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Description

TECHNICAL FIELD

[0001] The present invention relates to a watch move-
ment integrating both mechanical parts and electronics.

BACKGROUND ART

[0002] Mechanical movements and quartz movements
for watches have been known for a long time. Quartz
movements with electronics features and wireless con-
nectivity exist.
[0003] One example of prior art is a horological smart-
watch made by FREDERIQUE CONSTANT® which in-
tegrates an electronic circuit boards and electromagnetic
micro-motors. Detailed documentation on this smart-
watch may be found for example at following urls:

• http://frederiqueconstant.com/smartwatch/
• http://frederiqueconstant.com/smartwatch/wp-con-

tent/uploads/2016/09/GUIDE-FC-SMARTWATCH-
7-GB-Web.pdf

[0004] The smartwatch comprises Bluetooth® com-
munication technology, a processor and an accelerom-
eter.
[0005] Other prior art watches may integrate a me-
chanical movement and a number of electronic devices
and features around the mechanical movement. One
such example is the Hyetis Alpha® product described at
the website https://www.xavierstuder.com/wp-con-
tent/uploads/2016/02/Workbook Light.pdf.
[0006] In addition to an automatic movement, the
watch comprises OLED screens, a UV dosimeter, Blue-
tooth® communication technlogy, a wireless charging
and battery system, a speaker, as well as laser emitting
beams and sensors such as biometric captors for heart
rate and oxygen saturation measurement, and gyro-
scope, magnetometer, accelerometer, barometer, altim-
eter, hygrometer, and thermometer, a satellite position-
ing meter, all controled by a microcomputer running a
proprietary operating system.
[0007] While known systems that combine mechanical
movement and electronics provide most features of both
worlds, there is no real synergy between these worlds in
that they fail to interact with each other.
[0008] WO2016/141393 A1 discloses a hybrid watch
consisting of a mechanical watch movement and an elec-
tronic system having a sensor and wireless communica-
tion which electronic system is integrated in the mechan-
ical watch movement area.

SUMMARY OF INVENTION

[0009] The invention relates to a hybrid mechanical
watch movement according to claim 1.
[0010] Preferred embodiments are disclosed by the

dependent claims 2-7.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The invention will be better understood through
the description of preferred embodiments in reference to
the figures, wherein

figure 1 shows two top views of a movement with
display hands, a first set of display hands with a dial,
and a second set of display hands without any dial;
figure 2 shows the movement of figure 1 with its con-
stitutive parts in an exploded view;
figure 3 shows a Lavet micro-motor in a shielding
case with details according to an example not form-
ing part of the invention in an exploded view;
figure 4 shows a block diagram of electronics ac-
cording to an example embodiment of the invention;
figure 5 shows a metal dial with an opening to enable
an wireless interface;
figures 6a and 6b show a top and a bottom view of
the movement, wherein a number of main parts are
hiden for a better readability in order to show a mi-
crophone and a mechanical elements generating a
characteristic noise of the movement;
figure 7 shows a possible implementation of the
movement in a watch and a charger pod;
figure 8 represents a block diagram of the architec-
ture of the system analysing the sound of the me-
chanical movement; and
figure 9 shows a recording of the sound of the me-
chanical movement recorded by the microphone.

DESCRIPTION OF PREFERRED EMBODIMENTS OF 
THE INVENTION

[0012] One of the problems addressed by the invention
is to integrate in a same watch movement,

• a mechanical movement displaying time and date
and

• electronics realizing sensors, implementing wireless
communication and driving micro-motors to display
external or internal information.

[0013] A further one of the problems addressed by the
invention is to integrate in a same watch movement

• mechanical parts realising mechanical movements
that move hands showing time, date and moon-
phase, sensitive to electro-magnetic fields and

• one or several Lavet micro-motors, creating electro-
magnetic fields.

[0014] A further one of the problems addressed by the
invention is to integrate in a same watch movement com-
prising a mechanical movement and electronics, a sys-
tem that monitors the correct functionning of the watch
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movement.
[0015] The above enunciated problems are solved by
providing a mechanical watch movement, also known as
a caliber, and integrating into the mechanical watch
movement electronic and electro-magnetic parts such as
for example a Lavet micro-motor, a Printed Circuit Board
(PCB), a battery, and one or more sensors. The electronic
parts are truly part of the mechanical movement and can-
not stand without it. As a whole a hybrid mechanical
watch movement is obtained.
[0016] Referring to figure 2, the hybrid mechanical
watch movement comprises a plurality of classical me-
chanical movement parts such as a bridge 21, a plate
28, weels 27 and disks 29. It further comprises micro-
motor parts 22, a rechargeable battery 26, battery con-
tacts 23 and 24, and a populated Printed Circuit Board
(PCB) 25.
[0017] Further referring to figure 2, the electronic com-
ponents, i.e. the PCB 25, the battery 26, the microphone
30a and the Lavet motor 22 are held in the movement
between the plate 28 and the bridge 21, in a manner
similar as with traditional mechanical parts.
[0018] In a preferred embodiment the micro-motor is
a Lavet type stepping motor, i.e., a special kind of single-
phase stepping motor, well known from prior art.
[0019] The hybrid movement may display time in a
manner similar to that of a classical mechanical watch
movement. It may also mechanically display date and
moonphase.
[0020] Figure 1 shows an example of a display where
the movement displays time by means of an hours hand
13 and minutes hand 12, and display date by means of
a date hand 14 and moonphase by means of a dedicated
moonphase display 15.
[0021] The hybrid movement may in addition to the dis-
play similar to that of a classical mechanical watch further
be enabled to display additional information by means of
a micro-motor 11, which may for example be the micro-
motor 22, 31-35 illustrated in figures 2 and 3, and rotate
an additional hand driven by the micro-motor 11. This
additional information is not displayed by mechanical
parts.
[0022] Referring now to figure 3, the micro-motor com-
prises a bridge 31, a self and stator assembly 33, motor
wheels 34 and a base 35. It further comprises a motor
PCB 32 for connection purposes. The electro-magnetic
parts, i.e. coil and stator 33, rotor and mobiles 34, are
enclosed in a shielding case (as well known as Faraday
cage) composed of shield base 35 and a shield cover
31. The shielding case is made of magnetically conduc-
tive material to enclose the magnetic fields inside the
shielding case 31, 35, and to prevent them from disturb-
ing the proper operation of the mechanical parts of the
hybrid movement.
[0023] Referring again to figure 2, the electronic parts
comprise the PCB 25, which is powered by the recharge-
able battery 26 through the battery connections 23 & 24.
The PCB 25 is populated with electronics components

(not shown in figure 2) realizing desired electronics func-
tions. These components comprise for instance at least
one of the list comprising

• at least an embedded sensor,
• at least an embedded processor,
• a wireless communication interface,
• a set of radio-frequency components.

[0024] In a preferred embodiment of the invention, the
wireless interface is Bluetooth Low Energy®.
[0025] Referring again to figure 1, the electronic parts
of the hybrid movement further comprise the at least one
micro-processor (not illustrated in figure 1) that is config-
ured to drive the micro-motor 11 in order to display the
additional information. This additional information may
be either or a the same time derived

• from measurements made with the at least one em-
bedded sensor, using embedded algorithms to proc-
ess the measurements by means of the at least one
embedded processor; or

• from information received over the wireless commu-
nication information and processed by means of the
at least one embedded processor.

[0026] The embedded processor may further realize
the following functions:

• driving the Lavet micro-motor,
• reading the at least one embedded sensor,
• operate the wireless communication interface,
• data processing, such as for instance analysing an

internal behaviour of the mechanical movement.

[0027] This list of functions given here is an example,
and may well differ in further preferred embodiments,
comprising further functions and/or not implementing a
function already indicated.
[0028] Referring to figure 3, the contact PCB 32 ena-
bles to connect the Lavet micro-motor coil 33 to the elec-
tronic PCB 35, without letting the magnetic fields go out
of the Faraday cage. Thanks to this connection, the proc-
essor 42 on the PCB drives the coil 33 to move tha hand
11 and thus displays the information that the processor
42 is programmed to display.
[0029] Referring now to figure 4, this represents a block
diagram of electronic parts according to an example em-
bodiment of the invention. Accordingly, the electronic
parts 41-46 may in addition to the already mentionned

• at least one embedded sensor (shown here as "other
sensors" 45),

• at least one embedded processor 42,
• wireless communication interface 41, and
• micro-motor 46,

further comprise
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• a movement sensor 44, and
• a microphone 43.

[0030] The embedded processor 42 may be config-
ured to count steps of the intended user wearing the hy-
brid movement watch, and to monitor sleep cycles.
[0031] For precision purposes a metal dial is usually
preferred in watch industry. Figure 5 shows and example
metal dial where an opening 51 is left to let the radio-
frequency waves, generated and received by the wire-
less interface, go through. This opening is :

• either covered by painting or mother of pearl,
• or filled or covered with plastic or other non metallic

material

[0032] The opening zone 51 is big enough to let enough
waves go through and small enough not to impact the
esthetics of the dial.
[0033] The opening zone 51 is placed above the loca-
tion of the antenna circuit of the wireless interface to max-
imize the transmission of radio-frequency waves out of
the watch dial and case.
[0034] Refering to figures 6a and 6b which represent
a preferred embodiment, a microphone 61 may be placed
in a cavity 63 dug for example inside the main plate 60
of the movement. The cavity 63 is placed as close as
possible to the source of the mechanical elements cre-
ating the characteristic noise of the mechanical move-
ment, which incidentally comprises

• an escapement wheel 62,
• a fork 64, and
• a balance 65.

[0035] The cavity 63 goes through the whole thickness
of the plate 60 to enable an improved circulation of the
noise from the mechanical elements to the microphone
61.
[0036] Refering to figure 4, a microphone signal 43
measured with the microphone 61 (not shown in figure
4) is acquired by a processor 42. The processor 42 filters
the microphone signal 43 to keep the information coming
from the mechanical beat. An algorithm in the processor
41 calculates the beat frequency of the movement and
thus the precision in time of the movement. This infor-
mation is either diplayed on the Lavet motor display 11
(not represented in figure 4) or sent via a wireless inter-
face as illustrated in an example manner by a Bluetooth
Low Energy® processing 41 and antenna 40.
[0037] Referring to figure 8, the microphone 81 picks
up the sound of the mechanical movement. In a prefered
embodiment of the invention, the rest of the treatment
chain is embedded in a processor 89. A first ADC block
82 (Analaog to Digital Converter) acquires the signal from
the microphone 81. The data from the acquired signal is
then either stored in memory 88 or sent to a filter 83. The
filtered signal output from filter 82 is sent to the algorithm

84. The algorithm 84 computes from the input signal a
beat period 85, a beat frequency 86, and a time drift 87-
the actual time given by the movement compared to the
perfect official time. The time drift 87 gives the unpreci-
sion of the movement or its error in giving the time. The
beat period 85, the beat frequency 86, and the time drift
87, but also a sound recording 88 are sent via a wireless
interface 83 to an external connected device, for example
a smartphone companion application in a prefered em-
bodiment of the invention.
[0038] Referring to figure 9, the signal 91 picked up by
the microphone 81 recording the sound of the beat of the
mechanical movement, is digitized and analyzed by the
processor 89. The algorithm 84, according to parameters
such as A, determines a series of measurements T1, T2,
T3, etc.
[0039] The algorithm computes values T (period of the
movement), F (beat frequency of the movement) and Drift
(drift of the time function given by the movement): 

where:

• f is a mathematical function with the parameters A,
T1, T2, T3, etc.,

• K is a constant, and
• Drift the drift of the time function of the movement in

seconds/day.

[0040] As illustrated in figure 4, the signal of the micro-
phone 43 is sent over the wireless interface 41 to be
analyzed and computed by a device connected to the
movement via the wireless interface. In a prefered em-
bodiment the movement is connected to a companion
application running on a smartphone, tablet or computer
based platform, analyzing the sound recording of the mi-
crophone 43 and, computing and diplaying the precision
in time of the movement.

Claims

1. A hybrid mechanical watch movement comprising
a mechanical watch movement comprising a plate
(28) and a bridge (21) configured to hold in between
of them mechanical parts (62,64,65) of the mechan-
ical watch movement, a plurality of electronic com-
ponents comprising one or more from the list com-
prising a printed circuit board (25), a Lavet micro-
motor (22), and a rechargeable battery (26),
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whereby the plurality of electronic components is
part of the mechanical watch movement and is held
in the mechanical watch movement between the
plate (28) and the bridge (21),
the hybrid mechanical watch movement being char-
acterized in that
the plurality of electronic components comprises a
microphone (30a,61), whereby the microphone
(30a,61) is placed in a dedicated cavity (30b,63) of
the mechanical movement in proximity to said me-
chanical parts (62,64,65) generating a sound of the
mechanical movement and the microphone is con-
figured to record this sound.

2. the hybrid mechanical watch movement of claim 1,
further comprising a shielding case configured to
confine the plurality of electronic elements, whereby
the shielding case comprises magnetically conduc-
tive material that is enabled to enclose magnetic
fields inside the shielding, and to prevent the mag-
netic field from disturbing a proper operation of the
mechanical watch movement.

3. The hybrid mechanical watch movement of claim 1
wherein the mechanical watch movement is config-
ured to display mechanical time functions, by means
of any one of the following list comprising an hours
hand (13), a minutes hand (12), a date hand (14), a
moonphase display (15).

4. The hybrid mechanical movement of claim 1 com-
prising the printed circuit board (25), wherein the
printed circuit board (25) comprises an embedded
processor (42) that is configured to run an algorithm
analysing the sound of the mechanical movement
and compute a performance and a precision of a
time function of the mechanical watch movement.

5. The hybrid mechanical watch movement of claim 1,
comprising the Lavet micro-motor and the printed
circuit board, and further comprising a display for
additional information, wherein the additional infor-
mation is represented on the display using an addi-
tional hand driven by the Lavet micro-motor (11; 22)
as controlled by a processor (42) comprised in the
printed circuit board (25).

6. The hybrid mechanical watch movement of claim 1,
further comprising a wireless communication inter-
face that is configured to enable wireless communi-
cation with distinct external devices, which may be
one or more of the list comprising a smartphone, a
tablet, a processor-based device.

7. The hybrid mechanical watch movement of claim 1,
comprising the printed circuit board (25), wherein the
printed circuit board (25) is designed to execute a
plurality of electronic functions; and

the hybrid mechanical watch movement further com-
prises at least a sensor (43, 44, 45) functionally con-
nected to a processor (42) of the printed circuit board
(25), the processor (42) being configured to allow an
implementation of a plurality of electronic functions
which comprise at least one of the following list:

- step counting using a step counting algorithm,
whereby the at least one sensor comprises an
accelerometer component (44),
- sleep monitoring using a sleep monitoring al-
gorithm, whereby the at least one sensor com-
prises the accelerometer component (44),
- temperature measurement using one of the at
least one sensors (45) as appropriate,
- humidity measurement using one of the at least
one sensors (45) as appropriate,
- heart rate measurement using one of the at
least on sensors (45) as appropriate, and a heart
rate monitoring algorithm, and
- UV measurement using one of the at least one
sensors (45) as appropriate.

Patentansprüche

1. Hybrides mechanisches Uhrwerk, das Folgendes
aufweist:

ein mechanisches Uhrwerk, das eine Platte (28)
und eine Brücke (21) aufweist, ausgebildet, um
zwischen sich mechanische Teile (62, 64, 65)
des mechanischen Uhrwerks zu halten,
eine Vielzahl von elektronischen Komponenten,
die eine Leiterplatte (25) und/oder einen Lavet-
Mikromotor (22) und/oder eine wiederaufladba-
re Batterie (26) aufweist, wobei die Vielzahl der
elektronischen Komponenten Teil des mecha-
nischen Uhrwerks ist und in dem mechanischen
Uhrwerk zwischen der Platte (28) und der Brü-
cke (21) gehalten wird,
wobei das hybride mechanische Uhrwerk da-
durch gekennzeichnet ist, dass
die Vielzahl von elektronischen Komponenten
ein Mikrofon (30a, 61) aufweist,
wobei das Mikrofon (30a, 61) in einem dafür vor-
gesehenen Hohlraum (30b, 63) des mechani-
schen Uhrwerks in der Nähe der mechanischen
Teile (62, 64, 65) angeordnet ist, die ein Ge-
räusch des mechanischen Uhrwerks erzeugen,
und das Mikrofon ausgebildet ist, um dieses Ge-
räusch aufzunehmen.

2. Hybrides mechanisches Uhrwerk nach Anspruch 1,
das darüber hinaus ein Abschirmgehäuse aufweist,
das zum Abgrenzen der Vielzahl von elektronischen
Komponenten ausgebildet ist, wobei das Abschirm-
gehäuse magnetisch leitendes Material aufweist,
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das in der Lage ist, Magnetfelder innerhalb der Ab-
schirmung einzuschließen und zu verhindern, dass
das Magnetfeld eine einwandfreie Funktion des me-
chanischen Uhrwerks stört.

3. Hybrides mechanisches Uhrwerk nach Anspruch 1,
wobei das mechanische Uhrwerk zum Anzeigen me-
chanischer Zeitfunktionen mithilfe eines Stunden-
zeigers (13), eines Minutenzeigers (12), eines Da-
tumszeigers (14), einer Mondphasenanzeige (15)
ausgebildet ist.

4. Hybrides mechanisches Uhrwerk nach Anspruch 1,
das die Leiterplatte (25) aufweist, wobei die Leiter-
platte (25) einen eingebetteten Prozessor (42) auf-
weist, der zum Ausführen eines Algorithmus ausge-
bildet ist, der das Geräusch des mechanischen Uhr-
werks analysiert und eine Leistung und eine Genau-
igkeit einer Zeitfunktion des mechanischen Uhr-
werks berechnet.

5. Hybrides mechanisches Uhrwerk nach Anspruch 1,
das den Lavet-Mikromotor und die Leiterplatte auf-
weist und darüber hinaus eine Anzeige für zusätzli-
che Informationen aufweist, wobei die zusätzlichen
Informationen auf der Anzeige unter Verwendung ei-
nes zusätzlichen Zeigers dargestellt werden, der von
dem Lavet-Mikromotor (11, 22) angetrieben wird,
wie er durch einen Prozessor (42) gesteuert wird,
der in der Leiterplatte (25) enthalten ist.

6. Hybrides mechanisches Uhrwerk nach Anspruch 1,
das darüber hinaus eine drahtlose Kommunikations-
schnittstelle aufweist, die zum Ermöglichen von
drahtloser Kommunikation mit verschiedenen exter-
nen Geräten ausgebildet ist, bei denen es sich um
ein Smartphone und/oder ein Tablet und/oder ein
prozessorbasiertes Gerät handeln kann.

7. Hybrides mechanisches Uhrwerk nach Anspruch 1,
das die Leiterplatte (25) aufweist,
wobei die Leiterplatte (25) zum Ausführen einer Viel-
zahl elektronischer Funktionen ausgelegt ist; und
wobei das hybride mechanische Uhrwerk mindesten
einen Sensor(43, 44, 45) aufweist, der funktional mit
einem Prozessor (42) der Leiterplatte (25) verbun-
den ist, wobei der Prozessor (42) zum Ermöglichen
einer Implementierung einer Vielzahl elektronischer
Funktionen ausgebildet ist, die aus mindestens einer
Funktion der folgenden Liste besteht:

- Schrittzählung unter Verwendung eines
Schrittzählalgorithmus, wobei der mindestens
eine Sensor eine Beschleunigungsmesserkom-
ponente (44) aufweist,
- Schlafüberwachung unter Verwendung eines
Schlafüberwachungsalgorithmus, wobei der
mindestens eine Sensor die Beschleunigungs-

messerkomponente (44) aufweist,
- Temperaturmessung unter geeigneter Ver-
wendung von einem Sensor (45) aus der Grup-
pe mit mindestens einem Sensor,
- Feuchtigkeitsmessung unter geeigneter Ver-
wendung von einem Sensor (45) aus der Grup-
pe mit mindestens einem Sensor,
- Herzfrequenzmessung unter geeigneter Ver-
wendung von einem Sensor (45) aus der Grup-
pe mit mindestens einem Sensor und eines
Herzfrequenzüberwachungsalgorithmus, und
- UV-Messung unter geeigneter Verwendung
von einem Sensor (45) aus der Gruppe mit min-
destens einem Sensor.

Revendications

1. Mouvement de montre mécanique hybride compre-
nant
un mouvement de montre mécanique comprenant
une plaque (28) et un pont (21) conçus pour main-
tenir entre eux des pièces mécaniques (62, 64, 65)
du mouvement de montre mécanique,
une pluralité de composants électroniques compre-
nant au moins un composant de la liste comprenant
une carte de circuit imprimé (25), un micromoteur
pas à pas (22) et une batterie rechargeable (26),
la pluralité de composants électroniques faisant par-
tie du mouvement de montre mécanique et étant
maintenue dans le mouvement de montre mécani-
que entre la plaque (28) et le pont (21),
le mouvement de montre mécanique hybride étant
caractérisé en ce que
la pluralité de composants électroniques comprend
un microphone (30a, 61),
le microphone (30a, 61) étant placé dans une cavité
dédiée (30b, 63) du mouvement mécanique à proxi-
mité desdites pièces mécaniques (62, 64, 65) géné-
rant un son du mouvement mécanique et le micro-
phone étant conçu pour enregistrer ce son.

2. Mouvement de montre mécanique hybride selon la
revendication 1, comprenant en outre un boîtier de
blindage conçu pour confiner la pluralité d’éléments
électroniques, le boîtier de blindage comprenant un
matériau magnétiquement conducteur qui est apte
à enfermer des champs magnétiques à l’intérieur du
blindage et pour empêcher le champ magnétique de
perturber le bon fonctionnement du mouvement de
montre mécanique.

3. Mouvement de montre mécanique hybride selon la
revendication 1, le mouvement de montre mécani-
que étant conçu pour afficher des fonctions de temps
mécaniques, au moyen d’une fonction quelconque
de la liste suivante comprenant une aiguille des heu-
res (13), une aiguille des minutes (12), une aiguille
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de date (14), un affichage de phases de lune (15).

4. Mouvement mécanique hybride selon la revendica-
tion 1, comprenant la carte de circuit imprimé (25),
la carte de circuit imprimé (25) comprenant un pro-
cesseur intégré (42) configuré pour exécuter un al-
gorithme analysant le son du mouvement mécani-
que et pour calculer une performance et une préci-
sion d’une fonction de temps du mouvement de mon-
tre mécanique.

5. Mouvement de montre mécanique hybride selon la
revendication 1, comprenant le micromoteur pas à
pas et la carte de circuit imprimé, et comprenant en
outre un affichage d’informations supplémentaires,
les informations supplémentaires étant représen-
tées sur l’affichage à l’aide d’une aiguille supplémen-
taire actionnée par le micromoteur pas à pas (11 ;
22) commandé par un processeur (42) compris dans
la carte de circuit imprimé (25).

6. Mouvement de montre mécanique hybride selon la
revendication 1, comprenant en outre une interface
de communication sans fil qui est configurée pour
permettre une communication sans fil avec des dis-
positifs externes distincts qui peuvent être au moins
un dispositif de la liste comprenant un smartphone,
une tablette, un dispositif basé sur un processeur.

7. Mouvement de montre mécanique hybride selon la
revendication 1, comprenant la carte de circuit im-
primé (25),
la carte de circuit imprimé (25) étant conçue pour
exécuter une pluralité de fonctions électroniques ; et
le mouvement de montre mécanique hybride com-
prenant en outre au moins un capteur (43, 44, 45)
relié fonctionnellement à un processeur (42) de la
carte de circuit imprimé (25), le processeur (42) étant
configuré pour permettre la mise en œuvre d’une
pluralité de fonctions électroniques comprenant au
moins une fonction de la liste suivante :

- le comptage de pas à l’aide d’un algorithme de
comptage de pas, l’au moins un capteur com-
prenant un composant accéléromètre (44),
- la surveillance du sommeil à l’aide d’un algo-
rithme de surveillance du sommeil, l’au moins
un capteur comprenant le composant accéléro-
mètre (44),
- la mesure de la température à l’aide d’au moins
un capteur (45) approprié,
- la mesure de l’humidité à l’aide d’au moins un
capteur (45) approprié,
- la mesure du rythme cardiaque à l’aide d’au
moins un capteur (45) approprié et d’un algo-
rithme de surveillance de la fréquence cardia-
que, et
- la mesure d’UV à l’aide d’au moins un capteur

(45) approprié.
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