR intervals of the HRV between
the two heartbeats measured at moments ty 5, and t_is
W-1.

[0156] The calculation of the parameter TPSP(t,) is rep-
resented in the equation (10) hereinbelow

X Eq. (10)
Z (ty — fr_y) if (@ <y and
E=X-W+2
i1 > Gy and >
TPSP(ry) = 100 — 2t “; and Gt > ay)
Y (o —ter)
k=X-W+2

[0157] In a manner close to that of the calculation of the

parameter TPSP, the parameter TPSP(T)) is calculated,
using the W-1 RR intervals sampled, in such a way as to
accumulate values a, if a given segment between two values
a, and a,_, is decreasing and therefore perturbs the increas-
ing monotonous trend formed by the two rising segments
and adjacent to said given segment of which one precedes
said decreasing segment and the other immediately follows
said decreasing segment.
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[0158] The sum of the values a, satisfying the conditions
hereinabove is then divided by the sum of all of the W-1
values ay._ 5, 8y _p.s 10 4.

[0159] The calculation of the parameter TPPS(t)) is rep-
resented in the equation (11) hereinbelow

X Eq.(11)
Z (e — 1) if (ag > a_y and

k=X-W+2

-1 < ag—y and agy <)

TPPS(ty) = 100-

X
Y (-n-1)
E=X-W2

[0160] In a manner very similar to that of the calculation
of the parameter TPPS, the parameter TPPS(T,) is calcu-
lated, using the W-1 RR intervals sampled, in such a way as
to accumulate values a, if a given segment between two
values a, and a,_, is rising and therefore disturbs the
decreasing monotonous trend formed by the two decreasing
segments and adjacent to said given segment of which one
precedes said rising segment and the other follows said
rising segment.
[0161] The sum of the values a, satisfying the conditions
hereinabove is then divided by the sum of all of the W-1
values ay_ o, Ay prs - - -5 A
[0162] The parameters TPSP and TPPS represent the
quality of the respiration (TPSP for inhalation and TPPS for
exhalation) of the person 10. When the person 10 is in a state
of rest by practicing coherent respiration, the values of the
parameters TPSP and TPPS are less than 1% and can be very
close to 0%. In another case wherein the person 10 is still in
a state of rest but by breathing normally (without cardiac
coherence), the values of the parameters TPSP and TPPS are
about 10%.
[0163] The module for displaying data 130 is coupled, by
a wired or wireless communication such as by radio waves,
to the data processing module 222. This module for display-
ing data 130 is configured to receive at least one portion of
the results of the method of analysis carried out by the data
processing module 222 such as parameters TAS, TAP, TPSP,
TPPS, TAS(t,), TAP(t,), TPSP(t,), TPPS(t,) and give a
visual representation thereof on a display screen. For
example, the results of the calculations of the parameters
TAS and TAP as shown in FIGS. 3 and 4 are visually
displayed graphically by the module for displaying data 130.
Results of the calculations of the parameters TAS, TAP,
TPSP, TPPS, TAS(t,), TAP(t,), TPSP(t,), TPPS(t,) can be
displayed graphically or in an audible manner.
[0164] According to an embodiment, the module for dis-
playing data 130 is incorporated into an electronic device
such as a mobile telephone, a tablet, a computer, a watch,
etc.
[0165] The invention is not limited to means of commu-
nication used to carry out the wired or wireless communi-
cation between the module for displaying data 130 and the
data processing module 222 or to the implementation of the
module for displaying data 130.
[0166] Other examples of visual representation that can be
displayed on a screen are given hereinbelow:

[0167] Object (car, plane), human or animal character

of which the behavior or animation varies according to
the parameter or parameters calculated.
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[0168] Geometric figures of which the dimensions and/
or the color vary according to the parameter or param-
eters calculated (for example circles, ellipses, squares,
triangles).

[0169] The calculations of the parameters TAS, TAP,
TPSP, TPPS, TAS(t,), TAP(t,), TPSP(t,), TPPS(t,) of the
method of analysis according to the invention, carried out by
the data processing module 222, are temporal analyses using
the HRV derived from an ECG signal.

[0170] In addition, the parameters such as hereinabove
make it possible to measure and to indicate the energy level
of the body of the person 10 in a state of rest or/and in
activity for example during a sports activity.

[0171] The method of temporal analysis of the invention
as such has several advantages hereinbelow:

[0172] 1) Monitoring of the Sympathetic and Parasympa-
thetic Systems Independently and Simultaneously:

[0173] As mentioned hereinabove, the method of the
invention divides the valuesa, a,, to a,, ; of the RR intervals
into two groups.

[0174] More precisely, the parameter TAS, reflecting the
activity of the sympathetic system, is calculated in such a
way as to sum only the values a, corresponding to the
decreasing segments as explained hereinabove while the
parameter TAP, reflecting the activity of the parasympathetic
system, is calculated in such a way as to sum only the values
a,, that correspond to the rising segments. The two parasym-
pathetic and sympathetic branches can as such be monitored
independently in real time, which allows a person or the
doctor to verify in real time the level of stress perceived (for
example when the parameter TAS is greater than the param-
eter TAP) and to determine adapted remedies and carried out
more preferably on site in order to decrease the value of the
parameter TAS. The result of the remedies applied can also
be verified on site and in real time. The doctor or the user can
then retroact on the remedies or actions to be carried out in
order to return the activity of the ANS to the desired value
or return the balance between sympathetic and parasympa-
thetic systems to the balance desired.

[0175] The parameters TPSP and TPPS use these charac-
teristics and therefore also make it possible to show indi-
vidually, during the same period of monitoring, the level of
interference between the two sympathetic and parasympa-
thetic branches of the ANS, which as such allows a person
or the doctor to verify in real time the quality of the
respiration.

[0176] The higher the value of the parameters TPSP and
TPPS is, the lesser the quality of the respiration is. In the
case of a normal and unconscious respiration, the values of
the parameters TPSP and TPPS are about 10%. In the case
of a coherent and symmetrical respiration, for example 5
seconds of inhalation and 5 seconds of exhalation, the values
of the parameters TPSP and TPPS are substantially equal to
Zero.

[0177] On the other hand, the methods of frequency analy-
sis that apply calculations such as the FFT on the HRV
cannot separate the data concerning the sympathetic branch
from those concerning the parasympathetic branch. In other
words, the data concerning the sympathetic and parasym-
pathetic systems are mixed and in a random manner. The
separation of the data of these two systems is therefore not
possible.

[0178] A person or the doctor therefore cannot determine,
using the calculations obtained by the methods of frequency
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analysis, the activity of the sympathetic branch indepen-
dently from that of the parasympathetic branch and
inversely.

[0179] Ifaperson inhales for 5 seconds and exhales for the
following 5 seconds, it can be considered that the person is
breathing in a coherent symmetrical manner.

[0180] FIG. 5(a) shows a spectrum of the HRV that
comprises a single spike at 0.1 Hz and corresponds to a
period of respiration of 10 seconds (5 seconds of inhalation
and 5 seconds of exhalation). As such, it is not possible to
separate the data of the two sympathetic and parasympa-
thetic branches using such a spectrum. Indeed, the only valid
piece of information obtained from the spectrum is the
respiratory frequency of which the spike is at 0.1 Hz.

[0181] In a second example, a person breathes uncon-
sciously (random) in a state of rest. FIG. 5(5) shows a
spectrum of the HRV according to the second example.

[0182] Note that a random spectral distribution changes
each time due to the change in the activity carried out by the
person and/or the change in the breathing rate of the person.
The spectral distribution of the HRV therefore represents the
respiratory frequency comprising the data of the two
branches of the ANS already cumulated and mixed in an
inseparable manner in the temporal domain.

[0183] It is thus no longer possible to discriminate each
component using the spectral distribution of the HRV. In
other words, it is then impossible to extract the desired
information using the spectral distribution of the HRV
comprising the data that is inseparably mixed of the two
branches of the ANS.

[0184]

[0185] The calculations of the temporal analysis such as
hereinabove are simple mathematical implementations.

[0186] In relation to the methods of frequency analysis
that involve calculations that require a complexity that is
substantially greater such as the FFT, the CDM method, etc,
the calculations of the parameters TAS, TAP, TPSP, TPPS,
TAS(t,), TAP(f), TPSP(t,), TPPS(t,) consume less execu-
tion time and therefore make it possible to monitor in real
time the activities of the sympathetic and parasympathetic
systems. It is then possible to retroact in real time in order
to control the activity of the ANS.

[0187] In an embodiment of the methods of frequency
analysis in real time wherein W (the number of samples of
the FFT sliding window) is 20 and the heart rate is 60
beats/minute, the spectral precision is 0.05 Hz (Hertz)=Y%0
Hz, and this results in that it is necessary to analyze and to
separate a spectrum that spreads between 0 and 0.5 Hz with
only 10 points of FFT.

[0188] As such, in order to obtain reasonable precision for
example of 0.005 Hz, W should be 200, with the methods
based on a frequency analysis, it is necessary to have the
data from 200 heartbeats. The technique of inserting zeros
(zero padding) can possibly increase the spectral resolution
but does not increase the precision of the frequency analysis.
An execution time of more than 3 minutes is required with
a mean heart rate of for example 60 beats/minute in order to
have a first result; in other words, the result of the calcula-
tions cannot easily be obtained in real time.

[0189] 3) Improved Precision Thanks to the Better Signal-
to-Noise Ratio and Reduced Sensitivity to False Heartbeats.

2) Following in Real Time:
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[0190] The sensitivity to false beats and/or to the various
arrhythmias of the method of temporal analysis of the
invention is low due to a linear dependence between the
error and the result.

[0191] In an example using 300 heartbeats of which two
are false beats, parameters TAS and TAP of the invention are
calculated, the error rate is about 2400=0.0066% and is
therefore negligible.

[0192] Inversely, by implementing the frequency analysis
and by taking the same example, two false beats lead to an
effect that is much greater as shown in what follows in
reference to FIGS. 6(a) to 6(d).

[0193] FIG. 6(a) shows a portion of a first ECG signal and
its HRV, with the first ECG signal comprising 300 beats
without adding false heartbeats. FIG. 6(b) shows a portion of
a second ECG signal and its HRV, the second ECG signal
being obtained by adding two false beats respectively at
moments t=62 sec and t=80.5 sec to the first ECG signal.
[0194] FIGS. 6(c) and 6(d) respectively show the spectra
of HRV obtained by carrying out a conventional frequency
analysis of the HRV of the first ECG signal (without false
beats) and those for the second ECG signal (with two false
beats).

[0195] The spectrum shown in FIG. 6(d) is substantially
affected by the noise resulting from the two false beats. The
two false beats could possibly be removed manually after
the end of the acquisition of an ECG signal and before the
spectral analysis of the HRV, but in this case any notion of
real time disappears. In addition, in a case of arrhythmia, the
HRYV spectra would be even more seriously affected.
[0196] As such, it is clear that the method of temporal
analysis of the invention is, in relation to the methods of
frequency analysis, less sensitive to noise.

[0197] 4) Non-Invasive Method Able to be Used in a
Sports Environment

[0198] The calculations are based on RR intervals and do
not need other types of data. The RR intervals can be
measured by an ECG sensor 110 in a non-invasive manner
and in an environment that imposes constraints such as a
sports environment.

[0199] The parameters TAS, TAP, TPSP and TPPS of the
invention show effectively as such the activity of the sym-
pathetic system and that of the parasympathetic system and
thus make it possible for researchers and doctors to have a
precise and reliable representation of the ANS, which as
such allows them to increase the pertinence of their diag-
nostics and to reduce the time and therefore the cost of
acquisition and obtaining the representation. A user can
moreover verify his state of stress by viewing the results of
said parameters, and can therefore correlate them with the
emotional state of the person and/or the physical activities
that the person has carried out.

[0200] These parameters can be applied to various calcu-
lations such as a calculation of the stress perceived and
accumulated by a person, a calculation showing the emo-
tional state linked to a stressful situation, or/and that of the
energy expended by a player during a sports activity, etc.
[0201] One of the applications is the estimation of the
stress accumulated over a long period. For example, is a
person breathes in a coherent and symmetrical manner (i.e.
5 seconds of inhalation followed immediately by 5 seconds
of exhalation, constituting a cardiac coherence), the result of
the calculations of the parameters TAS and TAP shows that
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the ANS system of the person 10 is balanced. That is to say
the TAS and the TAP are respectively 50% and the TAS/TAP
ratio is therefore equal to 1.

[0202] However, if the person is subjected to prolonged
stress, for example several weeks, months or years, the result
of the calculations of the parameters TAS and TAP shows an
imbalance (values of the TAS greater than that of the TAP),
and reflects this state of stress.

[0203] A parameter SL configured to represent the stress
level of the person 10 is represented in the equation (12):

SL=100+T4S-TAP Eq. (12)

[0204] This estimation of the stress level can be carried
out in real time, for example, at the moment t,_ of the ECG
signal, by using the parameters TAS(T,) and TAP(T,) such
as hereinabove. The estimation of the stress level SI(T)) is
represented in the equation (13):

SL(£,)=100+T4S(t)-TAP(z,) Eq. (13)

[0205] FIG. 7(a) shows the results of an example of a
calculation of the parameter SL.

[0206] In this example, the person 10 has been subjected
to a stress over the long term. The stress level SL is equal to
126.3%, which shows a malfunction of the ANS system with
an increase in the sympathetic activity and a decrease in the
parasympathetic activity. In this example, the TAP/TAS ratio
is 1.68.

[0207] On the other hand, a value of the parameter SL less
than 100 (i.e. the TAS/TAP ratio being less than 1) shows
that the person is not undergoing any specific stress or that
the impact of the stress is very limited for example due to an
excellent capacity for managing stress or an environment
that is not very stressful.

[0208] A value of the parameter SL equal to 100 shows
that the person does not have any particular stress problems.
[0209] According to an advantageous embodiment, the
data processing module 222 is configured to generate a
respiration stimulus, more preferably symmetrical, intended
to be supplied to the person 10 for a duration T, in such a way
as to adjust the stress level of the person 10. The term
symmetrical respiration designates a respiration during
which the inhalation is as long as the exhalation.

[0210] The respiration stimulus comprises a visual stimu-
lus, or/and an audible or/and olfactory stimulus. A visual
stimulus comprises for example relaxing images or videos:
landscape with good weather such as a sunny beach. An
audible stimulus comprises for example sounds of the sea
and seagulls. An olfactory stimulus comprises for example
odors of the sea.

[0211] In an embodiment wherein the respiration stimulus
comprises a combination of the visual, audible or/and olfac-
tory stimuli, these visual, audible or/and olfactory stimuli
are more preferably coherent with each other and generated
simultaneously.

[0212] The respiration stimulus comprises a respiratory
setting in such a way that the person 10 breathes symmetri-
cally. The respiration stimulus lasts for a time T which is
calculated, more preferably by the data processing module
222, according to at least the heart rate (HR). According to
a preferred embodiment, the duration T is generated by using
a sinusoidal signal of a frequency for example of 0.1 Hz
which is obtained by sampling, with a frequency higher than
0.01 Hz, the heart rate (HR). The respiratory setting of the
duration T of 10 seconds therefore comprises an inhalation
of 5 seconds and an exhalation of 5 seconds. As such, the
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respiration stimulus is supplied to the person 10 so that the
person 10 can regulate his respiration by carrying out an
inhalation of 5 seconds and an exhalation of 5 seconds.
[0213] In an advantageous embodiment, the method for
regulating further comprises a continuous linear correlation,
carried out preferentially by the data processing module 222,
according to at least the respiration stimulus and the HR by
taking a number of samples of heartbeats between 10 and 30
and, more preferably 30. The calculation of the linear
correlation makes it possible to estimate a level of adapta-
tion of the ANS system of the person 10 to the setting for the
respiration stimulus.

[0214] In an advantageous embodiment, the HR is calcu-
lated in real time and the duration T is calculated and
adjusted also in real time by applying an equation (14) in
which the HR is the heart rate of the person 10:

T= 10*(@) Eq. (14)
HR
[0215] As such, the regulating of the ANS system of the

person 10 is carried out in real time, thus allowing the person
10 to rapidly obtain a maximum of comfort.

[0216] In addition, a value of chronic stress CS is calcu-
lated according to the mean value of the parameter SL(t))
over said duration T of the respiration stimulus. Preferably,
the value of chronic stress CS is equal to the mean value of
the parameter SL(t,) over said duration T of the respiration
stimulus.

[0217] Another application of these parameters relates to
the estimation of the residual stress of a person during a
sports activity. A parameter RSL configured to represent the
residual stress level of the person 10 is represented in the
equation (15):

HRRest

Eq.(15
RSL = SL. Fest 419
TR

[0218] This estimation of the residual stress level can be
carried out in real time, for example, at the moment t_ of the
ECG signal. The estimation of the residual stress level
RSL(T,) is represented in the equation (16):

HR gest
HR(ix)

RSL(tx) = SL{1x)- Eq. (16)

[0219] in which HR,,,, is the heart rate at rest, i.e. the
person 10 is inactive for at least 20 seconds and preferably
40 seconds, HR(t)) is the heart rate at the moment ¢ .
[0220] FIG. 7(b) shows the results of an example of a
calculation of the parameters SL(t,), RSL(t,) and HR(t))
during a rest phase, a phase of sports activity and a recovery
phase.

[0221] The parameters TAS, TAP, TPSP, TPPS, the appli-
cations such as SL, CS and RSL and declinations thereof in
real time, can be used in video games and simulators in order
to show the state of the ANS and therefore the emotional
state of a player/patient. The stress level, the level of energy
of the person can as such be detected.

[0222] As described above, the module for displaying data
1301s configured to receive at least one portion of the results
of the method of analysis carried out by the data processing
module 222 such as parameters TAS, TAP, TPSP, TPPS, SL,
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CS, RSL, TAS(t,), TAP(t,), TPSP(t,), TPPS(t,), SL{t,),
RSL(t,). The module for displaying data 130 is also con-
figured to display at least one portion of the results of the
parameters hereinabove, visually (for example a graph)
or/and in an audible manner.

[0223] Note that in terms of the reliability of the calcula-
tion from a mathematical standpoint, i.e. in an ideal condi-
tion wherein the ECG signal is correctly captured by the
ECG sensor 110, the calculations of the parameters and of
the applications proposed by the invention are, in relation to
those of the known methods of frequency analysis, much
more precise. The number (N or W) of beats can be reduced
to a number between 20 and 40.

[0224] A possible application consists for example in
taking into account the activity of one or several of these
parameters relative to the ANS in order to modify the
behavior of an avatar. Such can be the case in a video game
or in a medical or wellness program wherein the avatar,
character, animal or animated object would see their repre-
sentation and/or their behavior and/or there faculties modi-
fied according to the parameters relating to the ANS.
[0225] In the framework of a video game, an objective
would be to increase the realism of the game and to increase
the sensation of the player.

[0226] In the framework of a medical or wellness pro-
gram, an objective would be to control the ANS in order to
modify the representation and/or the behavior and/or the
faculties of the avatar in such a way as to achieve an
objective. For example, for children, controlling the respi-
ration would impact in real time the representation of an
avatar such as an plane in flight, in such a way as to stabilize
the plan on a screen, therefore encouraging the child to
better control his respiration. The invention as such proposes
a system for assisting with the regulating of the ANS.
[0227] As such, the visual representation in real time of
the activity of the ANS of a subject makes it possible to
retroact in order to modify the ANS in real time. According
to the applications, this retroaction can be: controlled by the
person themselves, for example in order to reduce their
stress; or controlled by another person or an external system
so as to provide the subject, as described above, respiration
stimuli in order to modify their emotional state or their stress
level.

[0228] Alternatively to a visual representation, the inven-
tion can also provide an audible or touch-sensitive repre-
sentation of the parameters calculated and relating to the
ANS.

[0229] The invention can also cumulate a visual, audible
or touch-sensitive representation of the parameters calcu-
lated and relating to the ANS.

[0230] The invention is not limited to only the modes and
embodiments described hereinabove, but extends to all of
the embodiments that fall within the scope of the claims.
[0231] In particular, the invention does not extend only to
the methods and systems allowing for the calculation of each
one of the parameters TAS, TAP, TPSP, TPPS, SL, CS and
RSL. It also extends to the methods and systems allowing
for the calculation of one or of only some of the parameters
TAS, TAP, TPSP, TPPS, SL, CS and RSL.

1. A method of monitoring the autonomic nervous system
(ANS) of a subject, the method comprising the following
steps:

acquiring at least one physiological signal, with this

physiological signal comprising W heartbeats, with
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each heartbeat being detected at a moment t, with t
betweenty_ ., and t, the moment t, being the last beat
of the W heartbeats;

generating a data which is a function of the variability of
the heart rate (HRV) over all of the W heartbeats, with
the HRV W-1 RR intervals separating two consecutive
heartbeats detected respectively at the moments t,_,
and t,, each RR interval having a duration with a value
a,=t,~t, , with k=(X-W+2) . . . X; comprising:

using at least one microprocessor to calculate at least one
parameter taken from:

the parameter TAS(t, ) representing the level of activity of
the sympathetic system and which is according to the
ratio between on the one hand a first sum obtained by
summing, among the values a,, only those that are
greater than the value a,_, of the immediately preced-
ing interval and a second sum obtained by summing all
of the W-1 values a,; and/or

the parameter TAP(t,) representing the level of activity of
the parasympathetic system and which is according to
the ratio between on the one hand a first sum obtained
by summing, among the values a,, only those that are
less than the value a,_, of the immediately preceding
interval and a second sum obtained by summing all of
the W-1 values a,; and/or

the parameter SL(t) representing a stress level of the
subject at the moment t, and calculated by applying the
following equation:

SL(z,)=100+T4S(t )~ TAP(1,);

supplyving a data representative of said at least one param-

eter.

2. The method of monitoring according to claim 1 com-
prising:

generating a respiration stimulus supplied to the subject

for a duration T, with the respiration stimulus compris-
ing a respiratory setting so that the subject breathes
symmetrically;

the duration T being calculated according to at least one

data according to the heart rate (HR) of the subject.

3. The method of monitoring according to claim 2
wherein at least one parameter comprises a value of chronic
stress CS which is a function of the parameter SL(t,) during
said duration T.

4. The method of monitoring according to claim 3
wherein the value of chronic stress CS is equal to the mean
value of the parameter SL(t,) over said duration T of the
respiration stimulus.

5. The method of monitoring according to claim 2 com-
prising the calculating and the displaying of a mathematical
correlation between the heart rate (HR) of the subject and a
function that controls the respiration stimulus.

6. The method of monitoring according to claim 1
wherein said at least one parameter comprising a parameter
RSL(t,) relative to the residual stress level of the subject at
the moment t,. and calculated by applying the following
equation:

RSL(rx) = SL(ty) -

HRRtsr
HR(tx)

in which HRy,, is the heart rate at rest, i.e. the subject is
inactive for a duration of rest comprised of at least 20
seconds and preferably 40 seconds, HR(t,) is the heart rate
at the moment t..
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7. The method of monitoring according to claim 1 com-
prising the calculation of at least one from among the
following two parameters:

the parameter TPSP(t,) representing the rate of pollution

from the sympathetic system to the parasympathetic
system and which is according to the ratio between on
the one hand a first sum obtained by summing, among
the values a,, only those that satisfy the following
condition: a,<a, , anda,_,>a, ,anda,, >a, and onthe
other hand a second sum obtained by summing all of
the W-1 values a,; and/or

the parameter TPPS(t ) representing the rate of pollution

from the parasympathetic system to the sympathetic
system and which is according to the ratio between on
the one hand a first sum obtained by summing, among
the values a,, only those that satisfy the following
condition: (az>a,_, and a, ,<a, , and a,,,<a;) and on
the other hand a second sum obtained by summing all
of the W-1 values aj.

8. The method of monitoring according to claim 7
wherein said at least one parameter is the TAS(t, ) represent-
ing the level of activity of the sympathetic system and
wherein the TAS (t,) is calculated by applying the following
equation:

X
Z (B = f-1) i (@ < @)
TAS(ty) = 100. =XV

X

2 (= t-1)
k=X-W-2
in which:
a,_,=value of the interval of time immediately preceding
the internal of time of duration a,, i.e. a,_;=t,_ -t,_,.

—f=(X-WH2),(X-T43) . . X.

9. The method of monitoring according to claim 1
wherein said at least one parameter is the TAP(t ) represent-
ing the level of activity of the parasympathetic system and
wherein the TAP(t,) is calculated by applying the following
equation:

X
Z (5 — 1) if (@ 2 ai-1)
TAP(y) = 100 ZX0+2

X

2 (e=tr)
k=X-W+2
in which:
a,_,=value of the interval of time immediately preceding
the internal of time of duration a,, i.e. a,_;=t,_,~t;_».
FEX-PH2),(X-T43) L L X

10. The method of monitoring according to claim 7
wherein said at least one parameter is the TPSP(t,) and
wherein the TPSP(t, ) is calculated by applying the following
equation:

TPSP(ix) =

X
Z (te = 1) if (@ < gy and a1 > a2 and gy > ar)

=X We2
X
( 2 ([}:_[k—l)]

k=X-W+2
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in which:
a,_,=value of the interval of time immediately preceding
the internal of time of duration a,, ie. a,_;=t,_,;~t;_,.

= (=T2),(X=T43) . .. X,

11. The method of monitoring according to claim 7
wherein said at least one parameter is the TPPS(t) and
wherein the TPPS(t,) is calculated by applying the following
equation:

TPPS(tx) =
X
Z (t = e-1) if (@ > -y and @) <@y and qey) <)
100 =2
X
2 (i—ny)
k=X-W+2
in which:

a,_,=value of the interval of time immediately preceding
the internal of time of duration a,, ie. a,_;=t,_;-t; 5.

=(=T2) (X=T43) .. X.

12. (canceled)

13. The method of monitoring according to claim 1
wherein a parameter TPSP is calculated representing the
approximate rate of pollution of the sympathetic to the
parasympathetic system and calculated by applying the
following equation:

=

-1
1if (@, <ap_y and a,_| > @y and G,y > ap)

"

TPSP=100-

N-1

14. The method of monitoring according to claim 1
wherein a parameter TPPS is calculated representing the
approximate rate of pollution from the parasympathetic
system to the sympathetic system and calculated by applying
the following equation:

N-
Z 1if (@, » ay—y and a,_; < ay_p and Gpyy < ap)

n

TPPS = 100-

N-1

15. The method of monitoring according to claim 1
wherein supplying a data representative of said at least one
parameter comprises at least one of:

the supplying of a visual representation of said at least one

parameter;

the supplying of an audible representation of said at least

one parameter;,

the supplying of a visual and audible representation of

said at least one parameter; and/or

displaying on the screen of one from among the following

devices: a watch, a telephone, a portable computer, a
tablet.

16. (canceled)

17. The method of monitoring according to claim 1
wherein said at least one parameter is calculated in real time
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or at regular intervals and a step of supplying a visual
representation of the change over time of said at least one
parameter.

18. The method of monitoring according to claim 1
wherein at least two parameters are calculated, with at least
one of the parameters being taken from the TAS(t ) and the
TPSP(t,) and at least one other parameter taken from the
TAP(t,) and the TPPS(t,) and comprising a step of supplying
a visual representation of said at least two parameters, said
at least two parameters being represented independently
from one another.

19-20. (canceled)

21. The method of monitoring according to claim 1
wherein said at least one parameter is calculated in real time
and wherein the visual representation of the change over
time of said at least one parameter comprises the displaying
of at least any one of:

at least an avatar of which the animation or the visual

change is a function of the change over time of said at
least one parameter;

at least one animated object of which the animation or the

visual change is a function of the change over time of
said at least one parameter;

a graph that changes over time and/or a bar that changes

over time.

22. (canceled)

23. The method of monitoring according to claim 21
wherein the physiological signal is an electrocardiogram
signal (ECG).

24. A computer program product comprising instructions
stored on a non-transitory computer readable medium,
which when they are carried out by at least one processor,
execute the method as claimed in claim 21.

25. A system for monitoring the autonomic nervous
system (ANS) of a subject, comprising a sensor configured
to receive the data from a physiological signal comprising W
heartbeats, with each heartbeat being detected at a moment
t, with t between ty. -, and t_, the moment t, being the last
beat of the W heartbeats;
and comprising at least one data processing module pro-
vided with at least one processor configured to execute the
following steps:

generating of a data which is a function of the variability

of the heart rate (HRV) over all of the W heartbeats,
with the HRV comprising W-1 RR intervals separating
two consecutive heartbeats detected respectively at the
moments t,_, and t;, each RR interval having a duration
with a value a;=t,—t, , with k=(X-W+2) . . . X;
comprising:

calculating at least one parameter taken from:

the parameter TAS (1, ) representing the level of activity of

the sympathetic system and which is according to the
ratio between on the one hand a first sum obtained by
summing, among the values a,, only those that are
greater than the value a,_, of the immediately preced-
ing interval and a second sum obtained by summing all
of the W-1 values a,; and/or

the parameter TAP(tx) representing the level of activity of

the parasympathetic system and which is according to
the ratio between on the one hand a first sum obtained
by summing, among the values a,, only those that are
less than the value a,_, of the immediately preceding
interval and a second sum obtained by summing all of
the W-1 values a,; and/or
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the parameter SL(t)) representing a stress level of the
subject at the moment t, and calculated by applying the
following equation:

SL(t,)=100+T4S(t,)- TAP(t,);

and comprising a device for displaying, coupled to the data
processing module and configured to supply the subject with
a data representative of said at least one parameter.

26-38. (canceled)
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