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Description
FIELD OF THE INVENTION

[0001] The invention relates to an optical device for
measuring a heart rate of a user.

BACKGROUND OF THE INVENTION

[0002] The principle of optical heart rate measurement
is based on the use of a light source that emits light into
the skin of a user. Such a measurement is called photo-
plethysmography (PPG). The emitted light is scattered
within the skin, where it is absorbed partially by blood.
Reflected light exits the skin and is captured by a sensor.
The amount of the signal on the sensor is an indication
of the blood volume. The blood volume in the skin chang-
es when the blood stream pulsates and, as a conse-
quence, the signal on the sensor changes directly in re-
sponse to the pulsation. Hence, the sensor measures
directly a pulse of the user in the skin and can thus de-
termine the actual heart rate of the user at a given mo-
ment.

[0003] The measurement of the heart rate becomes
more complex when the user is in motion. Such a motion,
even slight, generates motion artefact, which can be de-
fined as a noise signal on top of the pulse signal. There-
fore, in order to obtain a highly reliable heartbeat meas-
urement, the motion artefact should be eliminated from
the measured pulse signal.

[0004] European patent application EP1354553 dis-
closes an apparatus for detecting a heartbeat by using
photoplethysmography, and which is capable of detect-
ing the heartbeat even under motion of a user. Such an
apparatus comprises a filtering unit for selectively pass-
ing only a signal within a specific frequency band among
the PPG signal detected by the PPG sensor unit. Such
a solution is quite complex and might not always be re-
liable.

[0005] US 5285784 discloses an optical device for
measuring a heart rate of a user, said device comprising
two light sources for emitting light into the skin of the user,
and a sensor forreceiving light signals from the light emit-
ted by each of the two light sources and reflected through
the skin of the user so as to determine the heart rate of
the user. The two light sources are situated at different
distances from the sensor such that the light signals re-
ceived from each of the two light sources have a different
penetration depth into the skin.

SUMMARY OF THE INVENTION

[0006] Itisan objectofthe presentinventionto propose
an optical device for measuring a heart rate of a user that
has better performances than the one of the prior art.
The invention is defined by the independent claim; the
dependent claims define advantageous embodiments.

[0007] In accordance with the invention, it is proposed
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an optical device for measuring a heart rate of a user,
said device comprising:

- two light sources for emitting light into the skin of the
user,

- asensorforreceiving light signals from the light emit-
ted by each of the two light sources and reflected
through the skin of the user so as to determine the
heart rate of the user.

The two light sources are situated at different distances
from the sensor such that the light signals received from
each of the two light sources have a different penetration
depth into the skin. The device further comprises a tem-
perature sensor for measuring an ambient temperature
and a control unit which is configured to select the light
source which is farthest from the sensor when the ambi-
ent temperature measured by the temperature sensor is
below a predetermined threshold.

[0008] Insuch a configuration, the light signals emitted
by each of the two light sources interfere at different
depths with blood vessels. Therefore, such an optical
device makes it possible to use two light sources so as
to create two light signals interfering with different blood
vessels, and to combine the light signals received from
the two light sources such that motion artefacts are sub-
stantially eliminated and heartrate can assessedreliably.
[0009] Inaccordance with the invention, the optical de-
vice comprises a temperature sensor for measuring an
ambient temperature and a control unit for selecting one
of the light sources in dependence on the measured am-
bient temperature. This makes it possible to select one
light source depending on a relevant criterion.

[0010] In accordance with another preferred embodi-
ment of the invention, the light signals emitted by the two
light sources may have anidentical or similar wavelength.
In accordance with another embodiment of the invention,
the light signals emitted by two light sources may also
have different wavelengths.

[0011] In accordance with still another preferred em-
bodiment of the invention, one light source is lift up with
respect to the surface of the skin of the user.

[0012] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWING

[0013] The present invention will now be described in
more detail, by way of example, with reference to the
accompanying drawing, wherein:

Fig. 1 shows the operation of an optical device ac-
cording to a first embodiment of the invention,

Fig. 2 shows how the pulse component and the mo-
tion artefact component are combined to obtain the
lightsignal received by the sensor in accordance with
the configuration of light sources of the first embod-
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iment, and
Fig. 3 shows the operation of an optical device ac-
cording to a second embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0014] The present invention relates to an optical de-
vice for measuring the heart rate of a user. Said device
comprises at least two light sources for emitting light into
the skin of the user, and a sensor for receiving light sig-
nals from the light emitted by each of the two light sources
and reflected through the skin of the user so as to deter-
mine the heart rate of the user. The optical device com-
prises a processing unit for receiving the sensor-signal
and for determining the pulse and/or heart rate of the
user in response to the sensor-signal. According to the
invention, the two light sources are situated at different
distances from the sensor such that the light signals re-
ceived from each of the two light sources have a different
penetration depth into the skin. The waveforms of said
light signals can be made different in terms of amplitude
and/or phase. This and other aspects of the invention will
be explained in more details in the following embodi-
ments. In the different embodiments, the two light sourc-
es are as an example two Light Emitting Devices LEDs.
Alternatively, the light sources can also be lasers. In the
following, the sensor is also preferably a photo-detector
diode. Itmay also be a phototransistor. The optical device
can be in the form of a watch, which is worn at a wrist or
arm of the user.

[0015] Accordingto afirst preferred embodiment of the
invention, as shown in Fig. 1, it is proposed to use the
lights emitted by two LEDs having identical wavelength.
The two LEDs 1 and 2 emit light into the skin of a user.
The two LEDs 1 and 2 are for example two green LEDs.
The emitted light is scattered within the skin, where it is
absorbed partially by blood depending how deep the
emitted light interferes with the blood vessels such as
capillary loop C, arteriole A and venule V. The reflected
light exits the skin and is captured by a photo-detector
diode 3. In the present embodiment, it can be seen on
Fig. 1 that the two LEDs 1 and 2 are located at different
distances from the photo-detector diode 3. Since the dis-
tances between each of the two LEDs 1 and 2 and the
photo-detector diode 3 are different, this creates different
penetration depths for the light that reaches the photo-
detector diode 3. The two LEDs 1 and 2 are pulsed at
different times and synchronized with the photo-detector
diode 3, and the signals from both depths can be meas-
ured simultaneously. In Fig. 1, signal a1*p(t) represents
the small pulse signal received from the LED 1 and signal
a2*p(t) represents the large pulse signal received from
the LED 2, both pulse signals being used to determine
the heart rate, and a1 and a2 being constants depending
on blood absorption. One advantage of such configura-
tion of LEDs and photo-detector diode is that the ampli-
tude of the pulse signal depends on the penetration depth
of said signal. The deeper the blood vessels, the larger
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the pulse signal. The more shallow that blood vessels,
the lower the signal, because those vessels are mostly
capillaries and do not bare much of the heart rate signal.
[0016] As explained before, the measurement of the
heart rate is more complex when the user is in motion,
in which case a motion artefact signal is added to the
pulse signal. This is illustrated in Fig. 2 where we can
see that the resulting light signal I(t) received by the pho-
to-detector diode is the sum of the pulse signal p(t) and
the motion artefact signal m(t). More specifically, the first
light signal 11(t) received from the first LED is the sum of
the small pulse signal a1*p(t) and the first motion artefact
signal b1*m(t), and the second light signal 12(t) received
from the second LED is the sum of the large pulse signal
a2*p(t) and the second motion artefact signal b2*m(t). It
is clear from Fig. 2 that motion artefacts are present in
both light signals but the motion artefact signal has much
more influence on the small pulse signal than on the large
pulse signal. As a matter of fact the two motion artefact
signals are quite similar. This is because the color of the
two LEDs is identical and light travels the same side of
the detector. Therefore the invention makes it possible
to mix in different ratios the pulse component and the
motion artefact component of the light signal, both meas-
ured in reflectivity.

[0017] According to a second preferred embodiment
of the invention as shown in Fig. 3, it is proposed to lift
up one of the LED with respect to the surface of the skin
of the user. On Fig. 3, the first LED 11 which is the closest
to the photo-detector diode has been lift up.

[0018] Asinthe firstembodiment, two LEDs 11 and 12
emit light into the skin of a user but in the second em-
bodiment, the LED 11 is lift up of a distance d with respect
to the surface of the skin of the user. The two LEDs 11
and 12 are also for example two green LEDs. As ex-
plained before, the emitted light is scattered within the
skin, and itis absorbed partially by blood depending how
deep the emitted light interferes with the blood vessels
such as capillary loop C, arteriole A and venule V. The
reflected light exits the skin and is captured by a photo-
detector diode 13. According to this second embodiment,
the first light signal received from the first LED 11 does
not penetrate deeply through the skin and is therefore
more absorbed. This drastically reduces the pulse com-
ponent in comparison with the first embodiment and
therefore increases the contribution from the motion ar-
tefact component in the first light signal.

[0019] According to another preferred embodiment of
the invention, the light signals emitted by the two LEDs
have different wavelengths. For example, the LED which
is the closest to the photo-detector diode is a blue LED,
the other LED being a green LED. As a matter of fact,
blue light has a smaller penetration depth than green
light. Because the wavelengths are different, the motion
artefacts will differ to a larger extent from the green LED
to the blue LED.

[0020] An optical device according to the invention
comprises two LEDs and a photo-detector diode, the light
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signals emitted by the two LEDs having an identical or
similar wavelength, and the two LEDs being situated at
different distances from the photo-detector diode. The
optical device according to such an embodiment further
comprises a temperature sensor for measuring an am-
bient temperature and a control unit, such as a controller,
for selecting one of the two LEDs in dependence on the
measured ambient temperature.

[0021] Such an embodiment has been implemented
based on the following observations. When the distance
between the LED and the photo-detector diode increas-
es, then the amount of light received by the photo-detec-
tor diode decreases drastically and the pulse amplitude
increases. Because the amount of light received by the
photo-detector diode is more important at a lower dis-
tance, it may be preferable to use the LED which is the
closest to the photo-detector diode, however, at the cost
of lower pulse amplitude. The situation may become dif-
ferent when the ambient temperature decreases, which
leads to a lower blood perfusion into the skin, especially
in the superficial layer of the skin. The consequence is
that the amplitude of the pulse signal of the first LED that
is the closest to the photo-detector diode decreases fast,
which is not the same for the second LED that is at a
larger distance from the photo-detector diode. As a mat-
ter of fact, the light signal emitted by this second LED
goes in deeper layers of the skin where blood vessels
are larger and which are moreover less affected by a
decrease of the ambienttemperature, resulting in a much
larger pulse signal.

[0022] Based on the above, it is proposed an optical
device having thus two LEDs situated at different dis-
tances fromthe photo-detector diode, atemperature sen-
sor and a controlling unit to choose automatically one of
the two LEDs based on the temperature measured by
the temperature sensor. In power save mode, the control
unit is configured to switch to the first LED which is the
closest to the photo-detector diode. When it is cold out-
side, e.g. when the ambient temperature measured by
the temperature sensor is below a predetermined thresh-
old such as 10 °C, the control unit is configured to switch
automatically to the second LED which is situated at a
larger distance.

[0023] Inthe present specification and claims the word
"a" or "an" preceding an element does not exclude the
presence of a plurality of such elements. Further, the
word "comprising" does not exclude the presence of other
elements or steps than those listed.

Claims

1. Optical device for measuring a heart rate of a user,
said device comprising:

-two light sources (1,2;11,12;21,22) for emitting
light into the skin of the user,
- a sensor (3;13;23) for receiving light signals
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from the light emitted by each of the two light
sources and reflected through the skin of the
userso as to determine the heartrate of the user,

wherein the two light sources (1,2) are situated at
different distances from the sensor such that the light
signals (l4,l,) received from each of the two light
sources have a different penetration depth into the
skin.

characterized in that the device further comprises
atemperature sensor for measuring an ambienttem-
perature and a control unit which is configured to
select the light source which is farthest from the sen-
sor when the ambient temperature measured by the
temperature sensor is below a predetermined
threshold.

2. Optical device as claimed in claim 1, wherein the
control unit is further configured to select the light
source which is the closest to the sensor in power
save mode.

3. Optical device as claimed in claims 1 or 2, wherein
the light signals emitted by two light sources have
an identical or similar wavelength.

4. Optical device as claimed in claim 3, wherein the
color of the light emitted by the two light sources is
green.

5. Optical device as claimed in claims 1 or 2, wherein
the light signals emitted by two light sources have
different wavelengths.

6. Optical device as claimed in claim 5, wherein the
color of the light emitted by one light source is green
and the color of the light emitted by the other light
source is blue and wherein the green light source is
placed at a larger distance from the sensor than the
blue light source.

7. Optical device as claimed in any of the previous
claims, wherein one light source (12) is lift up with
respect to the surface of the skin of the user.

8. Optical device as claimed in any of the previous
claims, wherein the light signals emitted by the light
sources are pulsed at different times and synchro-
nized with the sensor.

9. Optical device as claimed in any of the previous
claims, where the light sources are light emitting di-

odes.

10. Optical device as claimed in any of the previous
claims, where the sensor is a photo-detector diode.

11. Optical device as claimed in any of the previous
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claims, arranged for being worn at the wrist.

Patentanspriiche

Optische Vorrichtung zum Messen einer Herzfre-
quenz eines Benutzers, wobei die Vorrichtung Fol-
gendes umfasst:

-zweiLichtquellen (1,2;11,12;21,22) zum Emit-
tieren von Licht in die Haut des Benutzers,

- einen Sensor (3; 13; 23) zum Empfangen von
Lichtsignalen von dem durch jede der beiden
Lichtquellen emittierten und durch die Haut des
Benutzers reflektierten Licht, um so die Herzfre-
quenz des Benutzers zu ermitteln,

wobei sich die beiden Lichtquellen (1, 2) in verschie-
denen Abstanden vondem Sensor befinden, sodass
die von jeder der beiden Lichtquellen empfangenen
Lichtsignale (14, I,) eine unterschiedliche Eindring-
tiefe in die Haut haben,

dadurch gekennzeichnet, dass die Vorrichtung
weiterhin einen Temperatursensor zum Messen ei-
ner Umgebungstemperatur und eine Steuereinheit
umfasst, die konfiguriert ist, um die Lichtquelle aus-
zuwéahlen, die am weitesten von dem Sensor entfernt
ist, wenn die durch den Temperatursensor gemes-
sene Umgebungstemperatur unter einem vorgege-
benen Schwellenwert liegt.

Optische Vorrichtung nach Anspruch 1, wobei die
Steuereinheit weiterhin konfiguriert ist, um im
Stromsparbetrieb die Lichtquelle auszuwéhlen, die
dem Sensor am nachsten ist.

Optische Vorrichtung nach Anspruch 1 oder 2, wobei
die durch die beiden Lichtquellen emittierten Licht-
signale eine identische oder ahnliche Wellenlange
haben.

Optische Vorrichtung nach Anspruch 3, wobei die
Farbe des durch die beiden Lichtquellen emittierten
Lichts grln ist.

Optische Vorrichtung nach Anspruch 1 oder 2, wobei
die durch die beiden Lichtquellen emittierten Licht-
signale unterschiedliche Wellenlangen haben.

Optische Vorrichtung nach Anspruch 5, wobei die
Farbe des durch eine Lichtquelle emittierten Lichts
grun ist und die Farbe des durch die andere Licht-
quelle emittierten Lichts blau ist, und wobei die griine
Lichtquelle in einer gréfReren Entfernung von dem
Sensor platziert ist als die blaue Lichtquelle.

Optische Vorrichtung nach einem der vorhergehen-
den Anspriiche, wobei eine Lichtquelle (12) in Bezug
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10.

1.

auf die Hautoberfliche des Benutzers angehoben
ist.

Optische Vorrichtung nach einem der vorhergehen-
den Anspriiche, wobei die durch die Lichtquellen
emittierten Lichtsignale zu verschiedenen Zeitpunk-
ten gepulst und mit dem Sensor synchronisiert wer-
den.

Optische Vorrichtung nach einem der vorhergehen-
den Anspriiche, wobei die Lichtquellen Leuchtdio-
den sind.

Optische Vorrichtung nach einem der vorhergehen-
den Anspriiche, wobei der Sensor eine Fotodetek-
tordiode ist.

Optische Vorrichtung nach einem der vorhergehen-
den Anspriiche, die vorgesehen ist, um am Hand-
gelenk getragen zu werden.

Revendications

1.

Dispositif optique pour mesurer une fréquence car-
diaque d’un utilisateur, ledit dispositif comprenant :

- deux sources de lumiére (1,2 ;11,12 ; 21, 22)
pour émettre de la lumiére dans la peau de I'uti-
lisateur,

- un capteur (3 ; 13 ; 23) pour recevoir des si-
gnaux lumineux a partir de la lumiére émise par
chacune des deux sources de lumiére et réflé-
chie a travers la peau de I'utilisateur de maniére
a déterminer la fréquence cardiaque de I'utilisa-
teur,

dans lequel les deux sources de lumiére (1, 2) se
situent ades distances différentes du capteur de telle
sorte que les signaux lumineux (I, I5) regus depuis
chacune des deux sources de lumiere ont une pro-
fondeur de pénétration différente dans la peau,
caractérisé en ce que le dispositif comprend en
outre un capteur de température destiné a mesurer
une température ambiante et une unité de comman-
de qui est configurée pour sélectionner la source de
lumiére qui est la plus éloignée du capteur quand la
température ambiante mesurée par le capteur de
température est sous un seuil prédéterminé.

Dispositif optique selon la revendication 1, dans le-
quel l'unité de commande est en outre configurée
pour sélectionner la source de lumiére qui est la pro-
che du capteur dans un mode économie d’énergie.

Dispositif optique selon la revendication 1 ou 2, dans
lequel les signaux lumineux émis par deux sources
de lumiére ont une longueur d’onde identique ou si-
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milaire.

Dispositif optique selon la revendication 3, dans le-
quel la couleur de lalumiere émise parles deux sour-
ces de lumiére est verte.

Dispositif optique selon les revendications 1 ou 2,
dans lequel les signaux lumineux émis par deux
sources de lumiére ont des longueurs d’onde diffé-
rentes.

Dispositif optique selon la revendication 5, dans le-
quel la couleur de la lumiére émise par une source
de lumiére est verte et la couleur de la lumiére émise
parl'autre source de lumiére est bleue et dans lequel
la source de lumiére verte est placée a une distance
plus importante du capteur que ne I'est la source de
lumiere bleue.

Dispositif optique selon 'une quelconque des reven-
dications précédentes, dans lequel une source de
lumiere (12) est soulevée par rapport a la surface de
la peau de I'utilisateur.

Dispositif optique selon 'une quelconque des reven-
dications précédentes, dans lequel les signaux lu-
mineux émis par les sources de lumiére sont pulsés
a différents moments et synchronisés avec le cap-
teur.

Dispositif optique selon 'une quelconque des reven-
dications précédentes, ou les sources de lumiére
sont des diodes électroluminescentes.

Dispositif optique selon 'une quelconque des reven-
dications précédentes, dans lequel le capteur est
une diode photodétectrice.

Dispositif optique selon 'une quelconque des reven-
dications précédentes, agencé pour étre porté au
niveau du poignet.
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al*p(t)

a2*p(t)

li(t)=a1*p(t)+b1*m(t)

~ h(t)=a*p(t)+by*m(t)

FIG. 2
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FIG. 3
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