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Description

[0001] The present invention relates to innovative de-
vices, systems and methods for detecting the heart beat.
[0002] Heart beat detection systems (also called BVP
-Blood Volume Pulse - detection systems) which function
optically are known. These systems usually employ a
light emitter which by means of reflection or transparency
illuminates a suitable receiver after the emitted light has
struck or passed through a zone of the body.

[0003] Basically, these heart rate monitors are detec-
tion systems which are able to measure the way in which
the blood volume changes over time in a specific zone
of the body.

[0004] Generally, the reflection devices are placed on
a zone of the body, such as the wrist, where there is a
variation in the quantity of light reflected depending on
the superficial blood flow in this zone. The transparency
devices are instead applied in the vicinity of relatively thin
parts of the body (such as the fingers or the ear lobes)
so that the light is able to pass through them and detect
the variation in the light passing through owing to the
blood flow in said parts.

[0005] Both systems, however, are subject to distur-
bances of the useful signal, for example due to both the
surrounding light conditions and the movement of the
person undergoing measurement.

[0006] For example, the sensor operates by means of
contact with a deformable medium - the skin - inside
which blood flows. This medium is subject to mechanical
deformation which corrupts the measurement, adding an
unwanted signal, namely noise.

[0007] Reflection devices are more practical for pro-
longed use, but the variation in reflected light produced
by the variations in blood flow following the heart beat is
very small and moreover is generally affected by a large
amount of noise.

[0008] For example, although the wrist is one of the
most convenient positions for wearing a reflection sensor
for detecting the pulse, the noise on the signal, created
by the movement of the tissues underneath the sensor
following, for example, the movement of the limb, the
wristor the fingers, is one of the major obstacles to optical
detection of the pulse in this zone. Also the act of moving
or walking produces relative movements of the sensor
and tissues which produce further disturbances of a sig-
nificant nature.

[0009] Inthe artvarious solutions have been proposed
in order to try to improve the signal/noise ratio during
reflection detection, attempting to filter the various dis-
turbances superimposed on the useful signal.

[0010] Forexample it has been proposed using move-
ment sensors arranged together with optical sensors for
detecting relatively wide amplitude movements of the
body to which the sensor is applied. This detection ar-
rangement, however, does not provide data about the
relative displacement of sensor and underlying tissue
and is usually used to prevent reading of the optical sen-
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sor in the case of excessive movements on the part of
the person, which it is assumed a priori may produce a
large amount of disturbance which cannot be effectively
filtered. In the case of prolonged physical activity, the
sensor remains, however, deactivated for a long period
and precisely when detection of the heart beat is of most
interest.

[0011] Ithas also been proposed using two light sourc-
es with a suitable different wavelength. The first wave-
length has been chosen from among those wavelengths
which are not absorbed by the oxyhaemoglobin (for ex-
ample red), while the second wavelength is chosen from
among those which are better absorbed by the oxyhae-
moglobin (for example green). This results in afirst signal
which is better related to the movement of the tissues
and a second signal which is better related to the blood
flow. Filtering of the noise is then performed by suitably
subtracting the first signal from the second signal, so as
to mitigate the effect of the relative movements of tissues
and sensor. Such a system is described for example in
EP2462866, which discloses the features of the pream-
ble of claims 1 and 9.

[0012] Afiltering system of this type provides an output
signal with reduced noise. However, most often the sig-
nal/noise ratio is still very unfavourable. Moreover, not
always does the response to the specific wavelength cho-
sen remain constant with the passing of time and/or
change of person undergoing the measurement.

[0013] Mixed methods also provide results which are
not entirely satisfactory. For example, the noise is very
high both when running and when working on a computer
(finger movements). In the first case accelerometers are
most useful for eliminating the noise, while in the second
case it is preferable to make use of the system with two
wavelengths. The simultaneous use of both methods as
proposed in the prior art (for example, as described again
in US2012150052) compensates, however, only for a
number of noise sources and still does not provide a sat-
isfactory signal/noise ratio for special applications or
where the person is free to perform any daily activity.
Moreover, the two systems may interfere with each other,
further hindering detection.

[0014] A general object of the present invention is to
provide a system able to ensure satisfactory detection of
the heart beat even in the presence of disturbances
caused by various sources.

[0015] In view of these objects the idea which has oc-
curred, according to the invention, is to provide a heart
beat detection device and method as defined in the in-
dependent claims.

[0016] The idea has also occurred to provide a system
for detecting and processing physiological data, compris-
ing at least one device according to any one of the pre-
ceding claims connected by means of a wireless interface
to a data processing and transmission unit which re-
ceives the data from the device and processes it.
[0017] Theidea has also occurred to provide a method
for increasing the signal/noise ratio of an electric signal
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for detecting the heart beat optically by means of at least
one optical reflection sensor unit, comprising differenti-
ating between the effects of atleast two light wavelengths
by means of electrically adjustable optical filters and
processing the corresponding signals received from the
at least one optical reflection unit in order to obtain the
electric signal representing the heart beat.

[0018] As will become clear from the description and
the drawings, a device for detecting or monitoring the
heart rate may comprise a sensor system which is in
contact with the skin and which communicates with a
central processing system. The remote system may com-
prise one or more optical detection systems for measur-
ing the variations in the blood volume making use of the
physical principles of absorption and fluorescence. The
optical systems may comprise:

- one or more wide-band light emitters (for example
LEDs);

- one or more wide-band light receivers (for example
photodiodes or phototransistors) and

- one or more tunable monochromators which can be
connected to the light emitters, to the light receivers
or to both of them, in order to select a certain wave-
length.

[0019] The heart rate monitor may also comprise one
or more of the following:

- one or more optical detection systems situated at a
fixed distance along the direction of the blood flow
in order to estimate the propagation time of the blood;

- an electrical detection system comprising two or
more electrodes in contact with the skin for measur-
ing the galvanic response of the skin, and

- a mechanical detection system for measuring the
three-dimensional acceleration and the orientation
of the system.

[0020] The heartfrequency monitor may also envisage
that one or more monochromators allow the optical de-
tection system to work both in absorption mode and in
fluorescence mode at two or more wavelengths.

[0021] A method for maximizing the signal/noise ratio
of the blood volume signal may comprise the steps of:

-  differentiating between the effects of two (or more)
wavelengths in absorption mode and fluorescence
mode on signals of the optical detection systems;

- dynamically tuning the two (or more) wavelengths in
order to maximize the signal levels of the optical de-
tection systems.

[0022] Moreover the method may comprise one or
more of the following steps:

- combining the effects of the absorption mode and
fluorescence mode on the signals of the optical de-
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tection systems;

- combining the signals from the optical detection sys-
tems with the signal of the electrical detection sys-
tem;

- eliminating the effect of deformation of the medium
on the blood propagation time, and

- eliminating the effect of deformation of the medium
resulting from other mechanical effects which are
contained in the signal supplied by the mechanical
detection system

[0023] The heart rate monitor may also comprise a re-
mote system in contact with a user’s skin and communi-
cating with a central processing system.

[0024] The remote system may also comprise one or
more of the following elements:

- aremote processor;
- adetection system connected to the remote proces-

sor;

- aremote memory connected to the remote proces-
sor;

- a clock signal generator connected to the remote
processor;

- a remote user interface connected to the remote
processor;

- aremote transceiver connected to the remote proc-
essor;

- a remote antenna connected to the remote trans-
ceiver, and

- aremote battery connected to the remote processor,
to the detection system, to the remote memory, to
the clock signal generator, and to the remote trans-
ceiver.

[0025] The central processing system may comprise:

- acentral processor;

- a central memory connected to the central proces-
sor;

- acentral transceiver connected to the central proc-
essor, and

- acentral antenna connected to the central transceiv-
er.

[0026] The said central memory may further comprise
a set of instructions which can be carried out on the cen-
tral processor, the instructions comprising:

- an algorithm for maximizing the signal/noise ratio of
the blood volume signal received from the remote
system, and

- an algorithm for processing the optimized blood vol-
ume signal for determining a pulsation signal based
on detection of the peak value.

[0027] In order to illustrate more clearly the innovative
principles of the present invention and its advantages
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compared to the prior art, examples of embodiment ap-
plying these principles will be described below with the
aid of the accompanying drawings. In the drawings:

- Figure 1 shows a block diagram of a first reflection
detection device provided in accordance with the
principles of the present invention;

- Figure 2 shows a graph of signals detected by an
apparatus according to the invention;

- Figure 3 shows a block diagram of a second reflec-
tion detection device provided in accordance with
the principles of the present invention;

- Figure 4 shows a further graph illustrating signals
detected by an apparatus according to the invention;

- Figure 5 shows a block diagram of a possible system
for remote processing of the data detected by the
sensors according to the invention;

- Figure 6 shows a schematic view of a bracelet de-
tection system and intelligent portable terminal for
processing (or initial processing) of the signals de-
tected.

[0028] With reference to the figures, Figure 1 shows a
first reflection detector for detecting the heart beat.
[0029] Such a detector, which is generally denoted by
10, comprises a light emitter 11 (for example an LED
diode emitter) and a corresponding receiver 12 (for ex-
ample a photodiode or phototransistor) which receives
the light of the emitter 11 after reflection on the skin 13
of the person undergoing heart beat detection. Advanta-
geously, as will be clarified below, the detector or device
10 may be positioned on the rear part of the wrist, for
example in the manner of a wrist-watch.

[0030] The receiver 12 converts the light received into
an electric signal sent to an electronic processing block
14 which emits a corresponding signal 15 (also called
BVP - i.e. Blood Volume Pulse - signal) which depends
on the heart beat of the person. The block 14 may be a
combination of an analog amplification circuit and pro-
grammable microprocessor device for processing a sig-
nal, as may be easily imagined by the person skilled in
the art in the light of the description provided here.
[0031] Advantageously, the emitter 11 emits light in a
wide spectrum (for example white light) and the device
10 comprises an adjustable optical filter 16 and/or an
adjustable optical filter 17, which are arranged respec-
tively in front of the transmitter 11 and the receiver 12.
These optical filters may be controlled by the processing
block 14 so as to be tuned to a desired wavelength for
filtering the light sent and/or reflected.

[0032] Advantageously, these optical filters comprise
so-called "monochromators" and allow dynamic selec-
tion of a specific wavelength from a wide-spectrum light.
In particular, it has been found to be advantageous to
use tunable Fabry-Perot monochromators, known per
se, which can be easily miniaturized.

[0033] Again advantageously, the device may com-
prise a circuit 18 for powering the emitter 11 which is
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controlled by the processing block 14 so as to tune the
emission luminosity of the emitter 11 to a desired value.
[0034] Forreasons which will become clear below, the
device 10 may also comprise a known accelerometer 19
which sends movement signals to the processing block
14. Advantageously, the accelerometer is chosen to
measure the three-dimensional acceleration and the ori-
entation of the system.

[0035] Asisknown, the oxyhaemoglobin presentinthe
blood absorbs given wavelengths. This effect is referred
to as "absorption".

[0036] Moreover, the oxyhaemoglobin re-emits part of
the energy absorbed in the form of light at a wavelength
different from that absorbed. This effect is referred to as
"fluorescence".

[0037] Owing to the use of adjustable filters, it is pos-
sible to configure the system in order to make use first
of one effect and then the other effect. In the first mode
the wavelength which maximizes absorption is provided
and the same wavelength is "observed" by means of the
receiver 12. In the second mode the wavelength which
maximizes the fluorescence is provided and the fluores-
cence wavelength characteristic of oxyhaemoglobin
(wavelength which is always greater than the incident
wavelength for energy balance reasons) is observed by
means of the receiver 11.

[0038] By combining the signal read by the receiver in
the two different modes, i.e. "absorption" mode and "flu-
orescence" mode, it is possible to improve the sig-
nal/noise ratio.

[0039] Moreover, owing to the adjustability of the filters
it is possible to adapt the fluorescence and/or absorption
wavelength to the characteristics of the skin of the person
whose heart beat is being detected (for example age,
degree oftanning, skin complexion, presence of fat, pres-
ence of hair).

[0040] In fact the skin situated between detector and
oxyhaemoglobin creates optical interference which may
alter the light emitted and/or received. Therefore, it has
been found useful to attempt to find, possibly whenever
the device is switched on, the wavelengths which maxi-
mize the amplitude of the BVP signal, depending on the
characteristics of the skin, both in fluorescence mode
and in absorption mode.

[0041] For example, extremely fair skin favours the
penetration of light and therefore, in absorption mode,
wavelengths close to the UV band may be effectively
used. On the contrary, tanned or dark skins do not allow
small wavelengths to reach the receiver except in the
case where the intensity is such that it adversely affects
the battery life.

[0042] A similar situation exists in fluorescence mode,
where a maximum response of the oxyhaemoglobin is
obtained by performing stimulation in the violet-blue band
and detection in the orange band.

[0043] Inotherwords, during operation, the processing
block 14 may tune the filters to wavelengths considered
suitable for detecting the heart beat using the "absorp-
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tion" method (for example in the range of 530-580 nm for
dark skin and 410-450 nm for extremely fair skin) and
acquire the corresponding signal reflected and captured
by the receiver 12. The processing block 14 may also
tune the filters to a wavelength considered suitable for
detecting the heart beat using the "fluorescence" method
(for example in the range 410-450 nm for the emission
filter and 590-630 nm for the reception filter) and acquire
the corresponding fluorescence signal captured by the
receiver 12. By superimposing the two signals received
(suitably compensating for the temporal delay between
the two measurements) it is possible to obtain a BVP
signal with a greater amplitude than the background
noise.

[0044] Moreover, during the two measurements (or,
advantageously, during a calibration step which may take
place upon switching on the device following application
onto the skin, or cyclically during operation) the device
may vary the wavelength of the filter in the region of the
basic wavelengths defined for fluorescence and absorp-
tion, attempting to maximize the signal peak received in
the two modes. After defining the wavelengths for which
the greater signal is obtained, the device may use these
wavelengths for the subsequent measurements until the
subsequent calibration operation is performed.

[0045] By periodically repeating calibration during op-
eration of the device itis possible to compensate also for
the varying conditions of the skin (for example, variation
in the degree of tanning, sweating or change in temper-
ature) which may influence the measurement.

[0046] By way of a further advantage it is also possible
to compensate for disturbances on the signal due to rel-
ative movements of the skin and device, for example
caused by movements of the person or movements of
the muscles and tendons of the body zone on which the
sensor is placed (for example movement of the fingers).
In factitis possible to tune the filter (or filters, in the case
of a device with both filters) so that the light emitted by
the emitter 11 is characterized by a wavelength which is
less sensitive to flowing of the blood, but more sensitive
to movements on or under the skin (for example the
wavelength 650-750 nm). The corresponding signal cap-
tured by the detector 12 may be used by the processing
block 14 as a noise signal to be subtracted from the elec-
tric signal obtained by the detection of the BVP signal,
via an adaptive numerical filter, so as to eliminate an
important noise component.

[0047] Filtering may also take place for selecting green
light or red light for the uses substantially of the prior art
or also for filtering (using suitable emitters) in the infrared
range or other ranges.

[0048] Advantageously, the detector 10 may also use
the signal supplied by the accelerometer 19 in order to
compensate for disturbances due to major movements
of the device (for example, as a result of physical activity
performed by the person). The accelerometer signal may
be supplied to the block 14 in order to provide an adaptive
numerical filter which intervenes in the case of sudden
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accelerations (for example when running).

[0049] The signal of the accelerometer 19 may also be
used to prevent emission of the BVP signal by the device
when the acceleration detected is above a threshold
which has been determined beforehand as correspond-
ing to a movement noise source which is too great for
effective compensation of the noise on the BVP detected
by the optical system.

[0050] Inordertoreduce the noise on the output signal,
the device 10 may also advantageously act on the lumi-
nous intensity of the light emitted by the sensor 11. How-
ever, in the case of battery-powered devices, a greater
light intensity may negatively affect the duration of the
battery charge.

[0051] Figure 2 shows a graph which schematically il-
lustrates the relationship between light E emitted by the
emitter (axis X) and amplitude of the signal received R
(axis Y).

[0052] As can be seen from the graph, there exists
essentially alinear relationship between light emitted and
reflected light measured by the receiver. The noise sig-
nal, or BR (Background Reflection) signal, which may
also comprise any ambient light captured by the sensor,
and the BPR (Blood Pulse Reflection) signal are there-
fore both incremented with an increase in the luminous
emission intensity E. The slope of the two straight lines
in the graph, which define the light reflection curve, may
vary from person to person.

[0053] All the above means that, given a certain emit-
ted light E, a first person may have a certain dR (namely
a certain amplitude dR of periodic variation of reflected
lightwhich carries blood pulsation information). A second
person may have, for the same value E, a value dR small-
er or greater than the value dR of the first person.
[0054] If a value dRmin is established (namely a min-
imum useful signal value received) the emitter will be
advantageously controlled by the block 14 so as to have
in any case an emission E which allows the signal dR to
be kept above the value dRmin. Although it is possible
to emit constantly a light at a value (for example,
1000mcd) which ensures that this condition always ex-
ists, such a solution may result in an unnecessary pre-
mature wear of the battery power.

[0055] Advantageously, itisinstead preferable thatthe
signal dR should always be only slightly higher than the
value dRmin. A value of E, which may be called Eopt (i.
e. E optimum), is thus obtained, this value satisfying this
condition and being variable depending on the person to
another or different conditions of the person. All this is
shown by way of example in Figure 2 (where Eopl and
Eopt2 giverise to the same dR1=dR,=dRmin for two sam-
ple persons).

[0056] The block 14 may therefore advantageously
vary the emission E by means of the power supply ele-
ment 18 as mentioned above so as to keep the signal
dR slightly above dRmin (optionally with a small safety
margin) so as to optimize the amplitude of the useful sig-
nal, maximizing at the same time the battery life.
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[0057] It is thus possible to use high-luminosity emit-
ters (LEDs) also in battery systems, using the higher light
emissions only in the case of need and only for the time
needed.

[0058] The power supply of the sources may also be
provided pulsed and/or alternating between the emitters,
both in order to reduce the battery consumption and so
as to share part or all of the drive circuit among the emit-
ters.

[0059] Figure 3 shows a second embodiment of a de-
tector according to the present disclosure In this second
embodiment, which is denoted overall by 110, two de-
tectors or devices 10, as described above, denoted by
10a and 10b, are used, the BVP signal outputs 15a and
15b thereof being further processed by a processing and
comparison block 120.

[0060] The two detectors 10a and 10b are arranged
with the corresponding optical units (formed by emitter
11, receiver 12 and any optical filters 16 and/or 17) ar-
ranged generally along the main direction of flow of the
blood in the part of the body where the device 110 is
positioned. For example, in the case of positioning on a
limb, the direction will be along the axis of the limb itself.
In particular, in the case of positioning on a wrist, the
direction may be advantageously that of elbow-to-hand.
[0061] The distance between the optical units may be
a few centimetres or even less, also depending on the
sensitivity of the detector and the position chosen on the
body. Owing to the use of the two devices 10a and 10b,
two signals 15a and 15b which are slightly phase-dis-
placed inrelation to each other (depending on the mutual
distance) will be obtained, as shown schematically in Fig-
ure 4.

[0062] By means of calculation of the correlation, upon
variation of the time of the two signals, performed by the
block 120, it is possible to calculate the time "delta-t" for
transit of the blood between the two optical units.
[0063] By detecting the variations of this time (or the
apparent speed of displacement of the blood between
the two optical units) it has been found to be possible to
obtain information about the movement of the tissues
underneath and between the two optical units. In other
words it has been found that these movements may vary
the length of the blood vessels and therefore alter the
speed value detected or, rather, the transit time between
the two optical units (which are at a fixed distance from
each other).

[0064] It is thus possible to obtain further information
about the noise which has been produced by the mus-
cular movement and which may be subtracted from the
BVP signal, obtaining an improved BVP signal at the out-
put 121 of the processing block 120.

[0065] Advantageously,the device 110 alsocomprises
a system for measuring the conductivity of the skin, pref-
erably in the ventral zone of the wrist, which has a pro-
nounced electro-dermal activity.

[0066] The system for measuring the conductivity (or
the galvanic effect of the skin) comprises advantageously
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two metal electrodes 122, 123 which make contact with
the skin in the chosen zone and are connected to a meas-
urement block 124 which detects the electrical resistance
between the two electrodes.

[0067] The measurement of the resistance may be
simply performed by causing a low or very low strength
currentto flow across the skin. A compensation algorithm
may also be used to control the current which flows
through the skin so as to balance a base line for the per-
son, taking it as a zero line. In order to avoid polarization
and/or electrolysis phenomena, the power supply on the
electrodes may be periodically inverted. Moreover, the
electrodes may be silver-lined so as to prevent possible
damage to the skin and deterioration of the electrode.
[0068] The inversion of polarity drastically reduces the
risk of deposition of Ag+ ions on the outer layers of the
skin. The ions which may have been deposited on the
skin are combined again with the surface of the electrode
after each inversion of polarity.

[0069] The resistance value measured by the detector
is present on the output 125 of the block 124 and is sent
to a further processing block 126 which performs further
processing of the BPV signal 121 so as to reduce further
the noise associated with it, using variations in the con-
ductivity at the output 125

[0070] In fact it has been found that the variation in
conductivity measured on the skin in the region of the
optical unit has a progression similar to the BVP added
to the slow progression of sweating. The variation in con-
ductivity observed, similar to the BVP, is due in particular
to the wave of blood which travels along superficial ves-
sels and which tends to constrict the sweat glands, which
release small amounts of fluid at the same frequency as
the heart beat.

[0071] This signal is in general very small and cannot
be easily used alone to obtain an indication of the heart
beat, but if combined with the signal detected optically
as described above, allows a further improvement in the
signal/noise ratio of the BVP signal output by the device.
[0072] Even though not shown in Figure 1, this system
for measuring the conductivity may be used in the same
way also to reduce the noise in the device 10 according
to Figure 1, using a processing block 125, to the input of
which the signal 15 of the block 14 is sent (instead of the
signal 121 of the block 120), as may be now easily im-
agined by the person skilled in the art.

[0073] The slow variation in the conductivity of the skin
may also be sent outside of the device 110 (or the device
10 which uses such a conductivity detector) in order to
be used to provide further physiological information about
the person, as is indicated by way of example by a broken
line 127 in Figure 3.

[0074] The device 110 may also use an accelerometer
19 as described for the device in Figure 1. The acceler-
ometer is in this case advantageously connected to the
last processing block 126 which is positioned before the
BVP signal output 128 of the device. In both the devices
10 and 110, the three-dimensional acceleration signal
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may also be sent externally so as to used to provide fur-
ther information about the person, as indicated by way
of example by the broken lines 20 and 129 in Figures 1
and 3.

[0075] Figure 5 shows schematically an advantageous
complete system, indicated generally by 200, for detect-
ing and processing the physiological data of a person.
[0076] Thesystem 200 comprises aremote device 201
which comprises in turn a detector of the same type as
the detector 10 or 110 described here, the BVP signals
(15 or 128) and any conductivity signal 127 of which are
sent to a data processing and transmission unit 202.
[0077] This unit 202 is advantageously formed as a
microprocessor unit which is suitably programmed and
therefore comprises advantageously a processor 203
which receives the signals from the device 10, 110, a
program memory 204, a data memory 205 and a trans-
mitting unit 206 which are connected to the processor
203.

[0078] The unit202 may be incorporated in the remote
device 201 or be entirely or partly designed as a separate
device and may also comprise known systems for intro-
ducing commands and for displaying data and informa-
tion (for example by means of a touch-screen display).
[0079] The unit 202 may be designed to communicate
(advantageously via a wireless or mobile phone connec-
tion for connection to the Internet) with a remote server
208 which may in turn be in communication with one or
more terminals 209.

[0080] In this way the physiological data processed or
pre-processed by the device 201 may be sent (also after
further processing by the server 208) to a remote display
and control terminal 209. A remote examination of a per-
son wearing the device 201 is thus possible. The data
processed by the server (or also by the remote terminal
209 upon operation by an operator) may be sent to the
unit 202 for local display, for example, by the said person
on whom the measurement is being performed.

[0081] The signals 15, 128 and 127 may be sent di-
rectly to the unit 202 or pass via a communication inter-
face 207 known per se (of the cabled or advantageously
wireless type).

[0082] In the case of a wireless connection, the detec-
tor 10, 110, together with the suitable communication in-
terface 207, may be incorporated in a small portable de-
vice (for example in the form of a wrist-watch) which com-
municates wirelessly with the processing and communi-
cation unit 202, kept in a pocket or hand-held.

[0083] Figure 6 shows an advantageous embodiment
of the device 201 according to Figure 5. In this embodi-
ment the detector 10, 110 is designed in the form of a
device 210 to be worn on the wrist, with the optical sen-
sors arranged on a side intended to be placed in contact
with the skin when the device is fastened to the wrist by
means of a strap 211. Preferably, the electrical sensors
are arranged on the strap itself. Advantageously, a seal-
ing ring 212 may be provided around the optical sensors
and is pressed against the skin and prevents the entry
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of ambient light and/or external moisture into the area
monitored by the sensors.

[0084] The device 210 communicates wirelessly (for
example via the interface 207 advantageously of the low
energy Bluetooth type) with an intelligent terminal (such
as advantageously a smart phone or a tablet) which, by
means of suitable programming, which may be now eas-
ily imagined, performs the functions of a processing and
communications unit 202. The terminal may in turn com-
municate with the Internet or mobile phone network wire-
lessly as mentioned above, in the case where remote
processing or display of the data is required.

[0085] The input of commands and display of informa-
tion locally may be easily performed by means of a touch
screen 213 of the terminal 202.

[0086] An interesting application of the system shown
in Figures 5 and/or 6 may be that of indicating to the
person wearing the device 210 and/or to a remote oper-
ator via the terminal 209 various physiological parame-
ters such as the stress state, the level of physical activity
and physical condition, the quality of sleep, the excitation
level, etc. These parameters may be determined on the
basis of the signals detected by the device 210. The op-
erator may also receive the data from a plurality of remote
detectors worn by several persons.

[0087] Atthispointitis clear how the predefined objects
have been achieved. Using the methods and the devices
according to the invention it is possible to obtain precise
and reliable signals in many conditions where there is
disturbance. For example, it is possible to change the
operating mode of the system, choosing the colour of the
light depending on the external conditions and the con-
dition and the type of skin, while also switching between
absorption mode or fluorescence mode.

[0088] A heart rate monitor according to the present
disclosure may advantageously comprise a sensor sys-
tem in contact with the skin and communicating with a
central processing system. Moreover, the sensor system
may comprise one or more optical detection systems for
measuring the variations in the blood volume using the
physical principles of absorption and/or fluorescence.
The optical systems advantageously comprise one or
more wide-band light emitters (LEDs) and one or more
wide-band light receivers and one or more tunable mon-
ochromator filters which are connected to light emitters,
light receivers or both of them, in order to select a certain
wavelength.

[0089] Owing to the principles disclosed, if required, it
is possible to remove the effect of deformation of the
tissues on the blood propagation time. The propagation
speed is altered partly by the beat itself, but more so by
stretching of the tissues. By making suitable use of the
signal obtained by means of the system described it is
possible toremove afurther noise component. Moreover,
if required, it is possible to remove the effect of the "mac-
roscopic" movement measured by the accelerometers.
It is also possible to use effectively high-luminosity emit-
ters.
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[0090] Obviously the description provided above of
embodiments applying the innovative principles of the
presentdisclosure is provided by way of example of these
innovative principles and must therefore not be regarded
as limiting the scope of the rights claimed herein.
[0091] Forexample, the various processing blocks de-
scribed above as separate may also be combined with
each other in a single processing block (for example a
suitably programmed microcontroller unit) as may now
be easily imagined by the person skilled in the art. For
example, the block 14 of the detector 10 or the two de-
tectors 10a and 10b may also be designed as a single
processing block, which may also comprise the block 120
and, possibly, the blocks 124 and 126. Advantageously,
the various blocks may be realized by means of algo-
rithms which comprise at least one of the following: an
algorithm for controlling the optical detection systems
and receiving signals from the optical detection systems
during the absorption mode; an algorithm for controlling
the optical detection systems and receiving signals from
the optical detection systems during the fluorescence
mode; an algorithm for controlling the system for detec-
tion of the electrical conductivity of the skin and receiving
signals from the system for detecting the electrical con-
ductivity of the skin; an algorithm for controlling the sys-
tem for detecting the acceleration (or mechanical move-
ment) and receiving signals from the acceleration detec-
tion system.

[0092] These algorithms may be realized by means of
a suitable program which can be performed by the proc-
essor contained in the device according to the invention,
as may be imagined by the person skilled in the art on
the basis of the present description. Advantageously, the
filters may be all adaptive numerical filters.

[0093] Inthe case of remote transmissionitis also pos-
sible to envisage an algorithm for encoding signals re-
ceived from the detection device or devices, for trans-
mission thereof via the transceiver of the device to the
external processing unit, and an algorithm for decoding
signals received via the transceiver from the external
processing unit. Further program parts may manage sta-
tus commands for controlling a status light emitter (for
example an LED) on a user interface of the device.
[0094] Thanks to the system which uses selectable fil-
ters for the wavelengths of the light, it is also possible to
use, compare and process signals obtained at more than
two wavelengths (for example blue, green, infrared) in
order to optimize particular aspects of the detection op-
eration.

[0095] The device according to the present disclosure
(for example in its device configuration 210) may also
comprise further elements useful for practical operation
such as a three-colour status light emitter (LED) connect-
ed to the processor for indicating the system status and
a pushbutton connected to the remote processor for in-
teracting with the detection device. The status indicated
by the status indicator may be atleast one of the following:
battery power low, battery charging, data acquisition
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mode. The device may also comprise a port for recharg-
ing an internal battery.

Claims

1. Aheartbeatdetection device comprising atleastone
optical reflection sensor unit (10, 10a, 10b) config-
ured to be placed on a person’s skin (13), the at least
one optical sensor unit including a light emitter (11)
and a corresponding light receiver (12), the light
emitter configured for emitting light onto the person’s
skin, the light receiver configured to receive the light
reflected by the skin and to convert it into an electric
signal,
characterized in that the optical sensor unit further
includes electrically adjustable optical filters (16, 17)
connected to the emitter, to the receiver, or to both,
in order to select, upon operation, a desired wave-
length of the light emitted onto the person’s skin, of
the light receivable by the light receiver, or both.

2. The heart beat detection device according to claim
1, wherein the electrically adjustable optical filters
(16, 17) include Fabry-Perot monochromators.

3. The heart beat detection device according to claim
1, further comprising a processing block (14) config-
ured for receiving the electric signal from the light
receiver and to control the electrically adjustable op-
tical filters (16, 17) so as to select alternatively a first
mode wherein the electric signal is a first electric
signal depending on the variation in blood volume
using the physical principles of absorption; and
a second mode wherein the electric signal is a sec-
ond electric signal depending on the variation in
blood volume using the physical principles of fluo-
rescence,
the processing block further configured for process-
ing the first electric signal and the second electric
signal to obtain a signal (15) representing the heart
rate.

4. The heart beat detection device according to claim
1, further comprising a processing block (14) config-
ured for receiving the electric signal from the light
receiver and for controlling the electrically adjustable
optical filters (16, 17) for optimizing the amplitude of
the electric signal.

5. The heart beat detection device according to Claim
1, comprising two optical sensor units (10a, 10b) ar-
ranged at a distance from each other, and a signal
processing block (120) connected to the optical sen-
sor units,
the signal processing block configured for estimating
a blood pulse propagation time between the two op-
tical sensor units, the signal processing block con-
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figured for modifying the signal (15a, 15b) detected
by at least one of the two optical sensor units de-
pending on variations in the estimated blood pulse
propagation time.

The heart beat detection device according to Claim
1, further comprising:

an electrical detection system (122, 123, 124)
configured for measuring the galvanic response
of the skin; and

a processing block (126) configured to obtain,
from the measurement of galvanic response of
the skin, a signal (125) depending on the per-
son’s heart beat, and to combine this signal with
the signal detected by the at least one optical
sensor unit.

The heart beat detection device according to Claim
1, further comprising a system (19) configured for
measuring the acceleration of the device, and a
processing block (14, 126) configured for, based on
the measured acceleration, modifying the signal de-
tected by the at least one optical sensor unit.

The heart beat detection device according to Claim
1, further comprising a processing block (14) config-
ured for receiving and processing the electric signal
from the receiver (12), and a power supply element
(18) for the emitter (11) of the at least one optical
sensor unit, the power supply element configured for
receiving commands from the processing block to
vary the luminosity of the emitter for keeping the light
received from the skin above a predefined minimum
threshold.

A method for detecting the heart beat of a person
comprising:

placing at least one optical reflection sensor unit
(10, 10a, 10b) on the person’s skin (13), the at
least one optical sensor unit including a light
emitter (11) and a corresponding light receiver
(12), the light emitter configured for emitting light
onto the person’s skin, the light receiver config-
ured to convert the light reflected by the skin into
an electric signal;

emitting, by the light emitter, light onto the per-
son’s skin;

receiving, by the light receiver, light reflected by
the skin;

converting, by the light receiver, the received
light into an electric signal; and

receiving, by a processing block (14) of a heart
beat detection device comprising the at least
one optical sensor unit, the electric signal from
the light receiver,
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characterised in that
the device further comprises:

a first electrically adjustable optical filter (16)
connected to the light emitter, in order to select,
upon operation, a wavelength of the light emitted
onto the skin; and

a second electrically adjustable optical filter (17)
connected to the light receiver, in order to select,
upon operation, a wavelength of the light receiv-
able by the light receiver; and

the method further comprises:

controlling, by the processing block, the electri-
cally adjustable optical filters (16, 17) so as to
select alternatively an absorption mode wherein
the electric signalis afirst electric signal depend-
ing on the variation in blood volume using the
physical principles of absorption, and a fluores-
cence mode, wherein the electric signalis a sec-
ond electric signal depending on the variation in
blood volume using the physical principles of flu-
orescence; and

processing, by the processing block, the first
electric signal and the second electric signal so
as to obtain a signal (15, 15a, 15b) representing
the heart beat.

10. The method according to Claim 9, further comprising

1.

dynamically tuning the wavelengths of the electrical-
ly adjustable optical filters to maximize the first elec-
tric signal in the absorption mode and the second
electric signal in the fluorescence mode, respective-

ly.
The method according to Claim 9, wherein :

placing the at least one optical reflection sensor
unit comprises arranging two optical sensor
units (10a, 10b) at a distance from each other;
and

the method further comprises:

receiving, by a signal processing block (120),
the signals (15a, 15b) from both optical sensor
units (10a, 10b);

estimating, by the signal processing block, a
blood pulse propagation time between the two
optical sensor units; and

modifying, by the signal processing block, the
signal received from at least one of the optical
sensor units depending on variations in the exti-
mated blood pulse propagation time.

12. The method according to Claim 9, further compris-

ing:
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measuring, by a system (19) configured for
measuring the acceleration of the device, a
three-dimensional acceleration signal ; and
modifying, via an adaptive numerical filter, the
electric signal detected by the at least one opti-
cal sensor unit, based on the three-dimensional
acceleration signal.

13. The method according to Claim 9, further compris-

ing:

measuring a galvanic response of the person’s
skin;

obtaining a signal (125) depending on the per-
son’s heart beat based on the measured galvan-
ic response; and

combining the signal (125) depending on the
person’s heartbeatwith the signal (15, 15a, 15b,
121) detected by the at least one optical sensor
unit.

14. The method according to Claim 9, further comprising

using the signal (15, 15a, 15b, 121, 128) represent-
ing the heart beat of the person to estimate one or
more of the following physiological parameters of the
person: stress state, level of physical activity, phys-
ical condition, quality of sleep, and excitation level.

Patentanspriiche

1.

Herzschlagerfassungsvorrichtung, umfassend min-
destens eine optische Reflexionssensoreinheit (10,
10a, 10b), die konfiguriert ist, um auf der Haut (13)
einer Person positioniert zu werden,

wobei die mindestens eine optische Sensoreinheit
einen Lichtsender (11) und einen entsprechenden
Lichtempfanger (12) beinhaltet, wobei der Lichtsen-
der konfiguriert ist, um Licht auf die Haut einer Per-
son zu strahlen,

wobei der Lichtempfénger konfiguriert ist, um das
Licht, welches von der Haut reflektiert wird, zu emp-
fangen und in ein elektrisches Signal umzuwandeln,
dadurch gekennzeichnet, dass die optische Sen-
soreinheit ferner elektrisch einstellbare optische Fil-
ter (16, 17) beinhaltet, die mit dem Sender, dem
Empfanger oder beiden verbunden sind, um bei Be-
trieb eine gewlinschte Wellenlange des Lichts, das
auf die Haut der Person gestrahlt wird, des Lichts,
das von dem Lichtempfanger empfangen werden
kann, oder von beiden, auszuwahlen.

Herzschlagerfassungsvorrichtung nach Anspruch 1,
wobei die elektrisch einstellbaren optischen Filter
(16, 17) Fabry-Perot-Monochromatoren beinhalten.

Herzschlagerfassungsvorrichtung nach Anspruch 1,
ferner umfassend einen Verarbeitungsblock (14),
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der konfiguriert ist, um das elektrische Signal von
dem Lichtempfanger zu empfangen und die elek-
trisch einstellbaren optischen Filter (16, 17) zu steu-
ern, um alternativ Folgendes auszuwahlen:

einen ersten Modus, wobei das elektrische Si-
gnal ein erstes elektrisches Signal ist, das von
der Veranderung des Blutvolumens unter Ver-
wendung der physikalischen Prinzipien der Ab-
sorption abhangig ist; sowie

einen zweiten Modus, wobei das elektrische Si-
gnal ein zweites elektrisches Signal ist, das von
der Veranderung des Blutvolumens unter Ver-
wendung der physikalischen Prinzipien der Flu-
oreszenz abhangig ist,

wobei der Verarbeitungsblock ferner zum Verarbei-
ten des ersten elektrischen Signals und des zweiten
elektrischen Signals konfiguriert ist,

um ein Signal (15) zu erhalten, das den Herzschlag
darstellt.

Herzschlagerfassungsvorrichtung nach Anspruch 1,
ferner umfassend einen Verarbeitungsblock (14),
der konfiguriert ist, um das elektrische Signal von
dem Lichtempfanger zu empfangen und die elek-
trisch einstellbaren optischen Filter (16, 17) zu steu-
ern, um die Amplitude des elektrischen Signals zu
optimieren.

Herzschlagerfassungsvorrichtung nach Anspruch 1,
umfassend zwei optische Sensoreinheiten (10a,
10b), die in einem Abstand zueinander angeordnet
sind, und einen Signalverarbeitungsblock (120), der
mit den optischen Sensoreinheiten verbunden ist,
wobei der Signalverarbeitungsblock konfiguriert ist,
um eine Blutpulslaufzeit zwischen den beiden opti-
schen Sensoreinheiten abzuschéatzen,

wobei der Signalverarbeitungsblock konfiguriert ist,
um das Signal (15a, 15b) zu modifizieren, das von
mindestens einer der beiden optischen Sensorein-
heitenin Abhangigkeit von Veréanderungen in der ge-
schatzten Blutpulslaufzeit erfasst wird.

Herzschlagerfassungsvorrichtung nach Anspruch 1,
ferner umfassend:

ein elektrisches Erfassungssystem (122, 123,
124), das konfiguriert ist, um die galvanische
Hautreaktion zu messen; und

einen Verarbeitungsblock (126), der konfiguriert
ist, um Uber die Messung der galvanischen
Hautreaktion ein Signal (125) in Abhangigkeit
vom Herzschlag der Person zu erhalten und die-
ses Signal mit dem Signal, das durch die min-
destens eine optische Sensoreinheit erfasst
wird, zu kombinieren.
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Herzschlagerfassungsvorrichtung nach Anspruch 1,
ferner umfassend ein System (19), das konfiguriert
ist, um die Beschleunigung der Vorrichtung zu mes-
sen, und einen Verarbeitungsblock (14, 126), der ba-
sierend auf der gemessenen Beschleunigung konfi-
guriert ist, um das Signal, das durch die mindestens
eine optische Sensoreinheit erfasst wird, zu modifi-
zieren.

Herzschlagerfassungsvorrichtung nach Anspruch 1,
ferner umfassend einen Verarbeitungsblock (14),
der konfiguriert ist, um das elektrische Signal von
dem Empfanger (12) zu empfangen und zu verar-
beiten, und ein Netzteilelement (18) fiir den Sender
(11) der mindestens einen optischen Sensoreinheit,
wobei das Netzteilelement konfiguriert ist, Befehle
von dem Verarbeitungsblock zu empfangen, um die
Lichtstarke des Senders zu variieren, damit das von
der Haut empfangene Licht Giber einem vordefinier-
ten minimalen Schwellenwert gehalten wird.

Verfahren zum Erfassen des Herzschlags einer Per-
son, umfassend:

Positionieren von mindestens einer optischen
Reflexionssensoreinheit (10, 10a, 10b) auf der
Haut einer Person (13), wobei die mindestens
eine optische Sensoreinheit einen Lichtsender
(11) und einen entsprechenden Lichtempfanger
(12) beinhaltet, wobei der Lichtsender konfigu-
riert ist, um Licht auf die Haut einer Person zu
strahlen, der Lichtempfénger konfiguriertist, um
das von der Haut reflektierte Licht in ein elektri-
sches Signal umzuwandeln;

Aussenden von Licht auf die Haut einer Person
durch den Lichtsender;

Empfangen von Licht, das von der Haut reflek-
tiert wird, durch den Lichtempfénger;
Umwandeln, durch den Lichtempfénger, des
empfangenen Lichts in ein elektrisches Signal;
und

Empfangen des elektrischen Signals von dem
Lichtempfanger Uiber einen Verarbeitungsblock
(14) einer Herzschlagerfassungsvorrichtung,
umfassend die mindestens eine optische Sen-
soreinheit,

dadurch gekennzeichnet, dass die Vorrichtung
ferner umfasst:

einen ersten elektrisch einstellbaren optischen
Filter (16), der mit dem Lichtsender verbunden
ist, um bei Betrieb eine Wellenldnge des auf die
Haut gestrahlten Lichts auszuwahlen; und

einen zweiten elektrisch einstellbaren optischen
Filter (17), der mit dem Lichtempfanger verbun-
den ist, um bei Betrieb eine Wellenlange des
Lichts, das durch den Lichtempféanger empfan-
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gen werden kann, auszuwahlen;
und dass das Verfahren ferner umfasst:

Steuern der elektrisch einstellbaren optischen
Filter (16, 17)durch den Verarbeitungsblock, um
alternativ einen Absorptionsmodus, wobei das
elektrische Signal ein erstes elektrisches Signal
ist, das von der Veranderung im Blutvolumen
unter Verwendung der physikalischen Prinzipi-
en der Absorption abhéngig ist, sowie einen Flu-
oreszenzmodus, wobei das

elektrische Signal ein zweites elektrisches Sig-
nalist, das vonder Veranderung im Blutvolumen
unter Verwendung der physikalischen Prinzipi-
en der Fluoreszenz abhangig ist, auszuwahlen;
und

Verarbeiten des ersten elektrischen Signals und
des zweiten elektrischen Signals durch den Ver-
arbeitungsblock, um ein Signal (15, 15a, 15b)
zu erhalten, das den Herzschlag darstellt.

10. Verfahren nach Anspruch 9, ferner umfassend dy-

1.

namisches Abstimmen der Wellenldngen der elek-
trisch einstellbaren optischen Filter, um das erste
elektrische Signal in dem Absorptionsmodus bezie-
hungsweise das zweite elektrische Signal in dem
Fluoreszenzmodus zu maximieren.

Verfahren nach Anspruch 9, wobei:

das Positionieren der mindestens einen opti-
schen Reflexionssensoreinheit das Anordnen
von zwei optischen Sensoreinheiten (10a, 10b)
in einem Abstand zueinander umfasst; und

das Verfahren ferner umfasst:

Empfangen der Signale (15a, 15b) von beiden
optischen Sensoreinheiten (10a, 10b) lber ei-
nen Verarbeitungsblock (120);

Abschatzen einer Blutpulsverlaufszeit zwischen
den beiden optischen Sensoreinheiten tiber den
Signalverarbeitungsblock; und

Modifizieren des Signals, das von mindestens
einer der optischen Sensoreinheiten iber den
Signalverarbeitungsblock empfangen wird, in
Abhangigkeit von Veradnderungen in der ge-
schatzten Blutpulsverlaufszeit.

12. Verfahren nach Anspruch 9, ferner umfassend:

Messen eines dreidimensionalen Beschleuni-
gungssignals Uber ein System (19), das konfi-
guriert ist, um die Beschleunigung der Vorrich-
tung zu messen; und

Modifizieren des elektrischen Signals, das von
der mindestens einen optischen Sensoreinheit
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erfasst wird, Gber einen adaptiven numerischen
Filter,

basierend auf dem dreidimensionalen Be-
schleunigungssignal.

13. Verfahren nach Anspruch 9, ferner umfassend:

Messen einer galvanischen Hautreaktion der
Person;

Erhalten eines Signals (125) in Abhangigkeit
von dem Herzschlag der Person basierend auf
der gemessenen galvanischen Reaktion; und
Kombinieren des Signals (125) in Abhangigkeit
vom Herzschlag der Person mitdem Signal (15,
15a, 15b, 121), das Uber die mindestens eine
optische Sensoreinheit erfasst wird.

14. Verfahren nach Anspruch 9, ferner umfassend die

Verwendung des Signals (15, 15a, 15b, 121, 128),
das den Herzschlag der Person darstellt, um einen
oder mehrere der folgenden physiologischen Para-
meter der Person abzuschatzen: Stresszustand,
Malf der korperlichen Aktivitat, korperlicher Zustand,
Schlafqualitat und Erregungsmal.

Revendications

Dispositif de détection de battement du coeur com-
prenant au moins une unité de capteur a réflexion
optique (10, 10a, 10b) configurée pour étre placée
sur la peau d’une personne (13),

I'au moins une unité de capteur optique incluant un
émetteur de lumiere (11) et un récepteur de lumiére
(12) correspondant, 'émetteur de lumiére étant con-
figuré pour émettre de la lumiére sur la peau de la
personne,

le récepteur de lumiére étant configuré pour recevoir
la lumiere réfléchie par la peau et pour la convertir
en un signal électrique,

caractérisé en ce que l'unité de capteur optique
inclut en outre des filtres optiques ajustables électri-
quement (16, 17) connectés a I'émetteur, au récep-
teur, ou aux deux, afin de sélectionner, lors d’un fonc-
tionnement, une longueur d’'onde désirée de la lu-
miere émise surla peau de la personne, de lalumiére
pouvant étre regue par le récepteur de lumiere, ou
des deux.

Dispositif de détection de battement du coeur selon
la revendication 1, dans lequel les filires optiques
ajustables électriquement (16, 17) incluent des mo-
nochromateurs de Fabry-Perot.

Dispositif de détection de battement du coeur selon
la revendication 1, comprenant en outre un bloc de
traitement (14) configuré pour recevoir le signal élec-
trique en provenance du récepteur de lumiére et pour
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commander les filtres optiques ajustables électri-
quement (16, 17) de fagon a sélectionner alternati-
vement

un premier mode dans lequel le signal électrique est
un premier signal électrique dépendant de la varia-
tion de volume sanguin en utilisant les principes phy-
siques d’absorption ; et

un second mode dans lequel le signal électrique est
un second signal électrique dépendant de la varia-
tion de volume sanguin en utilisant les principes phy-
siques de fluorescence, le bloc de traitement étant
en outre configure pour traiter le premier signal élec-
trique et le second signal électrique pour obtenir un
signal (15) représentant la fréquence cardiaque.

Dispositif de détection de battement du coeur selon
la revendication 1, comprenant en outre un bloc de
traitement (14) configuré pour recevoir le signal élec-
trique du récepteur de lumiere et pour commander
lesfiltres optiques ajustables électriquement (16, 17)
pour optimiser 'amplitude du signal électrique.

Dispositif de détection de battement du coeur selon
la revendication 1, comprenant deux unités de cap-
teur optique (10a, 10b) agencées a une distance
I'une de I'autre, et un bloc de traitement de signal
(120) connecté aux unités de capteur optique,

le bloc de traitement de signal étant configuré pour
estimer un temps de propagation du pouls sanguin
entre les deux unités de capteur optique,

le bloc de traitement de signal étant configuré pour
modifier le signal (15a, 15b) détecté par au moins
I'une des deux unités de capteur optique en fonction
des variations du temps de propagation du pouls
sanguin estimé.

Dispositif de détection de battement du coeur selon
la revendication 1, comprenant en outre :

un systéme de détection électrique (122, 123,
124) configuré pour mesurer la réponse galva-
nique de la peau ; et

un bloc de traitement (126) configuré pour ob-
tenir, a partir de la mesure de réponse galvani-
que de la peau, un signal (125) dépendant du
battementdu coeur delapersonne, et pour com-
biner ce signal avec le signal détecté par l'au
moins une unité de capteur optique.

Dispositif de détection de battement du coeur selon
la revendication 1, comprenant en outre un systeme
(19) configuré pour mesurer I'accélération du dispo-
sitif,

et un bloc de traitement (14, 126) configuré pour mo-
difier, d’aprés I'accélération mesurée, le signal dé-
tecté par I'au moins une unité de capteur optique.

Dispositif de détection de battement du coeur selon
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la revendication 1, comprenant en outre un bloc de
traitement (14) configuré pour recevoir et traiter le
signal électrique en provenance du récepteur (12),
et un élément d’alimentation électrique (18) pour
I'émetteur (11) de 'au moins une unité de capteur
optique, I'élément d’alimentation électrique étant
configuré pour recevoir des ordres en provenance
du bloc de traitement pour faire varier la luminosité
de’émetteur pour conserver lalumiére regue en pro-
venance de la peau au-dessus d’'un seuil minimal
prédéfini.

Procédé de détection du battement du coeur d’'une
personne comprenant :

lamise en place d’au moins une unité de capteur
a réflexion optique (10, 10a, 10b) sur la peau de
la personne (13), 'au moins une unité de capteur
optique incluant un émetteur de lumiere (11) et
un récepteur de lumiére (12) correspondant,
I'émetteur de lumiére étant configuré pour émet-
tre de la lumiére sur la peau de la personne, le
récepteur de lumiére étant configuré pour con-
vertirlalumiére réfléchie parla peau en un signal
électrique ;

I'émission, par I'émetteur de lumiére, de lumiére
sur la peau de la personne ;

la réception, par le récepteur de lumiére, de lu-
miere réfléchie par la peau ;

la conversion, par le récepteur de lumiére, de la
lumiére regcue en un signal électrique ; et

la réception, par un bloc de traitement (14) d’'un
dispositif de détection du battement du coeur
comprenant I'au moins une unité de capteur op-
tique, du signal électrique en provenance du ré-
cepteur de lumiére,

caractérisé en ce que
le dispositif comprend en outre :

un premier filtre optique ajustable électrique-
ment (16) connecté a I'émetteur de lumiére, afin
de sélectionner, lors d’un fonctionnement, une
longueur d’'onde de la lumiére émise sur la
peau ; et

un second filtre optique ajustable électrique-
ment(17) connecté aurécepteur delumiere, afin
de sélectionner, lors d’un fonctionnement, une
longueur d’onde de la lumiére pouvant étre re-
gue par le récepteur de lumiére ; et

le procédé comprend en outre :

la commande, par le bloc de traitement, des fil-
tres optiques ajustables électriquement (16, 17)
de fagon a sélectionner alternativement un mo-
de d’absorption dans lequel le signal électrique
est un premier signal électrique dépendant de
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la variation de volume sanguin en utilisant les
principes physiques d’absorption, et un mode
de fluorescence, dans lequel le signal électrique
est un second signal électrique dépendant de la
variation de volume sanguin en utilisant les prin-
cipes physiques de fluorescence ; et

le traitement, par le bloc de traitement, du pre-
mier signal électrique et du second signal élec-
trique de fagon a obtenir un signal (15, 15a, 15b)
représentant le battement du coeur.

10. Procédé selon la revendication 9, comprenant en

1.

outre le réglage fin dynamique des longueurs d’'onde
des filtres optiques ajustables électriquement pour
maximiser le premier signal électrique dans le mode
d’absorption et le second signal électrique dans le
mode de fluorescence, respectivement.

Procédé selon la revendication 9, dans lequel :

la mise en place de I'au moins une unité de cap-
teur a réflexion optique comprend 'agencement
de deux unités de capteur optique (10a, 10b) a
une distance I'une de l'autre ; et

le procédé comprend en outre :

la réception, par un bloc de traitement de signal
(120), des signaux (15a, 15b) en provenance
des deux unités de capteur optique (10a, 10b) ;
I’estimation, par le bloc de traitement de signal,
d’un temps de propagation du pouls sanguin en-
tre les deux unités de capteur optique ; et

la modification, par le bloc de traitement de si-
gnal, du signal regu en provenance d’au moins
une des unités de capteur optique dépendant
de variations du temps de propagation du pouls
sanguin estimé.

12. Procédé selon la revendication 9, comprenant en

outre :

la mesure, par un systéme (19) configuré pour
mesurer I'accélération du dispositif, d'un signal
d’accélération tridimensionnel ; et

la modification, via un filtre numérique adaptatif,
du signal électrique détecté par I'au moins une
unité de capteur optique,

d’apreés le signal d’accélération tridimensionnel.

13. Procédé selon la revendication 9, comprenant en

outre :

la mesure d’une réponse galvanique de la peau
de la personne ;

I'obtention d’un signal (125) dépendant du bat-
tement du coeur de la personne d’aprés la ré-
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ponse galvanique mesurée ; et

la combinaison du signal (125) dépendant du

battement du coeur de la personne avec le si-

gnal (15, 15a, 15b, 121) détecté par I'au moins

une unité de capteur optique. 5

14. Procédé selon la revendication 9, comprenant en

outre I'utilisation du signal (15, 15a, 15b, 121, 128)
représentant le battement du coeur de la personne
pour estimer un ou plusieurs des parametres phy- 70
siologiques suivants de la personne : état de stress,
niveau d’activité physique, condition physique, qua-
lité de sommeil, et niveau d’excitation.

15

20

25

30

35

40

45

50

55

14



EP 2 948 043 B1

_____________

1~
I

élﬁ&wjz

G . 73

| BR: |

';{E? ____________ ‘BPR,
dRZ:dein

» E

‘ ! : [
E opti E opt2 max

Fig.2

15



EP 2 948 043 B1

/Sa }5/20
/Qa /Ob b 727
170 *’""\ﬁ"""“"\""l?' fofeeee
e e sp— — 1179 /24
| = JI - T
! i I ! : : vﬂ\/2€?
| A ’ A L [z
IS N SV B N P24
22 LAl LS \ 125
e /23 24

Fig.4

16



EP 2 948 043 B1

/
15,128
207
L
10,770
~
207
e
202

/

F1g.6

17



EP 2 948 043 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« EP 2462866 A [0011] * US 2012150052 A [0013]

18



THMBW(EF)

RE(EFR)AGE)

HAT R E(ZFRR)AGE)

FRI& B A

RBA

REBHA(EF)
L5

H b 237 32k

S\EReERE

BE@®F)

DHRNRESEEL M EREEANKK LW AZRFERR. &
RBRETEZEE - MARFF[MN— MR EKER | T ERERTR
FRR SN A FRANBES , HEBEERHE , BRBEIFMERRAE
B AAXFIRIRER  UERITER EREN , FE-THERNER
K, ANHURENESHTLE , LB OKES. THRTERZ
RFHRENEM 5%,

patsnap

ATRAUNLEORESHRE , RENSGE

EP2948043B1 NI (»&E)B 2016-12-07
EP2014706094 RiEH 2014-01-21
EMPATICA SRL
EMPATICA SRL

TOGNETTI SIMONE
CENCI IVAN

RESNATI DANIELE
GARBARINO MAURIZIO
LAl MATTEO

TOGNETTI, SIMONE
CENCI, IVAN

RESNATI, DANIELE
GARBARINO, MAURIZIO
LAl MATTEO

A61B5/00 A61B5/024 A61B5/053

A61B5/0002 A61B5/0071 A61B5/02416 A61B5/0531 A61B5/7203 A61B5/7214 A61B2562/0219 A61B5
/0533

GILL JENNINGS & EVERY LLP

102013902120829 2013-01-24 IT

EP2948043A1
EP2948043B8

Espacenet



https://share-analytics.zhihuiya.com/view/8336b661-b43d-4261-ad5b-bcd7e5deb177
https://worldwide.espacenet.com/patent/search/family/047953526/publication/EP2948043B1?q=EP2948043B1

