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(54) A HEART RATE SENSING MODULE
(57) A heart rate sensing module configured to be
fixed on a wearable device intended to be worn by a user,
the module comprising:

- at least one contactless sensor adapted to sense at
least one parameter indicative of the distance between
at least a reference point of the skin of the user and a
reference point of the module when the module is fixed

to the wearable device when worn by the user in such a
manner that the contactless sensor is distant from the
skin of the user,

- at least one communication entity adapted to commu-
nicate data indicative of the at least one parameter
sensed by the at least one sensor to a heart rate deter-
mining component.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to a heart rate sensing
module configured to be fixed to a wearable device in-
tended to be worn by a user. The invention further relates
to a heart rate determining component for determining
the heart rate of a wearer of a heart rate sensing module
according to the invention and to a wearable device com-
prising a heart rate sensing module according to the in-
vention.

BACKGROUND OF THE INVENTION

[0002] Sensing heart rate of a user of a wearable de-
vice may provide useful information concerning the user,
in particular concerning the health condition of the user.
Most of the existing heart rate sensing devices requires
acontact with the skin of the user. When usingawearable
device on an everyday bases it may be complex ensuring
permanent contact between the heart rate sensing de-
vice and the skin of the user.

[0003] Thus thereisaneed forheartrate sensing mod-
ule that would not require contact with the user’s skin.
[0004] One object of the present invention is to provide
a monitoring component allowing monitoring the heart
rate of a user of a wearable device.

SUMMARY OF THE INVENTION

[0005] To this end, the invention proposes a heart rate
sensing module configured to be fixed on a wearable
device intended to be worn by a user, the module com-
prising:

- atleast one contactless sensor adapted to sense at
least one parameter indicative of the distance be-
tween at least a reference point of the skin of the
user and a reference point of the module when the
module is fixed to the wearable device when worn
by the user in such a manner that the contactless
sensor is distant from the skin of the user,

-  at least one communication entity adapted to com-
municate data indicative of the at least one param-
eter sensed by the at least one sensor to a heart rate
determining component.

[0006] The sensing module according to the invention
allows monitoring the heart rate of the user without con-
tact between the sensor and the skin of the user.
[0007] Advantageously, such sensing module may be
placed, for example on a spectacle frame, in a greater
diversity of positions than the sensing devices requiring
contact with the skin.

[0008] Accordingto furtherembodiments which can be
considered alone or in combination:
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- the heart rate sensing module is configured to be
fixed on a spectacle frame; and/or

- the heart rate sensing module is configured so that
when fixed on the wearable device and said weara-
ble device worn by the user the distance between
the contactless sensor and the skin of the user is
greater than or equal to 0.1 mm and smaller than or
equal to 5 mm; and/or

- the heart rate sensing module is configured so that
when fixed on the wearable device and said weara-
ble device worn by the user, the contactless sensor
faces an artery or vein of the user; and/or

- the contactless sensoris a capacitive sensor; and/or

- theatleast one parameterrelates to the capacitance
measured by the capacitive sensor; and/or

- the contactless sensor is a magnetic sensor; and/or

- the atleast one parameter relates to the of magnetic
field measured by the magnetic sensor.

[0009] The invention also relates to a heart rate deter-
mining component for determining the heart rate of a
wearer of a wearable sensing device according to the
invention, the heart rate determining component com-
prising:

- acommunication unit configured to receive data in-
dicative of the at least one parameter sensed by the
at least one sensor of a heart rate sensing module
according to the invention, and

- a heart rate unit comprising at least

- amemory configured to store computer executable
instructions; and

- aprocessor for executing the computer executable
instructions,

wherein the computer executable instructions comprises
instructions for determining heart rate data indicative of
the heart rate of the user based on the received data.
[0010] According tofurther embodiments which can be
considered alone or in combination:

- the computer executable instructions further com-
prises instructions for determining heart rate data
based on the variation over time of the distance be-
tween the at least a reference point of the skin of the
user and a reference point of the module when the
module is fixed to the wearable device worn by the
user; and/or

- further comprising an information generating unit
configured to generate information based on the
heart rate data; and/or

- theinformation comprises recommendation data in-
cluding a change of activity recommendation and/or
an alert indicative of the user’s heart state and/or an
access to a service offer; and/or

- the communication unit is configured to send heart
rate related data to a distant entity, for example a
wearable computer device and/or a personal com-
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puter device, associated to the user of the heart rate
determining component.

[0011] According to a further aspect, the invention re-
lates to a wearable device comprising a heart rate sens-
ing module according to the invention.

[0012] The wearable device according to the invention
may further comprise a heart rate determining compo-
nent according to the invention.

[0013] The wearable device may be a head mounted
device comprising a frame to be mounted on the head
of the wearer and the heart rate sensing module is fixed
to the frame.

[0014] Unless specifically stated otherwise, as appar-
ent from the following discussions, it is appreciated that
throughout the specification discussions utilizing terms
such as "computing", "calculating”, or the like, refer to
the action and/or processes of a computer or computing
system, or similar electronic computing device, that ma-
nipulate and/or transform data represented as physical,
such as electronic, quantities within the computing sys-
tem’s registers and/or memories into other data similarly
represented as physical quantities within the computing
system’s memories, registers or other such information
storage, transmission or display devices.

[0015] Embodiments of the present invention may in-
clude apparatuses for performing the operations herein.
This apparatus may be specially constructed for the de-
sired purposes, or it may comprise a general purpose
computer or Digital Signal Processor ("DSP") or FPGA
selectively activated or reconfigured by a computer pro-
gram or computer executable instructions stored in the
computer. Such a computer program or computer exe-
cutable instructions may be stored in a computer reada-
ble storage medium, such as, but is not limited to, any
type of disk including floppy disks, optical disks, CD-
ROMs, magnetic-optical disks, read-only memories
(ROMs), random access memories (RAMs), ferro mag-
netic RAM, electrically programmable read-only memo-
ries (EPROMSs), electrically erasable and programmable
read only memories (EEPROMs), magnetic or optical
cards, or any other type of media suitable for storing elec-
tronic instructions, and capable of being coupled to a
computer system bus.

[0016] The processes and displays presented herein
are not inherently related to any particular computer or
other apparatus. Various general purpose systems may
be used with programs in accordance with the teachings
herein, or it may prove convenient to construct a more
specialized apparatus to perform the desired method.
[0017] The desired structure for a variety of these sys-
tems will appear from the description below. In addition,
embodiments of the present invention are not described
with reference to any particular programming language.
It will be appreciated that a variety of programming lan-
guages may be used to implement the teachings of the
inventions as described herein.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Embodiments of the invention will now be de-
scribed, by way of example only, and with reference to
the following drawings in which:

- Figure 1is a schematicrepresentation of a heart rate
sensing module according to the invention,

- Figure 2 is a schematicrepresentation of a heart rate
determining component according to the invention,

- Figure 3 is a schematic representation of an head
mounted device according to an embodiment of the
invention;

- Figure 4 represents a networked data-processing
device according to the invention; and

- Figure 5 is a schematic representation of a head
mounted device according to a further embodiment
of the invention.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0019] Elements in the figures are illustrated for sim-
plicity and clarity and have not necessarily been drawn
to scale. For example, the dimensions of some of the
elements in the figure may be exaggerated relative to
other elements to help improve the understanding of the
embodiments of the present invention.

[0020] Asrepresentedonfigure 1,theinventionrelates
to a heart rate sensing module 2. The heart rate sensing
module is configured to be fixed on a wearable device,
the wearable device being intended to be worn by a user.
[0021] The wearable device may be a head mounted
device such as a spectacle frame, as represented on
figure 2, or a pair of shoes or a watch.

[0022] The heart rate sensing module 2 comprises at
least a contactless sensor 4 and a communication entity
6.

[0023] The contactless sensor 4 is adapted to sense
atleast one parameter indicative of the distance between
at least a reference point of the skin of the user and a
reference point of the module, in particular of the con-
tactless sensor, when the module is fixed to the wearable
device when worn by the user in such a manner that the
contactless sensor is distant from the skin of the user.
[0024] Preferably, when the heart rate sensing module
is fixed on the wearable device and said wearable device
is worn by the user the distance between the contactless
sensor, in particular the at least one reference point of
the contactless sensor and the skin of the user, in par-
ticular the reference point of the of the skin of the use, is
greater than or equal to 0.1 mm, for example greater than
or equal to 1 mm and smaller than or equal to 1 cm, for
example smaller than or equal to 7 mm.

[0025] So as to provide more accurate heart rate sens-
ing, the heart rate sensing module may be configured to
thatwhen fixed onthe wearable device and said wearable
device worn by the user, the contactless sensor faces an



5 EP 3 138 478 A1 6

artery or vein of the user.

[0026] The contactless sensor may be a capacitive
sensor. The capacitance measured by the capacitive
sensor may be used as an indication of the distance be-
tween the sensor and the skin of the user.

[0027] Typically, the electrode of the capacitive sensor
can be printed on a circuit board fixed onto a wearable
device or can be mounted directly into the wearable de-
vice or printed with conductive ink directly on the wear-
able device. The electrode may be flexible and the sensor
may be embedded into clothes, for example using con-
ductive wires like sliver nanowires embedded into stand-
ard clothes.

[0028] When the electrode of the capacitive sensor is
approached by a distant object, like a finger or human
skin, the capacitance of the circuit changes. The formula
to determine capacitance is as follow :

C=(e0*er)*S/e,with

€0 is the air dielectric constant,

¢r is the relative dielectric constant of the material
between skin and electrode,

e is the distance between the electrode and the dis-
tant object,

S is the surface of the electrodes

[0029] Blood when flowing in the vein and arteria in-
duces a vein and arteria diameter variation and induces
asmall skin variation. Such skin variation can be detected
by a capacitance measurement between the sensor and
the skin of the user facing the sensor ata distance greater
than or equal to 1 mm and smaller than or equal to 1cm.
[0030] Standard electronic chips are available to
measure the capacitance variation induced by the dis-
tance variation between the sensor and the skin due to
blood flow.

[0031] The contactless sensor may also be a magnetic
sensor measuring the variation of magneticfield between
two magnetic elements, one on the wearable device and
one on the skin of the user, for example a magnetiis stuck
on the user’s skin. In this case the magnetic sensoris on
the wearable device and measure the magnetic field var-
iation due to skin movement when blood flow.

[0032] The communication entity 6 of the heart rate
sensing module 2 is adapted to communicate data indic-
ative of the at least one parameter sensed by the at least
one sensor to a heart rate determining component.
[0033] Thedataindicative ofthe atleastone parameter
sensed by the at least one sensor may be filtered to im-
prove the accuracy, for example using a specific software
and by selecting only the bandwidth of the heartbeat.
This could be done using Fourrier transform or other fre-
quency filtering methods.

[0034] As illustrated on figure 1, the heart rate sensing
module may comprise a memory 8 to store the data prior
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to sending them to a heart rate determining component.
[0035] The heartrate sensing module may further com-
prise a power source, such as a battery, or may be elec-
trically connected to a power source of a heart rate de-
termining component or a power source comprised in the
wearable device.

[0036] The invention further relates to a heart rate de-
termining component for determining the heart rate of a
wearer of a wearable sensing device according to the
invention.

[0037] As illustrated on figure 2, the heart rate deter-
mining component 10 according to the invention com-
prises a communication unit 12 and a heart rate unit 14.
[0038] The communication unit 12 is configured to re-
ceive dataindicative of the atleast one parameter sensed
by the at least one sensor of a heart rate sensing module
according to the invention.

[0039] The communication unit 12 communicates with
the communication entity 6 of a heartrate sensing module
of the invention. Such communication may be wireless
or both communication units may be linked electrically.
Wireless communication can be done through different
communication and protocols, like Bluetooth, Zigbee,
WiFi or others.

[0040] The heartrate unitcomprises at leasta memory
141 and a processor 142. The memory 141 stores com-
puter executable instructions. In addition to the computer
executable instructions, the memory may store data such
as atleast part of the data received by the communication
unit 12 or part of the data determined by the processor
when executing the computer executable instructions
stored in the memory.

[0041] The processor 142 is configured to execute the
computer executable instructions stored in the memory
141. The stored computer executable instructions com-
prise instructions for determining heart rate data indica-
tive of the heart rate of the user based on the received
data.

[0042] According to an embodiment, the computer ex-
ecutable instructions further comprises instructions for
determining heart rate data based on the variation over
time of the distance between the at least a reference
point of the skin of the user and a reference point of the
module when the module is fixed to the wearable device
worn by the user.

[0043] As illustrated on figure 2, the heart rate deter-
mining component 10 may further comprise an informa-
tion generating unit 16 configured to generate information
based on the heart rate data.

[0044] The information may comprise the information
comprises recommendation data including a change of
activity recommendation and/or an alert indicative of the
user’s heart state and/or an access to a service offer.
[0045] The communication unit 12 may be further con-
figured to send heart rate related data to a distant entity,
for example a wearable computer device and/or a per-
sonal computer device, associated to the user ofthe heart
rate determining component. The heart rate related data
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may be information generated by the information gener-
ating unit 16 or data indicative of the heart rate of the
user to be processed by the distant entity.

[0046] The heartrate determining component may fur-
ther comprise a power source, such as a battery, or may
be electrically connected to a power source of a heart
rate sensing module or a power source comprised in the
wearable device.

[0047] The invention further relates to a wearable de-
vice comprising a heart rate module according to the in-
vention. The wearable device may further comprise a
heart rate determining component arranged to receive
data from the heart rate module.

[0048] Figure 3 illustrates an example of a wearable
device, for example a head-mounted device 20, compris-
ing a heart rate sensing module 2. The wearable device
may further comprise different type of sensors 30, 32.
The head mounted device 20 comprises a spectacle
frame 12 and the sensors and communication unit are
mounted on the spectacle frame 12.

[0049] Although the inventionis notlimited to such type
of wearable device, head-mounted device, appear to be
particularly advantageous, in particular head mounted
devices comprising a spectacle frame.

[0050] Indeed, such type of head mounted device is
more likely to positioned over a long period of time facing
a skin of the wearer, in particular facing the posterior
auricular artery or vein.

[0051] The sensors 30 and 32 may be configured to
sense at least one feature indicative of the relative posi-
tion of the head mounted device and at least one refer-
ence point of the head of the user of the head mounted
device.

[0052] Advantageously, having anindication of the rel-
ative position of the head mounted device and the head
of the user can be used to increase the accuracy of the
measurements of the heartrate using the heart rate sens-
ing module of the invention. Indeed, the heart rate sens-
ing module senses data indicative of the distance be-
tween the sensor and the skin of the user. Thus, having
an indication of the relative position of the sensor and
the skin over time may be correlated to the data provided
by the heart rate sensing module to increase the accu-
racy.

[0053] Atleast one of the additional sensors may be a
time of flight sensor configured to sense the distance
between the head mounted device and the user of the
head mounted device, for example the user's head. Such
sensor may be placed on the frame in such position that
when the head mounted device is worn by the user the
sensor points to the face of the wearer. The sensor typ-
ically uses time of flight (TOF) technology and is arranged
to provide data indicative of the distance to the head de-
pending of the position of the head mounted device.
[0054] According to an embodiment of the invention,
at least one of the additional sensor is a proximity sensor
based on infrared reflectance on the user skin so as to
sense the proximity between the head mounted device
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and the user of the head mounted device, for example
the user’s head.

[0055] Such infrared reflectance sensor may advanta-
geously be placed on the nose bridge of the frame of the
head mounted device and oriented toward the nose so
as to provide data indicative of the distance to the skin
of the user, for example of the sellion of the user. Advan-
tageously, when the head mounted device is worn by the
user, the nose bridge sensor is very close to the skin of
the user, and if the position of the head mounted device
changes this distance increases and can be easily de-
tected.

[0056] The time of flight and the infrared reflectance
sensors may require training to detect distance during
the different use of the head mounted device, and detec-
tion of the different positions occur after statistical anal-
ysis of the data provided by the sensors.

[0057] According to afurther embodiment of the inven-
tion, one of the additional sensors is an accelerometer
and/or gyroscope configured to sense the orientation of
the head mounted device.

[0058] Typically, in a first reference position, the head
mounted device is almost horizontal, and in other position
the head mounted device may be oriented upward or
downward, this inclination can be measured by 3 or 6
axis sensors commonly used in mobile phone. Typically,
a 3 axis accelerometer can provide data concerning the
horizontality of the head mounted device and a 3 axis
gyroscope can provide data concerning rotation of the
head mounted device. Also the movements of the head
mounted device from one position to another can be de-
tected, and differentiated from head movementto be sure
to detect a head mounted device relative movement. In
some case only accelerometer can be used, to save pow-
er.

[0059] The different type of sensors provide features
indicative that need to be processed so as to determine
information indicative of the relative position of the head
mounted device and the user of the head mounted de-
vice.

[0060] Although not represented, the head mounted
device may further comprise a power source, forexample
a battery and/or other electronics.

[0061] According to an embodiment of the invention,
illustrated on figure 4, the head mounted device commu-
nicates with a distant entity that comprises a heart rate
determining component. Communication can be done
through different communication devices and protocols,
like Bluetooth, Zigbee, WiFi or others.

[0062] For example, the communication unit is config-
ured to communicate with the distance entity either to
store the measured features in a memory MEM or to pro-
vide information relating to the heart rate of the user.
[0063] Typically, the distant entity comprises a heart
rate determining component according to the invention.
[0064] The distance entity can include different com-
puting objects such as personal digital assistants, au-
dio/video devices, mobile phones, MPEG-1 Audio Layer
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3 (MP3) players, personal computers, laptops, tablets,
bluetooth headset, watch, wristband, etc...

[0065] Each computing object and the head mounted
device can communicate with one or more other by way
of a communication network, either directly or indirectly.
Even though illustrated as a single element in figure 4,
network can include other computing objects and com-
puting devices that provide services to the system of fig-
ure 4, and/or can represent multiple interconnected net-
works, which are not shown.

[0066] In a network environment in which the commu-
nications network/bus can be the Internet, the computing
objects can be Web servers, file servers, media servers,
etc. with which the client computing objects or devices
communicate via any of a number of known protocols,
such as the hypertext transfer protocol (HTTP).

[0067] Inanalternative embodiment, the heart rate de-
termining component may be embodied in the wearable
device and electrically connected to the heart rate sens-
ing module.

[0068] According to an embodiment of the invention,
the data received by the heart rate determining compo-
nent from the heart rate sensing module may be stored
over time and the information is indicative of the evolution
over time of the heart rate of the user.

[0069] Furthermore the information generating unit
may be configured to generate information using statis-
tical analysis of the data received from the head mounted
device and stored over time.

[0070] Statistics involves the collection, organization,
analysis, interpretation, and/or presentation of meas-
ured/collected information. With advances in technology,
more extensive and complex computing allows massive
amounts of data to be collected, stored and/or processed.
Further, methods for evaluating the data are numerous.
[0071] Statistical analysis can be employed to process
and/or evaluate data sensed.

[0072] As represented on figure 4, the head mounted
device according to the invention may comprise a virtual
image display device 50, preferably allowing the wearer
to see both the virtual image and the real world through
it. The virtual image display device is able to display
graphical images, and an electronic driving system
(memory + processor) sends to the virtual display image
the image to display. For example the heart rate over
time may be displayed or an alert may be displayed if a
heart or health defect is detected.

[0073] The invention has been described above with
the aid of embodiments without limitation of the general
inventive concept.

[0074] Many further modifications and variations will
suggest themselves to those skilled in the art upon mak-
ing reference to the foregoing illustrative embodiments,
which are given by way of example only and which are
notintended to limit the scope of the invention, that being
determined solely by the appended claims.

[0075] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
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"a" or "an" does not exclude a plurality. The mere fact
that different features are recited in mutually different de-
pendent claims does not indicate that a combination of
these features cannot be advantageously used. Any ref-
erence signs in the claims should not be construed as
limiting the scope of the invention.

Claims

1. A heart rate sensing module configured to be fixed
on a wearable device intended to be worn by a user,
the module comprising:

- at least one contactless sensor adapted to
sense at least one parameter indicative of the
distance between at least a reference point of
the skin of the user and a reference point of the
module when the module is fixed to the wearable
device when worn by the user in such a manner
that the contactless sensor is distant from the
skin of the user,

- at least one communication entity adapted to
communicate data indicative of the at least one
parameter sensed by the at least one sensor to
a heart rate determining component.

2. The heart rate sensing module according to claim 1,
configured to be fixed on a spectacle frame.

3. The heart rate sensing module according to any of
claim 1 or 2, wherein the heart rate sensing module
is configured so that when fixed on the wearable de-
vice and said wearable device worn by the user the
distance between the contactless sensor and the
skin of the user is greater than or equal to 0.1 mm
and smaller than or equal to 5 mm.

4. The heart rate sensing module according to any of
the preceding claims, wherein the heart rate sensing
module is configured so that when fixed on the wear-
able device and said wearable device worn by the
user, the contactless sensor faces an artery or vein
of the user.

5. The heart rate sensing module according to any of
the preceding claims, wherein the contactless sen-
sor is a capacitive sensor.

6. The heart rate sensing module according to the pre-
ceding claim, wherein the at least one parameter re-
lates to the capacitance measured by the capacitive
sensor.

7. The heart rate sensing module according to any of
claims 1 to 4, wherein the contactless sensor is a
magnetic sensor.
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A heart rate determining component for determining
the heart rate of a wearer of a wearable sensing de-
vice according to any of the preceding claims, the
heart rate determining component comprising:

- a communication unit configured to receive da-
ta indicative of the at least one parameter
sensed by the at least one sensor of a heart rate
sensing module according to any of the preced-
ing claims, and

- a heart rate unit comprising at least

- a memory configured to store computer exe-
cutable instructions; and

- a processor for executing the computer exe-
cutable instructions,

wherein the computer executable instructions com-
prises instructions for determining heart rate data
indicative of the heart rate of the user based on the
received data.

The heart rate determining component according to
claim 8, wherein the computer executable instruc-
tions further comprises instructions for determining
heart rate data based on the variation over time of
the distance between the at least a reference point
of the skin of the user and a reference point of the
module when the module is fixed to the wearable
device worn by the user.

The heart rate determining component according to
claim 8 or 9, further comprising an information gen-
erating unit configured to generate information
based on the heart rate data.

The heart rate determining component according to
the preceding claim, wherein the information com-
prises recommendation data including a change of
activity recommendation and/or an alert indicative of
the user’s heart state and/or an access to a service
offer.

The heart rate determining component according to
any of claims 8 to 11, wherein the communication
unit is configured to send heart rate related data to
a distant entity, for example a wearable computer
device and/or a personal computer device, associ-
ated to the user of the heart rate determining com-
ponent.

A wearable device comprising a heart rate sensing
module according to any of claims 1 to 7.

The wearable device according to claim 13, further
comprising a heart rate determining component ac-

cording to claim 8 to 12.

The wearable device according to claim 13 or 14,
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wherein the wearable device is a head mounted de-
vice comprising a frame to be mounted on the head
of the wearer and the heart rate sensing module is
fixed to the frame.
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