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(54) Title: DEVICE AND METHOD FOR DETECTING AND SIGNALLING A STRESS STATE OF A PERSON

(34)

Bezeichnung

BELASTUNGSZUSTANDES EINER PERSON

VORRICHTUNG UND VERFAHREN ZUM ERKENNEN UND MELDEN EINES

(57) Abstract: The invention relates to a device for determining the current stress state of a person in a simple manner, which device
measures the pulse rate and based on that additionally determines the heart rate variability. In addition, at least one parameter should
be used for the history of one of the two above-mentioned values. The deviation of the pulse rate and the heart rate variability from a
normal variable is preferably integrated and used as an additional stress indicator.

(57) Zusammenfassung: Um den momentanen Stresszustand einer Person einfach bestimmen zu kénnen wird eine Vorrichtung
vorgeschlagen, die die Pulsrate misst und daraus zusétzlich die Herzratenvariabilitdt bestimmt. Zusétzlich soll mindestens ein
Parameter zur Historie einer derbeiden vorgenannten Werte verwendet werden. Vorzugsweise wird die Abweichung der Pulsrate und
der Herzratenvariabilitdt von einer Normgrdsse integriert und als zusétzlicher Stressindikator verwendet.
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Device and method for detecting and reporting of a stress condition of a person

Technical field
The invention relates to a device and a method for detecting and reporting of a

stress condition of a person.

Prior art

Using the pulse rate or the heart rate variability for the detection of stress condi-
tions has been known for a long time. Thereby, the interval between two heart
beats is defined - in the sense of the present invention - as the time between the
onsets of two contractions of the cardiac chambers. This onset of the chamber
contraction shows up in the electrocardiogram (ECG) as the R wave. The dis-
tance between two R waves is usually denoted as RR interval. After averaging
over a defined number of RR intervals, the heart rate can be determined by cal-
culation. The individual values of the RR intervals vary around the mean value
thus obtained. Thereby the variations can change from beat to beat. The varia-
tion is usually denoted as heart rate variability (HRV). In principle, the heart rate
can also be determined by a pressure measurement carried out on an artery.

Physiologically, the heart rate variability (HRV) is related to the ability of the hu-
man organism to adapt the rate of the cardiac rhythm. Variations of the heart
rate, i.e. variations of the temporal interval between two heart beats, can occur in
a resting state, in which case they are mostly spontaneous, but also upon specif-
ic variations of the surrounding conditions, e.g. under stress. A healthy organism
continuously adapts the heart beat rate to the current conditions via physiological
regulation pathways of the vegetative nervous system. Therefore, physical or
psychological stress usually results in an increase of the heart frequency which
ordinarily decreases again upon relief and relaxation. Thereby, a good adaptabil-
ity to stress results in a higher variability of the heart rate. Under chronic stress

‘burden, the adaptability is reduced. In this respect, it is known that the heart rate

variability taken by itself already provides a certain - albeit still very unreliable -

CA 2888513 2019-12-31



10

15

20

25

30

indicator for the current stress burden and the ability of a person to cope with

stress.

Several methods for determining the stress condition of a person have been pro-
posed in the prior art, including the proposal to use further measurement param-
eters in addition to the pulse rate. Thus, DE 103 19 361 A1 proposes to use the
pulse wave latency in addition to the heart rate variability.

Regarding the analysis of the heart rate variability, reference is made to DE 100
06 154 A1, DE 10 2006 039 957 A1, and also to DE 10 2008 030 956 A1 and EP
1 156 851 B1, in which the person skilled in the art can find various determina-

tion methods.

From EP-2 316 333 A1 there is known a device and a method in which a state
quantity is calculated which is a function of the current heart rate and of the cur-
rent heart rate variability, preferably a linear combination of the current heart rate
P and of the current heart rate variability. Moreover, in the mentioned publication,
it is proposed to provide the state function with at least one correcting value that
includes the history of the person within at least the past 0.5 hours.

This approach appears quite suitable here. However, there results a further op-
timization problem which can be described by the fact that, on the one hand —
particularly for comparing different persons — it is necessary to introduce normal-
izations, but that on the other hand it is also necessary to take into account indi-

vidual differences.

Description of the invention

The object of the invention is to provide a device and a corresponding method for
detecting and reporting of a stress condition of a person with an increased relia-
bility as compared to the state of the art, and in which, on the one hand - particu-

CA 2888513 2019-12-31
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larly for comparing different persons — normalizations can be introduced, but in
which, on the other hand, individual differences are also taken into account.

According to one aspect of the present invention, there is provided a method for
detecting and reporting of a stress condition of a person. The method comprises

the following steps:

¢ continuously acquiring data of a current pulse frequency P and of a
current heart rate variability HRV by means of a pulse sensor or an
electrocardiographic sensor,

e continuously processing the data of the current pulse frequency P and
of the current heart rate variability HRV,

e determining a stress index and comparing the same with an alarm cri-

terion.
in the method, determining of the stress condition comprises:

within a first time interval T+ or across a predetermined number of pulse beats, a
first value Sl+ for the stress index is determined by adding a value Sip for the
stress index, which is obtained from a normalized average value P41 of the pulse
frequency in the mentioned first time interval T1 or across the predetermined
number of pulse beats, plus a value Slurv, which is obtained from a normalized
average value HRV41 of the heart rate variability HRV within the mentioned first
time interval T1 or across the predetermined number of puise beats according to:

Sli= c* Slp + d* Slurv

wherein ¢ and d are weighting factors of the stress index partial value which is
determined from the pulse frequency and of the stress index partial value which
is determined from the heart rate variability, respectively, wherein normalization

is carried out by means of tabulated values Pmax, Pmin, HRVmaxand HRVmin ob-

CA 2888513 2019-12-31
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tained from age dependent minimum and maximum puise frequency values and
HRYV values, and, furthermore, the maximum and minimum values of the meas-
ured pulse frequency values and HRV values within the time interval T1 or across
the first predetermined number of pulse beats are determined,

wherein T+ lies between 100 s and 1000 s,

in at least one further time interval Tx (x= 2...n) or across a further predetermined
number of pulse beats, a further value Slx for the stress index is determined by
adding a value Slp for the stress index, which is obtained from a normalized av-
erage value P41 of the pulse frequency in the mentioned time interval Tx or across
the further predetermined number of pulse beats, plus a value Slxrv , which is
obtained from a normalized average value HRV41 of the heart rate variability
HRYV within the mentioned time interval Tx or across the further predetermined

number of pulse beats:

Slx= c* Slp + d* Slurv

wherein ¢ and d are again weighting factors of the stress index partial value
which is determined from the pulse frequency and of the stress index partial val-
ue which is determined from the heart rate variability, respectively,

wherein normalization is carried out by means of values Pmax , Pmin, HRVmax and
HRVmin, wherein Pmax and HRVmax are selected from the larger value of Pmax and
HRVmax determined in the previous time interval Tx.1 or across the predetermined
number of pulse beats and the values of Pmax and HRVmax used in the previous
time interval Tx-1 or across the predetermined number of pulse beats, and where-
in Pmin and HRVmin are selected from the smaller value of Pmin and HRVnmin deter-
mined in the previous time interval Tx-1 or across the predetermined number of
pulse beats and the values of Pmin and HRVmin used in the previous time interval
Tx-1 or across the predetermined number of pulse beats, wherein the further val-
ue Slx for the stress index thus obtained corresponds to the stress index to be
determined.

CA 2888513 2019-12-31
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According to another aspect of the present invention there is provided device for
detecting and reporting of a stress condition of a person, comprising:

e an acquisition device for continuously acquiring data of a current pulse
frequency and of a current heart rate variability, wherein said acquisi-
tion device is a pulse sensor or an electrocardiographic sensor,

e a processing device for cohtinuously processing the data of the cur-
rent pulse frequency and of the current heart rate variability, and

e a comparator device for determining a stress index and for comparing

the same with an alert criterion.

The processing device is configured in such manner that within a first time inter-
val T+ or across a predetermined number of pulse beats a first value Sl1 for the
stress index is determined by adding a value Slp for the stress index, which is
obtained from a normalized average value Pa1 of the pulse frequency in the men-
tioned first time interval T+ or across the predetermined number of pulse beats,
plus a value Slurv, which is obtained from a normalized average value HRVa1 of
the heart rate variability HRV within the mentioned first time interval T+ or across
the predetermined number of pulse beats:

Sli=c¢* Slp + d* SlHRv

wherein ¢ and d are weighting factors of the stress index partial value which is
determined from the pulse frequency and of the stress index partial value which
is determined from the heart rate variability, respectively, wherein normalization
is carried out by means of tabulated values Pmax, Pmin, HRVmaxand HRVmin ob-
tained from age dependent minimum and maximum pulse frequency values and
HRV values, and, furthermore, the maximum and minimum values of the meas-
ured pulse frequency values and HRV values within the time interval T+ or across
the predetermined number of pulse beats are determined,

wherein T, lies between 100 s and 1000 s,

CA 2888513 2019-12-31
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in at least one further time interval Tx (x= 2...n) or across a further prede-
termined number of pulse beats a further value Six for the stress index is deter-
mined by adding a value Slp for the stress index, which is obtained from a nor-
malized average value P41 of the pulse frequency in the mentioned time interval
Tx or across the predetermined number of pulse beats, plus a value Slurv , which
is obtained from a normalized average value HRVa1 of the heart rate variability
HRYV within the mentioned time interval Tx or across the predetermined number

of pulse beats:

Slx= ¢* Slp + d* Slhrv

preferably having the same length as T1 or having the same number of pulse
beats, wherein ¢ and d are again weighting factors of the stress index partial val-
ue which is determined from the pulse frequency and of the stress index partial
value which is determined from the heart rate variability, respectively,

wherein normalization is carried out by means of values Pmax , Pmin, HRVmax and
HRVmin, wherein Pmax and HRVmax are selected from the larger value of Pmax and
HRVmax determined in the previous time interval Tx-1 or across the predetermined
number of puise beats and the values of Pmax and HRVmax used in the previous
time interval Tx-1 or across the predetermined number of pulse beats, and where-
in Pmin and HRVmin are selected from the smaller value of Pmin and HRVmin deter-
mined in the previous time interval Tx-1 or across the predetermined number of
pulse beats and the values of Pmin and HRVmin used in the previous time interval
Tx-1 or across the predetermined number of pulse beats, wherein the further val-
ue Slix for the stress index thus obtained corresponds to the stress index to be
determined.

At the outset, the features of the invention have the result that, to a first approxi-
mation, namely in the first processing window, i.e. in a first time interval T1 or
across a predetermined number of pulse beats, a first approximation result is
obtained that can already be processed. For this purpose, one may consider, in

CA 2888513 2019-12-31
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particular, age related values that provide — preferably for the respective age
groups — typical tabulated values of the minimum and the maximum values of the
pulse rate and the HRV value. The subsequent processing windows then can -
according to experimental studies - provide results that are
5 improved, particularly if the person has characteristics that deviate from the tabu-
lated values of the minimum and the maximum values of the pulse rate and the
HRYV value, regardless of whether this is due to reasons of e.g. a particularly
good or particularly bad training condition or whether it is also due to high or low
stress values in the near or medium term history. It should be noted that record-
10 ing of the pulse is possible anywhere on the body and that the pulse can in prin-
ciple be measured optically, acoustically or kinesthetically, and converted to
electrical signals. Also, a direct measurement of electrical signals for the purpose

of pulse measurement is possible according to the invention.

15  According to the method for detecting and reporting of a stress condition of a

person according to the present invention, the following steps are carried out:

Within the time interval, or for a predetermined number of pulse beats, the data
of the current pulse frequency P and of the current heart rate variability HRV are
20 continuously acquired and processed. Thereby, a value for the stress index is
separately calculated for the pulse rate and for the heart rate variability, and sub-
sequently the two values are added — using weighting factors. In this step the
values of the pulse rate and of the heart rate variability are normalized with re-

CA 2888513 2019-12-31
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spect to tabulated extremal values Pmax , Pmin, HRVmaxand HRVin , which ex-
tremal values have preferably been sorted according to age. In this manner a

first — potentially already useful — value for the stress index is determined.

Subsequently, however, one determines for said time interval, or for said prede-
termined number of pulse beats, whether the individual extremal values Ppax ,
Pmin, HRVmax and HRV iy are different from the previously adopted values. For
the subsequent time interval or for the subsequent measurement of predeter-
mined pulse beats, for which neither the length of the time interval nor the num-
ber of the pulse beats necessarily needs to be identical to that of the first meas-
urement, and which can also be significantly later, i.e. after a temporal delay of
up to several hours, either the earlier extremal values or the newly determined
extremal values are used, depending on which values are more extremal. The
calculation of the new values for the stress index then occurs basically in an
analogous manner as the above described first measurement, i.e. a value of the
stress index is calculated by continuously and separately determining the stress
index values for the pulse rate and for the heart rate variability and subsequently
adding the two values with weighting factors. The time interval lies typically in the
range of 100s to 1000s — preferably of 300s to 500s — but it can also be about
one order of magnitude (factor 10) smaller or larger. The predetermined number
of pulse beats lies between 50 and 500, preferably 100, but it can be larger, in
particular, by about one to two orders of magnitude. It should be emphasized
that the subsequent measurements may temporally overlap, in which case at the
onset of the new series of measurements clearly only those extremal values can
be used that have previously occurred. This ,moving-window" method can be
appropriate if massive computing power is available and a very rapid result shall

be achieved.
Advantageously, the method can be carried out if the normalizations are each

carried out by means of a normalization value at the first, table-related
P:= Pmin + 8" (Pmax - Prin)

Schmauder & Partner AG P-10983 EP 16.10.2012
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HRV; = HRV i, +b* (HRVmax- HRVmin)

and the calculations of the summands of the stress value Sl are each carried out
according to

Slp=(P41-P2)/(Pmax-Py) if Pa1 > P,

Slp=(P41-P)/(P2-Pmin) if Pg1 < P,
Slurv=-(HRV41-HRV,)/(HRVmax-HRV;) if HRVg41 > HRV,
Slurv=-(HRV41-HRV,)/(HRV,-HRV i) if HRVy < HRV,.

The further windows are then advantageously calculated according to
S1p=(Pax-P2)/(Pmax-P) if Pax > Pz

Slp=(Pax-P2)/(Pz-Prmin) if Pax < P2
Slirv=-(HRVg-HRV,)/(HRVmax-HRV,) if HRVyy > HRV,
Slirv=-(HRV4x-HRV,)/(HRV-HRVmin) if HRVgx < HRV,.

It has been proven advantageous if the values a for the processing of the pulse

rate are selected in the range between 0.2 and 0.3, advantageously as 0.25 and
the values b for the processing of the heart rate variability between 0.33 to 0.66,
advantageously as 0.5.

Depending on the application the method can be calibrated in the sense that the
weighting of the partial value of the stress index, which is determined from the

pulse rate, and of the partial value of the stress index, which is determined from
the heart rate variability, are optimized by trials. If there are no reasons to do so,

the values ¢ and d will be selected as 1.

It is particularly advantageous if the respectively determined stress values are
not only output directly, which of course is not ruled out, but rather the current
stress index Sl is fed to a filter, typically to a digital low-pass filter, after the time
interval Ty or after the predetermined number of pulse beats, in order to average
over individual outliers, e.g. SI = f*Sl,+(1-f)*Sly.4, with f between 0.05 and 0.5,

advantageously of 0.1.

Schmauder & Partner AG P-10983 EP 16.10.2012
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According to a second aspect of the present invention there is proposed a device
that is suitable for carrying out the method of the present invention, optionally

including the above-mentioned advantageous embodiments.

Such a device for detecting and reporting of a stress condition of a person typi-
cally comprises an acquisition device for continuously acquiring data of the cur-
rent pulse frequency and of the current heart rate variability, a processing device
for continuously processing the data of the current pulse frequency and of the
current heart rate variability, and a comparator device for comparing the current

state function of the person thus obtained with an alert criterion.

The aforementioned elements as well as those claimed and described in the fol-
lowing exemplary embodiments, to be used according to the invention, are not
subject to any particular conditions by way of exclusion in terms of their size,
shape, use of material and technical design, with the result that the selection cri-
teria known in the respective field of application can be used without restrictions.
For carrying out the method of the present invention, the calculation of the heart
rate variability can be carried out by means of conventional methods (e.g. in the
time domain: RMSSD, RRinter, SDNN, or in the frequency domain LFi/HFo1),
wherein the method RMSSD (,Root mean square of successive differences”) is
suitable for the method and device mentioned here. It should be pointed out that
the method of the present invention is not intended for determining the health
status or pathological status of the person, whereas the device of the present
invention is not restricted in this regard.

Modes for carrying out the invention

The device of the present invention comprises, according to a preferred exem-
plary embodiment of the invention, a measuring device for detecting the pulse
rate and the values that are necessary for calculating heart rate variability. In the
present case this is a pulse measuring sensor, but alternatively it can also be an

electrical sensor for measuring electrical cardiographic measurement values, as

Schmauder & Partner AG P-10983 EP 16.10.2012
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well as a display device. Moreover, the device comprises an interface for the in-
put of person-related parameters, which are particularly needed for determining
the history to be used according to the invention. A key component of the device
is a computing device that controls the necessary acquisition of the measure-
ment data, processes the measurement data in the digital form needed, exe-

cutes the data processing and controls the display.

In the present exemplary embodiment the heart rate variability HRV is deter-
mined by means of the RMSSD method (,Root mean square of successive dif-
ferences”), but also by other methods, such as e.g. the method ,SIR" based on
standard deviations, the method pRR50, in which the number of consecutive RR
intervals that are larger than 50ms is determined and the value thus obtained is
divided by the total number of consecutive RR intervals, or frequency-oriented
methods such as, for example, the calculation via the quotient LF/HF of the
low-frequency frequency components divided by the higher-frequency frequency
components. The HRV value obtained by means of RMSSD is calculated as the
square root of the sum of the squared differences between neighboring RR inter-
vals. In this context it should be noted that for the selection of the calculation
method one may use, on the one hand, pertinent recent findings of the respec-
tive technical field and of the respective application range of the method accord-
ing to the present invention or of the device according to the present invention,
but on the other hand it is conceivable to simply take into account practical as-
pects of the respective selection. In the case where the HRV values are deter-
mined by means of the RMSSD method, in the present exemplary embodiment 0
is used as tabulated value for HRVmi, for all ages. The other minimum values
used in the exemplary embodiment shown here, which refer to the pulse and to

the HRV, are selected according to the following table:

Age dependent resting heart rate values

Youths: 14...18 Resting heart rate; 85 beats/minute
Adults: 19...65 Resting heart rate: 70 beats/minute
Seniors: 65+ Resting heart rate: 90 beats/minute

Schmauder & Partner AG P-10983 EP 16.10.2012
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Age dependent HRVax values (RMSSD

15...20 47ms
21...30 46ms
31...40 40ms
41...50 35ms
51...60 30ms
61...70 24ms

according to Angelink et al: Innovationstagung FH Rapperswil 4.5.2011

In this context it should be noted that — without departing from the sense of the
method of the present invention — rather different parameters of the subjects

such as e.g. the gender etc. can be incorporated into the table.

According to the exemplary embodiment the normalizations are each carried out
by means of a normalization value

Pz = Pmin + @*(Pmax - Pmin )

HRV; = HRVin +b* (HRVmax- HRViin)

and the calculation of the summands of the stress value Sl is each carried out
according fo

Slp=(P41-P)/(Pmax-Pz) if P41 > P,

S1p=(Pg1-P2)/(Pz-Pmin) if Pg1 < P,

Slhrv=-(HRV41-HRV)/(HRVax-HRV,) if HRVy41 > HRV,
Slyrv=-(HRV41-HRV,)/(HRV-HRVpin) if HRVy1 < HRV;

and

Slp=(Pax-P2)/(Pmax-P) if Pax > P,

Slp=(Pux-P2)/(Pz-Pmin) if Pax < P,

Slhrv=-(HRV-HRV,)/(HRVmax-HRV,) if HRVg, > HRV,
Sihrv=-(HRV4x-HRV,)/(HRV-HRVmip) if HRVy < HRV, ,

wherein a was selected as 0.25 and b as 0.5 and ¢ and d were selected as 1. In
the exemplary embodiment the current values of the stress index Sl are selected
after the predetermined number of pulse beats by means of a digital low-pass
filter SI = f*Sl,+(1-f)*Sly.1 calculated with f of 0.1. The device has been set up ac-

cordingly.

Schmauder & Partner AG P-10983 EP 16.10.2012
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it should be still noted that the individual windows in which the stress index val-
ues are determined advantageously include various states of the subjects, such

as e.g. lying, standing, moving — in the sense of the Conconi test — etc.

Moreover, it should be noted that even if test intervals are very widely separated
in time, the adoption of the last test interval leads to a better result or more quick-
ly to a good result than starting out with tabulated values. On the other hand, it
may of course be appropriate to revert using tabulated values if the status of the
subject has significantly changed in a fundamental manner.

Schmauder & Partner AG P-10983 EP 16.10.2012
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Claims

A method for detecting and reporting of a stress condition of a person,
wherein the method comprises the following steps:

e continuously acquiring data of a current pulse frequency P and of a
current heart rate variability HRV by means of a pulse sensor or an
electrocardiographic sensor,

¢ continuously processing the data of the current pulse frequency P and
of the current heart rate variability HRV,

e determining a stress index and comparing the same with an alarm cri-

terion,
characterized in that determining of the stress condition comprises:

within a first time interval T1 or across a predetermined number of pulse
beats, a first value Sl1 for the stress index is determined by adding a value
Slp for the stress index, which is obtained from a normalized average
value Pg1 of the pulse frequency in the mentioned first time interval T1 or
across the predetermined number of pulse beats, plus a value Slurv,
which is obtained from a normalized average value HRVa1 of the heart
rate variability HRV within the mentioned first time interval T+ or across the

predetermined number of pulse beats according to:
Sli=c* Slp + d* Slurv

wherein ¢ and d are weighting factors of the stress index partial value
which is determined from the pulse frequency and of the stress index par-
tial value which is determined from the heart rate variability, respectively,
wherein normalization is carried out by means of tabulated values Pmax,
Pmin, HRVmax and HRVnmin obtained from age dependent minimum and

CA 2888513 2019-12-31
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maximum pulse frequency values and HRV values, and, furthermore, the
maximum and minimum values of the measured pulse frequency values
and HRV values within the time interval T1 or across the first predeter-
mined number of pulse beats are determined,
5 wherein T+ lies between 100 s and 1000 s,

in at least one further time interval Tx (x= 2...n) or across a further prede-
termined number of pulse beats, a further value Six for the stress index is
determined by adding a value Slp for the stress index, which is obtained
from a normalized average value Pq1 of the pulse frequency in the men-

10 tioned time interval Tx or across the further predetermined number of
pulse beats, plus a value Slirv , which is obtained from a normalized av-
erage value HRV41 of the heart rate variability HRV within the mentioned
time interval Tx or across the further predetermined number of pulse
beats:

15
Slx= c* Slp + d* Slurv

wherein ¢ and d are again weighting factors of the stress index partial
value which is determined from the pulse frequency and of the stress in-
20 dex partial value which is determined from the heart rate variability, re-
spectively,
wherein normalization is carried out by means of values Pmax , Pmin,
HRVmax and HRVmin, wherein Pmax and HRVmax are selected from the
larger value of Pmax and HRVmax determined in the previous time interval
25 Tx-1 or across the predetermined number of pulse beats and the values of
Pmax and HRVmax used in the previous time interval Tx-1 or across the pre-
determined number of pulse beats, and wherein Pmin and HRVmin are se-
lected from the smaller value of Pmin and HRVmin determined in the previ-
ous time interval Tx-1 or across the predetermined number of pulse beats
30 and the values of Pmin and HRVmin used in the previous time interval Tx-1 or
across the predetermined number of pulse beats, wherein the further
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value Six for the stress index thus obtained corresponds to the stress in-
dex to be determined.

The method for detecting and reporting of a stress condition of a person
according to claim 1, wherein normalization is each carried out by means
of a normalization value

Pz = Pmin + @*(Pmax - Pmin )

HRVz = HRVmin +b* (HRVmax- HRVmin)

and the calculation of the summands of the stress value Sl is each carried
out according to

Slp=(Pd1-P2)/(Pmax-Pz) if Pa1 > P2

S1p=(Pd1-Pz)/(Pz-Pmin) if Pda1 < P
Slirv=-(HRV41-HRVz)/(HRVmax-HRVz) if HRV41 > HRV,
Slurv=-(HRV41-HRVz)/(HRVz-HRVmin) if HRV41 < HRV;
and

Slp=(Pax-Pz)/(Pmax-Pz) if Pax > Pz

Slp=(Pux-Pz)/(Pz-Pmin) if Pax < Pz
Slurv=-(HRVax-HRVz)/(HRVmax-HRV;) if HRVax > HRV:
Slirv=-(HRVax-HRVZ)/(HRVz-HRVimin) if HRVax < HRV:.

The method according to claim 2, wherein a is selected as 0.25 and b as
0.5.

The method according to claims 2 or 3, wherein ¢ and d are selected as 1.

The method according to any one of claims 1 to 4, wherein the current
stress index Sl is selected after the time interval Tx or after the predeter-
mined number of pulse beats by means of a digital low-pass filter Sl =
f*Slx+(1-f)*Slx-1 with f between 0.05 and 0.5.

CA 2888513 2019-12-31
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The method according to any one of claims 1 to 5, wherein the time inter-
vals or the times during which a predetermined number of pulse beats are

measured, overlap.

The method according to any one of claims 1 to 5, wherein the time inter-
vals or the times in which a predetermined number of pulse beats are
measured, have a fixed or variable distance between each other.

The method according to any one of claims 1 to 7, wherein T1 is 300 s.

The method according to any one of claims 1 to 8, wherein the predeter-
mined number of pulse beats is between 50 and 500.

The method according to any one of claims 1 to 9, wherein the predeter-
mined number of pulse beats is 100.

The method according to any one of claims 1 to 10, wherein said time in-
terval Tx has the same length as T..

The method according to any one of claims 1 to 11, wherein the further
predetermined number of pulse beats used for determining the further
value Slx is the same as the predetermined number of pulse beats initially

used for determining the first value Sl1.

The method according to claim 5, wherein f is equal to 0.1.

A device for detecting and reporting of a stress condition of a person,

comprising:
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¢ an acquisition device for continuously acquiring data of a current pulse
frequency and of a current heart rate variability, wherein said acquisi-
tion device is a pulse sensor or an electrocardiographic sensor,

e a processing device for continuously processing the data of the cur-
rent pulse frequency and of the current heart rate variability, and

e acomparator device for determining a stress index and for comparing

the same with an alert criterion,

characterized in that

the processing device is configured in such manner that within a first time
interval T1 or across a predetermined number of pulse beats a first value
Sl for the stress index is determined by adding a value Slp for the stress
index, which is obtained from a normalized average value P41 of the pulse
frequency in the mentioned first time interval T+ or across the predeter-
mined number of pulse beats, plus a value Slurv, which is obtained from a
normalized average value HRVq1 of the heart rate variability HRV within
the mentioned first time interval T1 or across the predetermined number of
pulse beats:

Sli=¢* Slp + d* Slurv

wherein ¢ and d are weighting factors of the stress index partial value
which is determined from the pulse frequency and of the stress index par-
tial value which is determined from the heart rate variability, respectively,
wherein normalization is carried out by means of tabulated values Pmax,
Pmin, HRVmax and HRVnmin obtained from age dependent minimum and
maximum pulse frequency values and HRV values, and, furthermore, the
maximum and minimum values of the measured pulse frequency values
and HRYV values within the time interval T1 or across the predetermined

number of pulse beats are determined,
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wherein T1 lies between 100 s and 1000 s,

in at least one further time interval Tx (x= 2...n) or across a further prede-
termined number of pulse beats a further value Slx for the stress index is
determined by adding a value Slp for the stress index, which is obtained
from a normalized average value P41 of the pulse frequency in the men-
tioned time interval Tx or across the predetermined number of pulse beats,
plus a value Slirv , which is obtained from a normalized average value
HRVa1 of the heart rate variability HRV within the mentioned time interval

Tx or across the predetermined number of pulse beats:

Slx= c* Slp + d* SlHrv

preferably having the same length as T1 or having the same number of
pulse beats, wherein ¢ and d are again weighting factors of the stress in-
dex partial value which is determined from the pulse frequency and of the
stress index partial value which is determined from the heart rate variabil-
ity, respectively,

wherein normalization is carried out by means of values Pmax , Pmin,
HRVmaxand HRVmin, wherein Pmax and HRVmax are selected from the
larger value of Pmax and HRVmax determined in the previous time interval
Tx-1 or across the predetermined number of pulse beats and the values of
Pmax and HRVmax used in the previous time interval Tx-1 or across the pre-
determined number of pulse beats, and wherein Pmin and HRVmin are se-
lected from the smaller value of Pmin and HRVmin determined in the previ-
ous time interval Tx.1 or across the predetermined number of pulse beats
and the values of Pmin and HRVnmin used in the previous time interval Tx-1 or
across the predetermined number of pulse beats, wherein the further
value Slx for the stress index thus obtained corresponds to the stress in-
dex to be determined.

CA 2888513 2019-12-31
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The device according to claim 14, wherein the device is configured in such
manner that normalization is carried out by means of a normalization
value ;

Pz= Pmin + a*(Pmax - Pmin )

HRV:z = HRVmin +b* (HRVmax- HRVmin)

and the calculation of the summands of the stress value Sl is each carried
out according to :

Slp=(Pd1-Pz)/(Pmax-Pz) if Pd1 > P:

Slp=(Pd1-Pz)/(Pz-Pmin} if P41 < P;
Slirv=-(HRV41-HRVz)/(HRVmax-HRV;) if HRV41 > HRV;
SiHrv=-(HRV41-HRVz)/(HRVz-HRVmin) if HRVa1 < HRV;
and

Slp=(Pax-Pz)/(Pmax-Pz) if Pax > P

Slp=(Pax-Pz)/(Pz-Pmin) if Pax < P
Slirv=-(HRVax-HRVz)/(HRVmax-HRV;) if HRVax > HRV,
SlHrv=-(HRVax-HRVz)/(HRVz-HRVnin) if HRVax < HRV:.

The device according to claim 15, wherein a is selected as 0.25 and b as
0.5.

The device according to claim 15 or 16, wherein ¢ and d are selected as
1.

The device according to any one of claims 14 to 17, wherein the current
stress index Sl is selected after the time interval Tx or after the predeter-
mined number of pulse beats by means of a digital low-pass filter SI =
F*Slx+(1-f)*Slx-1

with f being between 0.05 and 0.5.

CA 2888513 2019-12-31
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The device according to any one of claims 14 to 18, wherein T1 is 300 s.

The device according to any one of claims 14 to 19, wherein the predeter-
mined number of pulse beats is between 50 and 500.

The device according to any one of claims 14 to 20, wherein the predeter-
mined number of pulse beats is 100.

The device according to any one of claims 14 to 21, wherein said time in-
terval Tx has the same length as T1.

The device according to any one of claims 14 to 22, wherein the further
predetermined number of pulse beats for determining the further value Sl
is the same as the predetermined number of pulse beats initially used for

determining the first value Sli.

The device according to claim 18, wherein f is equal to 0.1.

CA 2888513 2019-12-31
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