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A heart rate monitor comprising an optical heart rate (OHR)
sensor and a strap for mounting the sensor to a limb of a user
is described. The OHR sensor comprises a sensing umt
including at least one light emitter arranged to emit light into
the skin of a user and a photodetector arranged to sense light
reflected through the skin of the user. The sensing unit is
arranged substantially centrally in the strap and the strap
comprises compressible edge portions that run along opposite
sides of the sensing unit such that, when the strap is mounted
to a limb of a user, the edge portions are compressed against
the skin to prevent or reduce the ingress of ambient light to the
sensing unit.
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Figure 1B
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Figure 3
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Figure 4A

Figure 4B
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HEART RATE MONITOR AND STRAP

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] The application claims priority to United Kingdom
Patent Application No. 1405673.3, filed Mar. 28, 2014; the
entire contents of which is incorporated herein by reference.

FIELD OF THE INVENTION

[0002] This invention relates to heart rate monitors, and
more specifically optical heart rate (OHR) sensors. Further-
more the invention relates to a wearable heart rate monitor
comprising an OHR sensor and to the mounting of such a
sensor, which in preferred embodiments takes the form of'a
strap. The OHR sensor may be provided as a module that can
be removably mounted to the strap. The invention further
relates to a strap for mounting a device such as a heart rate
monitor to a limb of a user. lllustrative embodiments of the
invention relate to devices for monitoring athletic perfor-
mance, e.g. that can be worn during an exercise activity
(running, cycling, swimming, hiking, skiing, weightlifting,
etc.), which can track, display and record the heart rate of the
user at particular moments during a workout.

BACKGROUND OF THE INVENTION

[0003] Conventional heart rate monitors typically take the
form of a sensor mounted to a chest strap. The capacitive
sensor detects the heart’s electrical activity through the skin.
This requires the chest strap to mount the sensor close to the
heart and to hold it firmly against the skin. A user wears the
chest strap and a corresponding device, such as a wrist watch,
which is wirelessly linked to the heart rate sensor to receive
and display heart rate information. Alternatively the sensor
mounted to the chest strap might be linked to a non-wearable
display device such as a mobile phone or a treadmill control-
ler.

[0004] Alternatively, some heart rate monitors can be worn
on the wrist rather than using a chest strap. These pulse
monitors require a user to touch a finger against a pad to
provide a pulse rate. However this type of monitor requires
the user to stop exercising to take the pulse reading and tends
to be less accurate than the chest strap monitors.

[0005] More recently, strapless heart rate monitors have
taken the form of wrist-worn devices that use optical sensing
of the volume of blood under the skin. WO 2013/042070 Al
discloses an optical heart rate monitor that includes a housing
in the form of a watch for wearing on the wrist orarm of a user.
The monitor comprises an LED arranged to emit light into the
skin of a user, where it is partially absorbed by the underlying
blood vessels, and a photodetector arranged to sense light
reflected back through the skin. The monitor processes the
sensor signals and determines a pulse and/or heart rate for
display.

[0006] Optical heart rate monitors must be mounted in
stable contact with the skin during the use to avoid motion
artefacts and ensure reliable measurements. Furthermore,
ambient light artefacts can reduce measurement quality, for
example when a user moves between locations of different
ambient lighting, e.g. between shadow and direct sunlight. In
WO 2013/042070 A1 an optical high-pass filter is used when
detecting the reflected light signals so as to filter out ambient
infrared light.
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[0007] Ttis desired, in at least embodiments of the present
invention, to provide an improved heart rate monitor and strap
for mounting a heart rate monitor or similar device.

SUMMARY OF THE INVENTION

[0008] A first aspect of the present invention provides a
heart rate monitor comprising an optical heart rate (OHR)
sensor and a strap for mounting the sensor to a limb of a user,
the OHR sensor comprising a sensing unit including at least
one light emitter arranged to emit light into the skin of a user
and a photodetector arranged to sense light reflected through
the skin of the user, the sensing unit being arranged substan-
tially centrally in the strap and the strap comprising com-
pressible edge portions that run along opposite sides of the
sensing unit such that, when the strap is mounted to a limb of
a user, the edge portions are compressed against the skin to
prevent or reduce the ingress of ambient light to the sensing
unit.

[0009] According to the present invention, the compress-
ible edge portions of the strap act to mechanically prevent
ambient light from reaching the sensing unit where it might
interfere with the measurement quality of the OHR sensor.
The compressibility of the edge portions means that that they
can react to the strap flexing during wear and retain a seal
against the skin. As a result, the photodetector may not need
to include an optical filter to remove light artefacts. Further-
more, it is believed that the compressible edge portions may
also have the dual effect of preventing or reducing motion
artefacts by helping to hold the sensing unit in a fixed position
against the skin even when a user is moving during exercise.
The present invention is therefore able to overcome the prob-
lems outlined above.

[0010] It will be appreciated that the compressible edge
portions run along an edge of the strap, which is elongate by
nature, and hence the edge portions will be understood to run
along a longitudinal direction of the strap. Other edges of the
strap, e.g. at its distal ends, are typically used to fasten the
strap around a limb, e.g. being connected to a buckle or other
fastener. The strap may be dimensioned to fit around a limb in
the form of an arm, especially a wrist, and/or a limb in the
form of a leg, for example an arkle. Miniature forms of the
heart rate monitor may even comprise a strap sized for smaller
limbs such as fingers or toes.

[0011] Preferably the sensing unit protrudes from a lower
surface of the OHR sensor, which can ensure that the sensing
unit contacts the skin of a wearer even if other parts of the
sensor do not. This is particularly suitable when the strap is
used to hold the sensing unit against the surface of a curved
limb such as an arm or leg. The compressible edge portions of
the strap may have a depth that is slightly greater than that of
the sensing unit protruding from the lower surface, such that,
when the strap is mounted to a limb of a user, the edge
portions are compressed against the skin to a depth approxi-
mately equal to that that of the sensing unit. However, it has
been found that one of the most important factors foraccurate
readings from the OHR sensor is for the sensing unit to be
pressed against the skin in a uniform manner. If the edge
portions are deeper than the sensing unit and the strap is not
tightened to compress the edge portions far enough then they
may detrimentally act to lift the sensing unit away from the
surface of the skin. Accordingly it is preferable that each
compressible edge portion has, in its uncompressed state, a
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depth equal to that of the sensing unit protruding from the
lower surface or less than that of the sensing unit protruding
from the lower surface.

[0012] The compressible edge portions of the strap do not
need to contact the OHR sensor in order to prevent light from
reaching the sensing unit. For example, the compressible
edge portions might be spaced away from the OHR sensor so
that the sensor does not interfere with the edge portions form-
ing a seal against the wearer’s skin. However in at least some
embodiments it may be convenient that each compressible
edge portion forms a flange extending over an edge of the
OHR sensor. The compressible edge portions may thereby
assist in holding the OHR sensor in position in the strap. This
can be help to ensure that the OHR sensor is held in a station-
ary position in the strap and can not flex or move around even
if the monitor is worn during strenuous exercise.

[0013] Inatleast some embodiments, the OHR sensor may
be permanently mounted by the strap. For example, the OHR
sensor may be integrated with the strap. However, in various
embodiments of the present invention, the OHR sensor may
be removably mounted by the strap. For example, the strap
may comprise a central mount to which the OHR sensor is
removably connected. This can allow the OHR sensor to be
repeatedly engaged and disengaged from the strap, for
example so that a user can dock the sensor to allow for the
transfer of power and/or data, e.g. using a docking station
connected to a computer. In addition, or alternatively, the
same strap may be used interchangeably to mount different
sensors or other units, such as a watch module including
location determining means, e.g. a global navigation satellite
system (GNSS) receiver, such as GPS and/or GLONASS.

[0014] As is mentioned above, the compressible edge por-
tions of the strap can provide a superior fit to a user’s limb
regardless of whether the strap is used to mount an OHR
sensor or another device. Accordingly the strap is considered
to be novel and inventive in its own right.

[0015] A second aspect of the present invention provides a
strap for mounting a device to a limb of a user, the strap
comprising a central mount to hold the device against the skin
of auser and compressible edge portions that run along oppo-
site sides of the central mount such that, when the strap is
mounted to a limb ofa user, the edge portions are compressed
against the skin to assist in holding the device in a fixed
position.

[0016] Some strap-mounted devices are sensitive to motion
artefacts resulting from a loose fit against a wearer’s skin or
other surface, e.g. the handlebar of a bicycle. Alternatively, or
in addition, some strap-mounted devices may cause chafing
or discomfort to a wearer if allowed to move against the skin
during wear. This aspect of the invention may therefore pro-
vide a strap for mounting a range of different devices.

[0017] There will now be described some preferred fea-
tures of a strap in embodiments according to either aspect of
the present invention.

[0018] As is described above, the strap comprises com-
pressible edge portions that run along opposite sides of the
central mount or centrally mounted sensing unit. The central
mount provided by the strap may comprise a physical con-
nector for the OHR sensor or other device, for example a
mechanical and/or magnetic connection system. In a pre-
ferred set of embodiments the central mount comprises an
aperture in the strap, e.g. into which a device can be inserted.
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The device may comprise one or more projections and/or
recesses for releasably engaging with corresponding features
of the aperture.

[0019] Thecompressible edge portions may be the same, or
adifferent, material to therest of the strap. For example, a first
material may be chosen for the compressible edge portions
for its sealing properties while one or more second materials
may be used to make the strap, e.g. taking into consideration
flexibility, durability, water resistance, etc. Thus in some
embodiments the compressible edge portions are made of a
first material and the remainder of the strap is made from one
or more second materials. In some other embodiments the
compressible edge portions and the remainder of the strap
may be made from the same first material. For example, the
compressible edge portions may be integrally formed with
the strap. This may provide for ease of manufacture, e.g.
moulding, and remove the risk of the edge portions delami-
nating from the strap during wear.

[0020] The first material used at least for the compressible
edge portions may be any suitable compressible material, for
example a composite, foam, rubber or plastics material. Pref-
erably the first material undergoes elastic compression, i.e.
such that it substantially returns to its original form when no
longer compressed. To prolong the lifetime of the strap, the
first material may preferably be able to undergo many cycles
of compression without loss of performance. In some
embodiments the first material comprises a thermoplastic
and/or elastomer. A suitable thermoplastic may be polyure-
thane. The elastomer may be thermoplastic or thermoset (i.e.
requiring vulcanization), for example natural or artificial rub-
ber, e.g. silicone rubber. The first material may comprise a
combination of thermoplastic and elastomer materials. In a
preferred set of embodiments the first material is a thermo-
plastic silicone vulcanizate. Such a material combines a ther-
moplastic, e.g. thermoplastic polyurethane (TPU), with sili-
cone rubber, for example a dispersion of silicone internal
phase produced by dynamic vulcanization or crosslinking of
silicone polymers within a thermoplastic phase, resulting ina
stable droplet-type morphology. Such a material can combine
the silky feel and superior chemical and heat resistance prop-
erties of silicone rubber with the benefits of excellent abrasion
resistance of a thermoplastic such as polyurethane. Advanta-
geously this material may be fully processable and recyclable
as a thermoplastic. A suitable thermoplastic silicone vulcani-
zate material is sold as TPSiV® by Multibase Inc., of the Dow
Coming Corporation. Such a material may be characterised,
in terms of its compressibility, as having a compression set at
23° C., measured according to ISO 815, in the range of
20%-40%. In addition, or alternatively, such a material may
be characterised, in terms of its compressibility, as having a
compression set at 70° C., measured according to ISO 815, in
the range of 70%-90%. Thus in at least some embodiments
the first material may be material chosen to have a compres-
sion setat 23° C., measured according to ISO 815, in therange
of 20%-40%, and preferably in the range of 25%-35%.

[0021] This is considered novel and inventive in its own
right, thus according to a third aspect of the present invention
there 1s provided a strap for mounting a device to a limb of a
user, the strap comprising a central mount to hold the device
against the skin of'a user and compressible edge portions that
run along opposite sides of the central mount, the compress-
ible edge portions made of a material having a compression
set at 23° C., measured according to ISO 815, in the range of
20%-40%. Preferably the material has a compression set at



US 2015/0272458 Al

23° C., measured according to ISO 815, in the range of
25%-35%. The material of the compressible edge portions
may comprise a thermoplastic and/or elastomer, as described
above, for example a thermoplastic silicone vulcanizate.

[0022] In relation to the second and third aspects of the
present invention, any of the embodiments described above
may provide a strap for mounting a device comprising one or
more of: a watch, a GPS watch, a speed sensor, a cadence
sensor, an accelerometer, a gyroscope, an altimeter, a pres-
sure sensor (e.g. diving depth gauge), an electronic compass,
a sensor display unit (for example linked wirelessly to one or
more body-worn sensors), a wireless communication hub (for
example capable of transmitting signals from one or more
body-worn sensors), and a heart rate monitor. Preferably the
device comprises an optical heart rate (OHR) sensor and, in
use, the edge portions are compressed against the skin to
prevent or reduce the ingress of ambient light to the OHR
sensor. Thus in preferred embodiments the strap is useable to
mount an OHR sensor. Asis described above, the OHR sensor
may comprise a sensing unit including at least one light
emitter arranged to emit light into the skin of a user and a
photodetector arranged to sense light reflected through the
skin of a user.

[0023] The OHR sensor or other device is preferably con-
figured as a module housed by a single integral casing, and
which is preferably a sealed module being water resistant to
allow the device to be used for wet weather outdoor exercise
and for swimming. In this configuration, the device can be
removably mounted, i.e. repeatedly engaged and disengaged,
to a plurality of different docking solutions, including the
strap. When the device is not mounted by the strap, it can also
be placed in a dock that is desired to be kept in the user’s
home, e.g. for allowing the transfer of power and/or data to
the electrical components.

[0024] There will now be described some preferred fea-
tures of an OHR sensor applicable to these embodiments, and
to embodiments according to the first aspect of the present
invention,

[0025] The OHR sensor may comprise a processor and a
battery. The processor may be arranged to analyse light sig-
nals received, e.g. at the photodetector, for the purposes of
display and/or transmission. The OHR sensor may comprise
a memory connected to the processor. This means that HR
data can be stored by the device and downloaded later. The
OHR sensor may comprise an input/output (I/O) device for
transferring data to and from the device and for providing
power to recharge the battery. In some examples the OHR
sensor may simply act as a sensor hub, collecting and/or
transmitting heart rate data for display by another device. This
may allow the OHR sensor to be minimised in size.

[0026] In some examples the processor is preferably con-
nected to a user interface comprising a display screen, such as
an LCD display. The display screen may visually display
heart rate (HR) data such as one or more of: current HR
(bpm), average HR (bpm), maximum HR, minimum HR;
current HR zone; a graphical representation of HR changes
over time; and a graphical representation of the proportion of
time spent in each of a plurality of HR zones over time. In
addition, or alternatively, the OHR sensor may comprise an
audio output, e.g. a beeper, and/or a haptic output, e.g. a
vibrator, to alert a user to changes in the HR data. In various
examples the OHR sensor may comprise a user interface
including an input device, e.g. in the form of one or more push
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buttons. Such an input device can enable a user to change
relevant functions, such as applicable HR zones.

[0027] In a preferred set of embodiments the OHR sensor
may comprise a display housing that houses a display for
displaying information to a user, and an input means for
controlling the device, wherein the input means is spaced
apart from the display housing. Accordingly the input means
is preferably spaced apart from the display housing in a lon-
gitudinal direction of the strap. Preferably the sensing unit is
arranged beneath the display housing, so that when the device
is mounted in use the sensing unit presses down against the
wearer’s skin while the display is positioned on top, i.e.
facing away from the limb, for ease of viewing. The display
may be configured to display alphanumeric characters or
icons such that upper parts of the characters or icons are
arranged towards a first side of the display housing and the
lower parts of the characters or icons are arranged towards a
second, opposite side of the display housing. The input means
is preferably spaced apart from the display housing in a direc-
tion from said first side to said second side. This configuration
is useful when the user wears the display housing on the back
ofthe wrist, as the user is easily able to view the display whilst
controlling the device via the input means that is spaced apart
from the display. Less preferably, the input means may be
spaced apart from the display housing ina direction from said
second side to said first side of the display housing. This
configuration may be useful, for example, when the device is
strapped to the handle bars of a bicycle or strapped to another
vehicle, as the display can be directed towards the user whilst
the user has easy access to the input means from above the
device.

[0028] The input means of the user interface is configured
to control the device in use. For example, the input means may
control the functioning of the OHR sensor and may be used to
navigate through a menu displayed on the device. The input
means is therefore electrically connected to electronic com-
ponents in the display housing. For example, a ribbon lead
may extend between the display housing and the input means.
[0029] The input means preferably has a substantially pla-
nar surface arranged substantially parallel to and above an
upper surface of the device. The input means is preferably
configured to detect the movement of a user’s finger across
the substantially planar surface so as to provide an input to
control the device, e.g. for navigating a menu displayed on the
display of the device. The input means may therefore com-
prise a touchpad (or trackpad) utilising, for example, capaci-
tive sensing to conductance sensing to translate the motion of
auser’s finger into an input to control the device. The touch-
pad may comprise a one-dimensional touchpad, and which is
capable of sensing motion along a single axis, e.g. left-right or
up-down. In other more preferred embodiments, the touchpad
may comprise a two-dimensional touchpad, and which is
capable of sensing motion in any direction, or at least left-
right and up-down, on the plane defined by the substantially
planar surface of the input means.

[0030] In other, albeit less preferred embodiments, the
input means may comprise a pointing stick (or trackpad) that
senses the force applied by a user’s finger, e.g. by using a pair
of resistive strain gauges, and translates it into an input to
control the device.

[0031] Alternatively, the input means may comprise a two-
way button having a continuous pressing surface and two
actuators, the button being configured such that when a first
portion of the pressing surface is depressed a first of said
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actuators is actuated so as to provide a first input to control the
device, and when a second portion of the pressing surface is
depressed a second of said actuators is actuated so as to
provide a second input to control the device.

[0032] Alternatively, the input means may comprise a four-
way button having a continuous pressing surface and four
actuators, the button being configured such that when a first
portion of the pressing surface is depressed a first of said
actuators is actuated so as to provide a first input to control the
device, when a second portion of the pressing surface is
depressed a second of said actuators is actuated so as to
provide a second input to control the device, when a third
portion of the pressing surface is depressed a third of said
actuators is actuated so as to provide a third input to control
the device, and when a fourth portion of the pressing surface
is depressed a fourth of said actuators is actuated so as to
provide a fourth input to control the device. The pressing
surface described herein is preferably a substantially planar
surface parallel to and above a portion of a lower surface that
contacts a users limb in use. It is also contemplated that the
input means may comprise any one or more mechanically
actuated buttons or non-mechanically actuated buttons, such
as virtual buttons on a touch-sensitive user interface, as
desired.

[0033] The input means is preferably additionally, or alter-
natively, configured to be operated by being pressed in a
direction that is substantially perpendicular to its substan-
tially planar surface, in a direction from the upper surface
towards the lower surface. This enables the user to use a single
finger to operate the input means. The user does not need to
use a second finger of the same hand to counter-balance the
pressing of the input means, because the input means is
arranged such that it is pressed against the wrist of the user
wearing the strap.

[0034] Inpreferred embodiments in which the input means
is configured to both detect the movement of a user’s finger
across the substantially planar surface and be pressed against
the limb of the user, e.g. where in the input means comprises
a depressible touch pad, the detected motion of the user’s
finger is used to navigate a menu for identifying a function to
be selected, and the depression of the input means is used to
select the identified function.

[0035] As discussed above, the input means preferably has
a substantially planar surface arranged substantially parallel
to and above a portion of the upper surface, and which insome
embodiments comprises a pressing surface for controlling the
device when pressed. In embodiments, the input means
defines a chamber, e.g. beneath the planar (or pressing) sut-
face, which (as discussed in more detail below) can be used to
house one or more components of the device, rather than in
the display housing.

[0036] In addition, or alternatively, the display housing
preferably has a substantially planar display, such as an LCD
display, arranged in a first plane and the input means prefer-
ably has a substantially planar (pressing) surface arranged in
a second plane, wherein the first and second planes are at
angles to each other. The dihedral (or torsion) angle between
the two planes is preferably less the 90 degrees, and prefer-
ably between 20 and 70 degrees. In other words, the planes
are imaginary intersecting planes and the sides of the planes
facing the user’s arm or wrist in use define an angle between
them at the intersection, wherein the angle is preferably
greater than 90 degrees and less than 180 degree. By provid-
ing the surfaces at an angle to each other, the user is enabled
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agood viewing angle of the display whilst operating the input
means, when the device is mounted to a user’s arm in use. As
the input means is spaced away from the display housing, and
hence away from the back of the user’s wrist and around the
side of the wrist in use, said angle also enables the input
means to be orientated such that when it is pressed it is
pressed against the users wrist such that the user’s wrist
provides the counter-force necessary to balance the pressing
force. The input means is therefore able to be operated with a
single finger and without needing a second finger on the same
hand to counter-balance the pressing force as in conventional
devices having buttons around the periphery of the display
housing.

[0037] In addition, or alternatively, the display housing is
preferably physically connected to the input means by a con-
necting portion, wherein the connecting portion is curved or
angled along the direction from the display housing to the
input means. The connecting portion may be curved or angled
such that when the display housing is arranged on the back of
a users wrist in use, the connecting portion curves or other-
wise extends around the wrist such that the input means is
located on the side of the user’s wrist. The OHR sensor is
preferably configured such that the input means is located on
the medial side of the user’s wrist when the display housing is
located on the back of the wrist, the medial side being the side
facing the user’s body when the back of the hand is facing
vertically upwards. In other less preferred embodiments the
strap may form said connecting portion that connects the
display housing portion and the input means. The strap may
be flexible or formed from one or more pivotable sections so
as to flex or pivot to form the curved or angled portion.

[0038] The display housing and the input means are pref-
erably arranged in a single integral casing having a display
housing portion and an input means portion separated by the
connecting portion. The connecting portion is therefore pref-
erably also part of the integral casing. In various embodi-
ments the strap may comprise at least two apertures, and the
display and input means may each project through a respec-
tive aperture in the strap.

[0039] The OHR sensor may provide the functions of a
heart rate monitor alone, or in at least some embodiments the
OHR sensor may be provided as part of a device providing
additional functions, for example a sports or fitness watch.
Thus in a set of embodiments the OHR sensor is integrated
into a watch device. In such embodiments the OHR sensor
may comprise a processor connected to means for tracking
the location of a user as he or she moves from one location to
another, e.g. by using information received from global navi-
gation satellite signals, or by accessing and receiving infor-
mation from WiFi access points or cellular communication
networks. In preferred embodiments the watch device com-
prises a global navigation satellite system (GNSS) receiver,
such as a GPS and/or GLONASS receiver, for receiving sat-
ellite signals indicating the position, and optionally speed, of
the receiver (and thus user) at a particular point in time, and
which receives updated information at regular intervals. As
will be appreciated, this adds the functionality of tracking the
location of the user as he or she moves from one location to
another. The GN'SS receiver may comprise an antenna, e.g. in
the form of a patch antenna, for use in determining the loca-
tion and movements of the user of the monitor. Where the
input means defines a chamber, as mentioned above, his
chamber may house the antenna so that it is separated from
the display housing and therefore not located on the back of a
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user’s wrist in use. Rather, the spacing of the chamber away
from the display housing enables the antenna to be located on
the side of the user’s wrist in use. As such, when the device is
being used for activities such as fast walking, jogging or
running, the location sensor will naturally be directed, sub-
stantially vertically, upwards so as to be at the optimum angle
to receive data from the satellites. Also, if the device is
strapped to the handle bars of a bicycle then the display could
be arranged to face the user, whilst the chamber, and thus
antenna, are directed vertically upwards. The housing of the
antenna in the chamber also provides the benefit of allowing
the display housing of the device to have a thinner profile than
is typically possible with conventional devices having loca-
tion functionality, such as fitness watches, as the patch
antenna no longer needs to be stacked on top of the battery.

[0040] Whether or not the OHR sensor is integrated with a
fitness watch, it is contemplated that the device may comprise
any one or more of the following components: a pressure
sensor for measuring atmospheric pressure (for use in deter-
mining altitude and/or depth); a pulse sensor; a vibration
device for indicating alerts to a user; an accelerometer; an
electronic compass; a processor; or a wireless communica-
tions device, such as a Bluetooth module (e.g. capable of
using the Bluetooth Low Energy (BLE) protocol).

[0041] Inembodiments where the OHR sensor comprises a
wireless communications device, this may be arranged to
receive data from other sensors, such as a foot pod sensor or
aspeed/cadence sensor. The wireless communications device
may even be arranged to communicate with an external heart
rate mouitor, for example a monitor mounted on a chest strap
worn by the user. The input means may allow a user to switch
between the internal OHR sensor and an external heart rate
monitor. In addition, or alternatively, the wireless communi-
cations device may be arranged to transmit data to one or
more external devices (e.g. a mobile phone device), espe-
cially if the OHR sensor does not include its own display.

[0042] The OHR sensor may comprise one or more electri-
cal connectors for electrically connecting to a dock or cable
for charging the battery and/or for transferring data to or from
the processor. It is contemplated that any known electrical
connector may be employed. In preferred embodiments,
however, the one or more electrical connectors comprise elec-
trical contacts, which may be flat and arranged substantially
in line with, or recessed in, the lower surface of the case (for
contacting with corresponding pogo pins in a docking sys-
tem). The electrical contacts may be located in any portion of
the lower surface of the case as desired, although in preferred
embodiments the electrical contacts are located in the lower
surface under the input means of the user interface, e.g. at the
end of the lower surface that is distal from the display hous-
ing. This allows the user to see the display when the device is
positioned in a docking system.

[0043] The present invention also provides a system com-
prising a heart rate monitor as described above and a docking
system for charging or exchanging data with the OHR sensor,
wherein the docking system comprises docking electrical
connectors for connecting with the electrical connectors on
the OHR sensor in order to supply electrical charge and/or
data to the electrical connectors of the watch and/or to receive
data from the watch.

[0044] The dock preferably has a slot for receiving at least
a portion of the device therein, and wherein the electrical
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connectors of the device and the docking connectors are
arranged and configured to engage with each other within the
slot.

[0045] The electrical connectors on the watch are prefer-
ably electrical contacts, which may be flat and may be
arranged substantially in line with a surface of the OHR
sensor so as not to catch against a wearer’s skin in use. The
electrical connectors in the dock may be resiliently biased
connectors, such as pogo connectors, that are biased into
engagement with the connectors on the monitor when the
device is docked. However, it is contemplated that any of the
well known means of electrical connectors may be employed
on the monitor or in the dock.

[0046] The present invention in accordance with any of its
further aspects or embodiments may include any of the fea-
tures described in reference to other aspects or embodiments
of the invention to the extent it is not mutually inconsistent
therewith.

[0047] Advantages of these embodiments are set out here-
after, and further details and features of each of these embodi-
ments are defined in the accompanying dependent claims and
elsewhere in the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] Various aspects of the teachings of the present
invention, and arrangements embodying those teachings, will
hereafter be described by way of illustrative example with
reference to the accompanying drawings, in which:

[0049] FIGS. 1A to 10 show different views of a strap
according to a preferred embodiment;

[0050] FIG. 2 shows a perspective view of an optical heart
rate (OHR) sensor module according to a preferred embodi-
ment;

[0051] FIG. 3 shows a perspective view of the sensor mod-
ule mounted to the strap;

[0052] FIGS. 4A and 4B provide alternative views of the
strap-mounted device, showing the OHR sensing unit on an
underside of the sensor module; and

[0053] FIG. 5 provides a system overview for a sensor
module in a fitness monitoring ecosystem.

[0054] Like reference numerals are used for the like fea-
tures throughout the drawings.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0055] Thereis seen in FIGS. 1A to 10 a strap 2 for mount-
ing a device to a limb of a user, in particular for mounting a
device to the wrist. The strap 2 is generally flexible and
comprises a buckle 4 at one end to enable it to be fastened
around a wrist. It can be seen that, in this example, the strap 2
includes a central mounting aperture 6 in its upper plane and
a further aperture 8 in a second plane that is angled away from
the upper plane. These two apertures 6, 8 are arranged to
receive the upwardly protruding parts of a curved device
when it is connected to the strap. Of course the strap 2 may
have any suitable shape, including any number of apertures,
to match a particular device and enable connection to, and
disconnection from, the strap 2. The strap 2 includes a pair of
compressible edge portions 10a, 105 running along opposite
sides of the central mounting aperture 6 and protruding down-
wardly from the upper surface of the strap 2. In this example
the compressible edge portions 10a, 105 are seen to be made
of the same material as the rest of the strap 2, but the remain-
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der of the strap could of course be made of one or more
different materials. At least the compressible edge portions
10a, 105 are made of a thermoplastic silicone vulcanizate or
other material having similar compression and/or sealing
properties. This means that, when the strap is worn on a user’s
wrist, the edge portions 104, 105 can be compressed to form
aseal against the user’s skin and hold the strap 2 in place with
any device mounted to the strap 2 being held firmly in a
stationary position.

[0056] FIG. 2 provides an example of a fitness monitoring
device 12 that can be removably connected to the strap 2 seen
in FIGS. 1A to 10. In some embodiments the device 12 could
take the form of a fitness watch module, in particular a GNSS,
e.g. GPS, watch module. In other embodiments the device 12
takes the form of an optical heart rate (OHR) sensor module,
which may or may not include GNSS watch capabilities.

[0057] FIGS. 3, 4A and 4B show the OHR sensor module
12 connected to the strap 2.

[0058] It can be seen from FIGS. 2 to 4B that the sensor
module 12 includes a user interface comprising a display
housing 504 for a display, e.g. LCD 516, and a user input
device, e.g. four-way button 506, which are spaced apart from
each other by a connecting portion 518. This connecting
portion 518 can be seen to curve away from the display
housing 504 so as to curve around the side of a user’s wrist
then mounted to the strap 2. A user can therefore press the
input device 506 from the side without interfering with view
of the display 516. The sensor module 12 can be connected to
the strap 2 by inserting the display housing 504 and user input
device 506 through the respective apertures 6, 8. In the
assembled heart rate monitor 20, the display 516 and the input
device 506 are spaced apart in a longitudinal direction of the
strap 2, with the display 516 facing upwardly and the input
device 506 facing sideways. Cooperating projections and
recesses on the sensor module 12 and the strap 2, e.g. the
projections 519 seen in FIG. 2, allow the module 12 to releas-
ably engage and be maintained in position within the strap 2.
FIG. 3 shows an example of a graphical display relating to
heart rate during use of the sensor module 12.

[0059] The location of the input device 506 being arranged
on the curved portion 518 such that it sits against the side of
the users wrist in use has a number of important advantages.
For example, this enables the user to interact with the sensor
module 12 using only a single finger. More specifically, the
user is able to push the pressing surface of the input device
506 with one finger because the user pushes the surface into
the user’s wrist. This is in contrast to conventional heart rate
monitors or fitness watches wherein buttons are arranged
around the peripheral edges of the device and the user must
press the button with one finger and use a thumb on the other
edge of the device to counter-balance the pressing force. In
some examples, the input device 506 may define a chamber
that houses one or more other components, such as a GPS
patch antenna. By arranging a GPS antenna at the inner side
of the wrist, the GPS antenna is in the optimum position for
receiving GPS signals when worn by a user, as the inner side
of the wrist will be directed substantially upwards during
running or other exercise. As seen in FIG. 4B, for example,
the plane defined by the substantially planar display 516 of
the display housing 504 is arranged at an angle to the plane
defined by the input device 506, the dihedral angle between
the two planes being less than 90 degrees, and typically
between 20 and 70 degrees.
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[0060] FIG. 4A shows a perspective view of the sensor
module 12 from the underside. A distal end of the sensor
module 12, at the same end as the input device 506, has an
array of electrical connectors 520 exposed on its lower sur-
face. These electrical connectors 520 may be used in order to
electrically connect the sensor module 12 to a docking station
in order to recharge a battery within the module 12 and/or to
extract data from or input data to the module 12. As the
electrical connectors 520 are arranged at a distal end of the
sensor module 12, they are optimally arranged to be inserted
into the slot of a docking device that has docking electrical
connections for engaging the electrical connections 520.
Alternatively, the electrical connectors 520 can be arranged to
connect with a cable, e.g. a USB cable. It will be appreciated
that removing the sensor module 12 from the strap 2 enables
the sensor module 12 to be docked or connected to a cable
more easily. The electrical connectors 520 may be used as an
input/output port, as is described below with reference to FIG.

[0061] Itcan also be seenin FIG. 4A that the lower surface
of the sensor module 12 has a sensing unit 22 protruding
therefrom. The sensing unit 22 comprises a pair of light
emitting diodes 24a, 245 (e.g. green LEDs), either side of a
photodetector 26. When the sensor module 12 is mounted to
awrist by thestrap 2, the sensing unit 22 sits on the back of the
wrist in contact with the skin. It is also seen that the com-
pressible edge portions 10a, 105 extend around the sides of
the sensor module 12 to assist in holding it in place, and
protrude in the same direction as the sensing unit 22. How-
ever, the compressible edge portions 10a, 105 do not protrude
beyond the sensing unit 22, and preferably not even as far as
the sensing unit 22, so that they do not interfere with the
sensing unit 22 being pressed closely against the wearer’s
skin. The compressibility ofthe edge portions 10a, 10 means
that they readily spread sideways when the module 12 is held
against a user’s wrist, forming a seal along opposite sides of
the sensing unit 22 so as to prevent or reduce the ingress of
ambient light to the photodetector 26.

[0062] FIG. 5 provides an illustrative representation of
some of the main electronic components in the sensor module
12, in block component form. It should be noted that the block
diagram of FIG. 5 is not exhaustive or inclusive of all com-
ponents of the device, but merely representative of some
example components in a typical sensor module 12. It can be
seen that the optical heart rate (OHR) sensing unit 22, com-
prising the LEDs 24a, 245 and photodetector 26, is opera-
tively connected to a processor 28 that can process data sig-
nals relating to pulse and heart rate. The processor 28 is
connected to a memory 30 and a power supply, e.g. battery 32.
The battery 32 may be recharged when the module 12 is
docked using its I/O port, for example in the form of the
electrical connections 520 described above. The same elec-
trical connections 520 may also be used to transfer data
to/from the processor. In addition to the I/O port, the sensor
module 12 includes a wireless communications interface,
such as a Bluetooth transceiver 34. The module’s user inter-
face includes the display 516 and input device 506 already
described above. Of course other user interface components
may be provided instead, or as well as, those seen in the
figures.

[0063] The Bluetooth transceiver 34 optionally enables the
sensor module 12 to wirelessly communicate with one or
more other devices. For example, other devices that are body-
worn or mounted nearby during exercise (e.g. mounted to a
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bike during cycling activities) may pair with the sensor mod-
ule 12 to transmit additional data. The examples illustrated in
FIG. 5 are a speed/cadence sensor and/or an external heart
rate monitor (HRM), for example a monitor mounted to a
chest strap. The sensor module’s user interface may allow a
user to view such additional data on the wrist-mounted
device.
[0064] The Bluetooth transceiver 34 enables the sensor
module 12 to wirelessly communicate with a mobile device
36, for example a user’s smart phone. The ecosystem may
include an app downloaded onto the mobile device 36 to
provide a dedicated interface for the sensor module 12. This
may enable a user to track and save his or her workouts and
share them via social media. The mobile device 36 may act as
awireless access point, enabling data to be transmitted wire-
lessly (via WiFi or a cellular connection) to the cloud 38 and
for updates to be downloaded to the mobile device 36 and/or
to the sensor module 12. In addition to such wireless commu-
nication, the I/O port enables the sensor module 12 to be
physically connected to a docking station 40, for example
connected to a desktop computer, so that data can be trans-
ferred periodically. The sensor module 12 may be removed
from the strap 2 for ease of docking.
[0065] Itwill be appreciated that whilst various aspects and
embodiments of the present invention have heretofore been
described, the scope of the present invention is not limited to
the particular arrangements set out herein and instead extends
to encompass all arrangements, and modifications and alter-
ations thereto, which fall within the scope of the appended
claims.
[0066] For example, whilst a preferred embodiment
described in the foregoing detailed description relates to an
OHR sensor module mounted to a strap, it will be understood
that the module could consist of an OHR sensor alone, or the
module could comprise a GNSS, e.g. GPS, watch or other
location tracking device. Furthermore, although the OHR
sensor module has been described as having a display and/or
input means, these are optional components. A suitable OHR
sensor module may include a battery and a processor con-
nected to one or more of: an optional display, an optional
input device, a memory, a wireless transceiver, and an input/
output device such as electrical contacts.
[0067] Lastly, it should be noted that whilst the accompa-
nying claims set out particular combinations of features
described herein, the scope of the present invention is not
limited to the particular combinations hereafter claimed, but
instead extends to encompass any combination of features or
embodiments herein disclosed irrespective of whether or not
that particular combination has been specially enumerated in
the accompanying claims at this time.
1. A heart rate monitor, comprising:
an optical heart rate (OHR) sensor; and
a strap for mounting the sensor to a limb of a user,
wherein the OHR sensor comprises a sensing unit includ-
ing at least one light emitter arranged to emit light into
the skin of a user and a photodetector arranged to sense
light reflected through the skin of the user, the sensing
unit protruding from a lower surface of the OHR sensor,
and the sensing unit being arranged substantially cen-
trally in the strap, and
wherein the strap comprises compressible edge portions
that run along opposite sides of the sensing unit such
that, when the strap is mounted to a limb of a user, the
edge portions are compressed against the skin to prevent
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or reduce the ingress of ambient light to the sensing unit,
wherein each compressible edge portion forms a flange
extending over an edge of the OHR sensor.

2. The heart rate monitor of claim 1, wherein each com-
pressible edge portion has, in its uncompressed state, a depth
equal to or less than that of the sensing unit protruding from
the lower surface.

3. The heart rate monitor of claim 1, wherein: (i) the com-
pressible edge portions are made of a first material and the
remainder of the strap is made from one or more second
materials; or (ii) the compressible edge portions and the
remainder of the strap are made from the same first material.

4. The heart rate monitor of claim 3, wherein the first
material comprises at least one of: a thermoplastic and; an
elastomer.

5. The heart rate monitor of claim 4, wherein the first
material is a thermoplastic silicone vulcanizate.

6. The heart rate monitor of claim 4, wherein the first
material has a compression set at 23° C., measured according
to ISO 815, in the range of 20%-40%.

7. The heart rate monitor of claim 1, wherein the sensing
unit comprises a pair of light emitting diodes, the photode-
tector being arranged in between the pair of light emitting
diodes.

8. The heart rate monitor of claim 1, wherein the OHR
sensor is removably mounted by the strap.

9. The heart rate monitor of claim 8, wherein the strap
comprises a central mount to which the OHR sensor is remov-
ably connected.

10. The heart rate monitor of claim 1, wherein the OHR
sensor comprises a display housing that houses a display for
displaying information to a user, and an input device for
navigating through a menu displayed on the display to control
the functioning of the OHR sensor, wherein the input device
is spaced apart from the display housing.

11. The heart rate monitor of claim 10, wherein the input
device is spaced apart from the display housing in a longitu-
dinal direction of the strap.

12. The heart rate monitor of claim 10, wherein the display
housing has a substantially planar display arranged in a first
plane and the input device has a substantially planar pressing
surface arranged in a second plane, wherein the first and
second planes are at angles to each other.

13. The heart rate monitor of claim 12, wherein the angle
between the first and second planes is between 20 and 70
degrees.

14. The heart rate monitor of claim 10, wherein the display
housing is physically connected to the input device by a
connecting portion, wherein the connecting portion is curved
or angled along the direction from the display housing to the
input device.

15. The heart rate monitor of ¢laim 14, wherein the con-
necting portion is curved or angled such that when the display
housing is arranged on the back of a users wrist in use, the
connecting portion curves or otherwise extends around the
wrist such that the input device is located on the side of the
user’s wrist.

16. The heart rate monitor of claim 10, wherein the OHR
sensor has a lower surface for contacting the user’s wrist in
use and an upper, opposite surface for facing away from the
user’s wrist in use, and wherein the input device has a sub-
stantially planar surface arranged substantially parallel to and
above a portion of the lower surface, the input device being
configured to be operated by being pressed in a direction that
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is substantially perpendicular to its substantially planar sur-
face, in a direction from the upper surface towards the lower
surface.

17. The heart rate monitor of claim 10, wherein the display
housing and the input device are arranged in a single integral
casing.

18. The heart rate monitor of claim 10, wherein the strap
comptises at least two apertures, and the display housing and
input device each project through a respective aperture in the
strap.

19. A strap for mounting a device to a limb of a user, the
strap comprising a central mount to hold the device against
the skin of a user, in use, and compressible edge portions that
run along opposite sides of the central mount such that, when
the strap is mounted to a limb of a user, the edge portions are
compressed against the skin to assist in holding the device in
a fixed position.

20. A strap for mounting a device to a limb of a user, the
strap comprising a central mount to hold the device against
the skin of a user, in use, and compressible edge portions that
run along opposite sides of the central mount, the compress-
ible edge portions made of a material having a compression
set at 23° C., measured according to ISO 815, in the range of
20%-40%.
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