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WRIST-WORN APPARATUS FOR OPTICAL
HEART RATE MEASUREMENT

FIELD OF THE INVENTION

[0001] The invention relates generally to optical heart
activity measurement. More particularly, the present inven-
tion relates to using a wrist-worn apparatus to measure heart
activity.

BACKGROUND OF THE INVENTION

[0002] Heart activity measurement has become more and
more popular way to measure user’s activity level during
everyday activities and training. Thus, a demand for solutions
making the measurement easier for the user has risen.

BRIEF DESCRIPTION OF THE INVENTION

[0003] According to an aspect, there is provided the subject
matter of the independent claim.

[0004] Some further embodiments are defined in the depen-
dent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Embodiments of the present invention are described
below, by way of example only, with reference to the accom-
panying drawings, in which

[0006] FIG. 1 illustrates an exemplary system for measur-
ing and displaying physical activity-related data in order to
monitor a physical activity performed by a user;

[0007] FIG.2A illustrates a connection mechanism accord-
ing to an embodiment of the invention;

[0008] FIG. 2B illustrates an embodiment of the invention;
[0009] FIG. 3 illustrates a connection between a fixing claw
and at least one groove according to an embodiment of the
invention;

[0010] FIG. 4 illustrates the relation between wrist strap
loop tightness and the signal quality;

[0011] FIG. 5 illustrates an embodiment of the invention;
[0012] FIG. 6 illustrates a block diagram of a wrist-worn
apparatus according to an embodiment of the invention;
[0013] FIG. 7 illustrates pulse detection according to an
embodiment of the invention; and

[0014] FIG. 8 illustrates an optical heart activity sensor
according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION
are exemplary.

[0015] The following embodiments

Although the specification may refer to “an”, “one”, or
“some” embodiment(s) in several locations of the text, this
does not necessarily mean that each reference is made to the
same embodiment(s), or that a particular feature only applies
to a single embodiment. Single features of different embodi-
ments may also be combined to provide other embodiments.
[0016] FIG. 1 illustrates a wrist-worn apparatus 100
according to an embodiment of the invention. The wrist-worn
apparatus 100 may be configured to measure user’s physical
activity. The wrist-worn apparatus may be a training com-
puter, for example, and thus can be used to measure user’s
training with sensors of different sort and provide feedback to
a user of the wrist-worn apparatus 100. Referring to FIG. 1,
the wrist-worn apparatus 100, used for measuring a user’s
heart activity, comprises an optical heart activity sensor 140
configured to measure the user’s heart activity by optical
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heart rate measurement, and a wrist strap 101 adapted to
physically couple the optical heart rate activity sensor 140
against the user’s skin by attaching the wrist-worn apparatus
100 around the user’s wrist, the wrist strap 101 comprising a
first curved connection member 110 and a second curved
connection member 120, wherein the first connection mem-
ber 110 is adapted to slide inside the second connection
member 120, and wherein the wrist strap 101 comprises at
least one groove 104 and a fixing claw 102 acting as a coun-
terpart for the atleast one groove 104, wherein the fixing claw
102 is arranged to engage the at least one groove 104 whenthe
first connection member 110 is slid inside the second connec-
tion member 120, thus fastening the first and the second
connection members 110, 120 together by preventing the
enlargement of a loop formed by the wrist strap 101 and
allowing the tightening of the loop.

[0017] When tightening the loop, formed by the wrist strap
101, the fixing claw 102 may disengage from the at least one
groove 104 so that the fixing claw 102 may engage the next
groove. Such automatic disengaging may be prevented to the
loosening direction by the structure ofthe fixing claw 102 and
the at least one groove 104, which is illustrated later on FIG.
3, for example. The described connection mechanism may
provide a fast and reliable connection mechanism for the user.
[0018] Thewrist-worn apparatus 100 may further comprise
a main frame 180 which may comprise the above described
optical heart activity sensor 140. FIG. 1 can be seen as an
illustration of the wrist-worn apparatus 100 from the back-
side, and thus the face shown in FIG. 1 may be set against the
user’s skin. Furthermore, the main frame may comprise a
display panel, which may, for example, be located on the front
side of the wrist-worn apparatus 100. The described fixing of
the wrist strap 101 as a loop around user’s wrist may help to
achieve an optimal tightness for the optical heart rate sensor
140 to work correctly.

[0019] Inanembodiment,the first curved connection mem-
ber 110 is made from thermoplastic material.

[0020] In an embodiment, the second curved connection
member 120 is made from thermoplastic material.

[0021] In an embodiment, the first and/or second connec-
tion members 110, 120 are arched.

[0022] In an embodiment, the first and/or second connec-
tion members 110, 120 are made from metal.

[0023] Inan embodiment, the wrist-worn apparatus 100 is
a wrist-worn training computer.

[0024] In an embodiment, the wrist-worn apparatus 100 is
a wrist-worn physical activity measurement apparatus.
[0025] In an embodiment, the wrist strap 101 is made at
least partly from rubber compound. The rubber compound
may provide a flexible and comfortable wrist strap 101. The
wrist strap 101 may comprise at least one thinning, wherein
the at least one thinning may enhance the flexible properties
of the wrist strap 101.

[0026] In an embodiment, the at least one thinning is
formed on the side of the wrist strap 101 which is adapted to
be placed against the user’s skin.

[0027] Inanembodiment, the first connection member 110
or the second connection member 120 may comprise the heart
activity sensor 140.

[0028] Inanembodiment, the first connection member 110
or the second connection member 120 comprise at least one
groove 104, the wrist strap 101 further comprising a fixing
claw 102 acting as a counterpart for the at least one groove
104.
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[0029] In an embodiment, at least one of the first connec-
tion member 110 and the second connection member 120
comprises the at least one groove 104.

[0030] Inan embodiment, the wrist strap 101 and the flex-
ible claw 102 are of one integral entity. This may mean that
the flexible claw 102 is formed, for example, at one end of the
wrist strap 101, wherein the said end may be the first or the
second connection member 110, 120.

[0031] Inanembodiment, the fixing claw 102 comprises a
flexible element providing the fixing claw 102 flexibility. The
flexible element may be an elongated arm, for example. The
elasticity may come from the material used to produce the
flexible element and/or from the length of the element.

[0032] Inan embodiment, the fixing claw 102 is a flexible
fixing claw.
[0033] Inanembodiment, the fixing claw 102 is made from

thermoplastic material.

[0034] Inanembodiment, the fixing claw 102 is made from
metal.
[0035] Still referring to FIG. 1, as mentioned above the

wrist strap 101 may comprise the first connection member
110 and the second connection member 120. The wrist strap
101 may be of one integral part, wherein the first connection
member 110 and the second connection member 120 may be
the first and the second ends of the wrist strap 101 respect-
fully. The wrist strap 101 may comprise a connection member
for the main frame 180, wherein the connection member may
be used to physically connect the main frame to the wrist strap
101. The connection member may comprise a embedding in
which the main frame 180 may be fitted in. Other connection
methods may be equally possible, such as gluing.

[0036] In an embodiment, the main frame 180 is fixed
detachably to the wrist strap 101 in order to allow washing
and/or cleaning of the wrist strap 101.

[0037] Letusnow look closer to the connection mechanism
of the wrist strap 101 of FIG. 1. As mentioned above, the wrist
strap 101 may form a loop when the first and the second
connection members 110, 120 are connected together. FIG.
2A illustrates the connection mechanism according to an
embodiment of the invention. The first connection member
110 may be slid inside the second connection member 120,
wherein the fixing claw 102 may fix the connection between
the first and second connection member 110,120 by engaging
the at least one groove 104 and preventing the first connection
member 110 from sliding to the opposite direction of sliding
in to the second connection member 120. The wrist strap 101
may comprise a release mechanism 206 to enable the enlarge-
ment of the loop formed by the wrist strap 101 by disengaging
the fixing claw 102 from the at least one groove 104. The
release mechanism 206 may be physically connected to the
fixing claw 102. The release mechanism 206 may work with
mechanical force, for example. The release mechanism 206
may be pulled or pressed to disengage or release the fixing
claw 102 from the at least one groove 104, thus enabling the
loop to be loosened and/or the first connection member 110 to
be extracted from the second connection member 120.
[0038] Still referring to FIG. 24, the first connection mem-
ber 110 may comprise a first connector 210 to be used to
mechanically connect the first connection member 110 to the
wrist strap 101. The first connector 210 may, for example,
comprise at least one protrusion with a hole. The at least one
protrusion may be fitted to a counterpart in the wrist strap and
fixed with a pivot penetrating the hole and at least one part of
the wrist strap. The wrist strap 101 may comprise a hole for
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the said pivot, wherein the hole in the wrist strap 101 is in line
with the hole in the at least one protrusion allowing the said
pivot to fix the at least one protrusion to the wrist strap 101.
The second connection member 120 may comprise a second
connector 220 similar to the first connector 210, thus allowing
similar connection to the wrist strap as described above.
[0039] Inanembodiment,the release mechanism 206 com-
prises a surface, and wherein the surface is arranged to be
reaching over at least one edge area of the wrist strap 101.
This may help the user to easily use the release mechanism
206.

[0040] Inanembodiment, the fixing claw 102 is arranged to
disengage by applying mechanical force to the surface com-
prised in the release mechanism 206.

[0041] In an embodiment, the fixing claw 102 and the
release mechanism 206 are mechanically coupled together
with at least one fixing point.

[0042] In an embodiment, the fixing claw 102 and the
release mechanism 206 are of one integral entity.

[0043] Inanembodiment,the release mechanism 206 com-
prises a decoration. The decoration may be a carving or a
figure made with bas-relief technique, for example.

[0044] In an embodiment, the release mechanism 206 is
made from metal.

[0045] FIG. 2B illustrates an embodiment of the invention.
Referring to FIG. 2B, the first connection member 110 may
comprise one or more protrusions 291. The one or more
protrusions 291 may comprise the at least one groove 104.
The at least one groove 104 may be comprised only in some
of the protrusions 291. Similarly, the fixing claw 102 may
comprise one or more engaging members which may engage
the at least one groove 104. In an embodiment, the wrist strap
101 comprises anumber of fixing claws, similar to fixing claw
102 of FIG. 2A, or the fixing claw 102 comprises a number of
engaging members, wherein the said numbers are equal to the
number of protrusions 291. This may allow the grooves in
each of the protrusions 291 to be engaged when the wrist strap
101 is connected.

[0046] FIG. 3 illustrates the connection between the fixing
claw 102 and the at least one groove 104 according to an
embodiment of the invention. The at least one groove 104
may comprise a fastening wall 302, a tightening wall 304 and
a cavity between the said walls 302, 304. Angle o between a
line perpendicular to the curved connection member, such as
first or second connection members 110, 120 of FIG. 1, and
the fastening wall 302 may be smaller than angle [} between
the said perpendicular line and the tightening wall 304. The
tightening wall 304 may allow the first connection member
110 to slide inside the second connection member 120, thus
tightening the loop formed by the wrist strap 101 by allowing
the fixing claw 102 to disengage automatically when the loop
is tightened, and wherein the fastening wall 302 may prevent
the fixing claw 102 from disengaging from the at least one
groove 104 to the direction opposite to the tightening. The
smaller angle o compared to the angle § may mean that the
fastening wall 302 is steeper compared to the tightening wall
304. This feature of the at least one groove 104 may provide
more mechanical force to the fixing claw 102 when the loop
is tried to loosen. Similarly, the same feature may allow the
loop to be tightened as the gentler wall may allow the fixing
claw 102 to move from one groove to another.

[0047] The optical heart rate sensor, such as the optical
heart rate sensor 140 of FIG. 1, may require firm connection
with the user’s skin to operate correctly. FIG. 4 illustrates the
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relation between the wrist strap 101 loop tightness and the
signal quality. Referring to FIG. 4, the signal quality of the
optical heart rate measurement may enhance as the loop is
tightened. This may happen as the optical heart rate sensor’s
physical connection may get more stable and firmer. The
signal quality may have an optimal value corresponding to
certain loop tightness. It needs to be noted that the optimal
heart rate measurement may work although the signal quality
would not be optimal. As the loop tightness may continue to
increase, the signal quality may start to decrease after the
optimal value of the signal quality. The signal quality may be
between acceptable limits even though the signal quality
would not be optimal.

[0048] FIG. 5 illustrates an embodiment of the invention.
The wrist strap of FIG. 1 may further comprise a position
indicator which may indicate the tightness of the loop formed
by the wrist strap. In FIG. 5 the position indicator is achieved
by making a display hole 502 in the second connection mem-
ber 120, near to the point where the fixing claw 102 may
engage the at least one groove 104. An indicator 504, such as
color code, number, characters or other visual markers, may
correspond to each individual groove, thus indicating the
tightness of the loop. The first connection member 110 and/or
the second connection member 120 may comprise the indi-
cators 504. The indicators 504 may be visible at least partially
through the hole in the second connection member.

[0049] Inan embodiment, the position indicator comprises
visual indicators 504, wherein at least one of the visual indi-
cators 504 is at least partially visible, when the first connec-
tion member 110 is slid inside the second connection member
120. The display hole 502 may not be needed, as the visual
indicators 504 may be visible from the side of the wrist strap
101, for example. It may also be possible to make the wrist
strap 101 from translucent or transparent materials. This may
allow the visual indicator indicating the tightness of the loop
to be seen through the second connection member 120, if the
visual indicators 504 are comprised in the first connection
member 110, for example.

[0050] Inanembodiment, the first connection member 110
comprises at least part of the position indicator.

[0051] In an embodiment, the second connection member
120 comprises at least part of the position indicator.

[0052] In an embodiment, the position indication is
achieved by making visual indicators to the at least one
groove 104 or in vicinity of the at least one groove 104. Thus,
the position may be indicated by the visual indicator that is
closest to the second connection member 120, but not inside
the second connection member 120. It may be possible that
the fixing claw 102 is engaging a different groove than the one
which is indicated by the said visual indicator.

[0053] Inanembodiment, the wrist strap 101 further com-
prises a limiter adapted to limit the loop, formed by the wrist
strap 101, from being tightened over a predetermined level.
The limiter may be a prolongation for the first connection
member 110, which may limit the first connection member
110 from being slid inside second connection member 120
over a predetermined point, as the prolongation may physi-
cally touch the base of the second connection member 120.
Similarly, the second connection member 120 may have an
additional removable piece which may be installed to the base
of the second connection member 120. It may also be possible
to install a counter piece around the first connection member
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110, which may stop the first connection member 110 from
being slid inside the second connection member 120 over a
predetermined level.

[0054] In an embodiment, the wrist strap 101 comprises a
locking member, wherein the locking member is adapted to
prevent the accidental disengaging of the fixing claw 102. For
example, when performing an exercise it may be possible to
accidentally produce enough mechanical energy to disengage
the fixing claw 102 from the at least one groove 104. The
locking member may be a catch or a strap, for example. The
catch may be attached to the wrist strap 101 with a hinge-like
member that may be able to lock the fixing claw 102 to its
engaging position. Similarly, the strap, when connected, may
prevent the fixing claw 102 to be disengaged. The locking
member may be unlocked to, by the user, to enable tightening
or loosening the loop. In an embodiment, the locking member
prevents the release mechanism 206 from disengaging the
fixing claw 102. When unlocked, the locking member may
allow the release mechanism 206 to disengage the fixing claw
102.

[0055] Inanembodiment,the release mechanism 206 com-
prises the locking member.

[0056] FIG. 6illustrates a block diagram of the wrist-worn
apparatus 100 according to an embodiment of the invention.
The wrist-worn apparatus 100 may comprise a processing
circuitry 610, wherein the processing circuitry 610 may be
configured to receive and process heart activity related data
from the optical heart activity sensor 140. The wrist-worn
apparatus 100 may further comprise a detector circuitry 620
for detecting the number of grooves engaged by the fixing
claw 102, and wherein the processing circuitry 610 is further
configured to receive detected data from the detector circuitry
620 and to calculate the number of grooves engaged by the
fixing claw 102 based on the said detected data.

[0057] Inanembodiment, the detector circuitry 620 is con-
figured to detect vibration produced by the fixing claw 102
engaging the at least one groove 104, and wherein the pro-
cessing circuitry 610 may further be configured to receive
detected vibration data from the detector circuitry 620 and to
calculate the number of grooves engaged by the fixing claw
102 based on the said detected vibration data.

[0058] Inanembodiment, the detector circuitry 620 is con-
figured to detect sound caused by the fixing claw 102 engag-
ing the at least one groove 104.

[0059] In an embodiment, the detector circuitry 620 com-
prises an acceleration sensor. The acceleration sensor may
produce acceleration data for the processing circuitry 610.
The processing circuitry 610 may deduce, based on the accel-
eration data, tightness of the loop formed by the wrist strap
101.

[0060] Still referring to FIG. 6, the wrist-worn apparatus
100 may further comprise a display 630, wherein the number
of grooves engaged by the fixing claw 102 may be configured
to be displayed on the display 630 with a visual indicator. The
visual indicator may, for example, be number, color or com-
bination of the two. Furthermore, the wrist-worn apparatus
may comprise an indicator member 640 configured to indi-
cate to the user when the number of grooves engaged by the
fixing claw 102 correspond to a predetermined number. The
predetermined number may mean a number of grooves
engaged by the flexible claw 102, which may be optimal for
the signal quality. The predetermined number may also be a
value range defining lower and upper limits for the loops
tightness. The optimal value or value range may be deter-
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mined from user history data, for example. Another example
is the use of tutorial mode explained later. The history data
may comprise the used tightness of the loop in the past.
[0061] Inan embodiment, the indicator member 640 com-
prises a vibration member configured to vibrate when the
number of grooves engaged by the fixing claw 102 corre-
sponds to a predetermined number. The vibration may help
the user to easily and rapidly know whether the wrist strap
101 is tightened correctly.

[0062] Inan embodiment, the indicator member 640 com-
prises a speaker or an actuator configured to produce sound
when the number of grooves engaged by the fixing claw 102
corresponds to a predetermined number.

[0063] Still referring to FIG. 6, the processing circuitry 610
may comprise a mode controller circuitry 612. The mode
controller circuitry 612 may control different modes of the
wrist-worn apparatus 100. The wrist-worn apparatus 100 may
comprise at least two different modes: sleep mode and opera-
tional mode, wherein entering the sleep mode may cause at
least some of the following: dimming of the display 630,
turning off the display 630 and deactivation of the optical
heart rate sensor 140, and wherein entering the operational
mode may cause at least some of the following: undimming of
the display 630, turning on the display 630 and activation of
the optical heart rate sensor 140. The sleep mode may help to
save battery 680 providing the wrist-worn apparatus 100
operational voltage.

[0064] The operation mode may be understood as the mode
which is used when the wrist-worn apparatus 100 is used by
the user. This may mean that the operational mode is always
on when the wrist-worn apparatus 100 is connected around
the user’s wrist. Before entering the operational mode, the
processing circuitry 610 may perform a test measurement
using the optical heart activity sensor 140. By this test mea-
surement, the processing circuitry 610 may ensure that the
wrist-worn apparatus 100 is properly connected around the
user’s wrist. The test measurement may be performed at a
certain time interval when the wrist-worn apparatus 100 is in
operational mode. Thus, the processing circuitry 610 may
determine is the operational mode still needed. Naturally, if
the user is using the wrist-worn apparatus 100 in operational
mode and uses the wrist-worn apparatus 100 to measure heart
activity, the test measurement may not be needed. It may be
understood that the entering to the operational mode may be
triggered by some event and the heart activity measurement
may be used to ensure that the operational mode should be
entered.

[0065] In an embodiment, the wrist-worn apparatus 100 is
configured to enter operational mode when the detector cir-
cuitry 620 detects a predetermined number of consecutive
grooves engaged by the fixing claw 102.

[0066] In an embodiment, the wrist-worn apparatus 100 is
configured to enter operational mode when the detector citr-
cuitry 620 detects a predetermined number of consecutive
vibrations caused by the fixing claw 102 engaging the at least
one groove 104. The described testing measurement may be
used to ensure that the wrist-worn apparatus 100 is in fact in
use.

[0067] The sleep mode may be understood as means for
saving energy, and thus battery of the wrist-worn apparatus
100. The entering to the sleep mode may be triggered by some
event, such as the opening of the loop formed by the wrist
strap 101. The processing circuitry 610 may perform test
measurement after an event, such as the opening of the loop,
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happens. The test measurement may ensure that the wrist-
worn apparatus 100 is in fact not in use. There may be situa-
tions where the wrist-worn apparatus 100 is used when it is
not around the user’s wrist. To prevent entering the sleep
mode in such cases, the mode controller 612 may receive
information from display 630 and/or sensor(s) 670 that indi-
cates that the wrist-worn apparatus 100 is in use.

[0068] Inanembodiment, the sleep mode is activated when
the wrist-worn apparatus 100 is stationary for or over a pre-
determined time. The time may be, for example, ten seconds.
The described testing measurement may be used to ensure
that the wrist-worn apparatus 100 is not in fact in use.
[0069] In an embodiment, the predetermined time is one
minute.
[0070]
minutes.
[0071] In an embodiment, the predetermined time may be
adjusted by the user of the wrist-worn apparatus 100.

[0072] In an embodiment, the described testing measure-
ments last for ten seconds.

[0073] In an embodiment, the described testing measure-
ments last for one minute.

[0074] In an embodiment, the wrist-worn apparatus 100
may further comprise a tutorial mode, wherein the mode
controller circuitry 612 may be configured to: cause the dis-
play 630 to show instructions for the user to tighten or loosen
the loop formed by the wrist strap 101 and determine after
each displayed instruction, based on the processed heart
activity related data, if the quality of the optical heart rate
measurement performed by the optical heart activity sensor
140 is between predetermined values. In tutorial mode the
wrist-worn apparatus 100 may find the optimal value for
tightening the wrist strap 101, as illustrated in FIG. 4. The
wrist-worn apparatus 100 may be required to be in the opera-
tional mode before entering the tutorial mode.

[0075] Inanembodiment, the tutorial modeis configured to
find lower and higher limits for the tightness of the loop,
wherein the optical heart activity sensor 140 can measure the
user’s heart activity with acceptable accuracy. The acceptable
accuracy may mean signal quality values, which can be used
to determine user’s pulse, for example.

[0076] In an embodiment, the wrist strap 101 comprises a
position detector circuitry configured to detect the position of
the first connection member 110 in relation to second con-
nection member 120. The detection may be done also vice
versa. The position detector may provide position informa-
tion for the processing circuitry 610, wherein the processing
circuitry 610 may use the information to determine the tight-
ness of the loop formed by the wrist strap 101.

[0077] In an embodiment, the wrist-worn apparatus 100
comprises at least one of the following: a temperature sensor,
apressure sensor, a motion sensor and a piezoelectric sensor.
Sensor(s) block 670 may comprise the said sensor(s).

[0078] In an embodiment, the wrist-worn apparatus 100
comprises a communication circuitry 690. The communica-
tion circuitry 690 may be configured to transmit and/or
receive data from external devices, such as computers, tablets
and mobile phones, for example. The communication cit-
cuitry 690 may apply at least one of the following short range
device-to-device communication technologies: Near Field
Communication (NFC), Radio Frequency Identification
(RFID), Bluetooth, Bluetooth Low Energy, wireless local
area network (WLAN), ANT or ANT+ by Dynastream, or
IEEE 802.15.4. Other short-range device-to-device or net-

In an embodiment, the predetermined time is five



US 2016/0066842 A1l

work communication protocols are equally possible. The
wrist-worn apparatus 100 may utilize NFC for transmitting
and receiving data from external devices. NFC circuitry may
be also utilized to perform a handshake between the wrist-
worn apparatus 100 and another external device, and other
communication technologies may be used to transmit or
receive the actual data to be transferred. The NFC is a tech-
nique enabling radio frequency identification in very short
distances.

[0079] In an embodiment, the wrist-worn apparatus com-
prises a user interface 650 configured to allow user to interact
with the wrist-worn apparatus 100. The user interface 650
may comprise a touch-screen display formed together with
the display 630. Physical buttons for the user to interact with
the apparatus are equally possible.

[0080] In an embodiment, the wrist-worn apparatus 100
may be connected to a second apparatus, such as tablet,
mobile phone or computer, with the communication circuitry
690. The communication circuitry 690 may enable the use of
the second apparatus to control the wrist-worn apparatus 100.
It may also be possible to load configuration information or
software updates to the wrist-worn apparatus 100 using the
second apparatus. The configuration information may com-
prise, for example, algorithms to be used in the detection of
wrist strap’s 101 loop tightness.

[0081] Inanembodiment, the communication circuitry 690
is configured to transmit heart activity related data to the
second apparatus, wherein the said data causes the second
apparatus to display the said data on the display of the second
apparatus. This may help the user to review and/or edit the
data, as the display may be bigger than the display 630.
[0082] FIG.7illustrates the detection of pulse(s) according
to an embodiment of the invention. As mentioned above, the
processing circuitry 610 may determine the tightness of the
loop, for example, from the vibration pulses caused by the
fixing claw 102 engaging the at least one groove 104. Refer-
ring to FIG. 7, there is shown three different pulse patterns
702-706. The pulse patterns 702-706 need to be understood as
exemplary patterns. The patterns observed may comprise any
combination or variation of the patterns 702-706 introduced.
[0083] Thedetector circuitry 620 may detect pulse(s) in the
pulse patterns 702-706, and the processing circuitry 610 may
calculate the number of pulses based on the data received
from the detector circuitry 620. In an embodiment, the cal-
culating is done by the detector circuitry 620. The processing
circuitry 610 may measure the time which an individual pulse
or a pulse pattern lasts and how powerful the pulse is. The
processing circuitry 610 may further deduce different things
from the pulse patterns 702-706 based on at least some of the
measured variables. For example, the processing circuitry
610 may determine that the pulses of the pulse pattern 702 are
steep over a predetermined level. The steepness may be deter-
mined based on the pulse strength in relation to time. Both
upward and downward steepness may be used for the deter-
mination. Based on the steepness of the pulse pattern’s 702
pulses, the processing circuitry 610 may determine that the
pulse pattern 702 is caused by the engaging fixing claw 102.
Thus, it may be possible to further determine that the wrist
strap 101 has been tightened. More precisely, the wrist strap
101 may have been tightened for the amount of four grooves.
[0084] Still referring to FIG. 7, the pulse pattern 704 may
comprise pulses that are not as steep and/or powerful as the
pulse pattern 702. The processing circuitry 610 may deter-
mine from the pulse pattern 704 that the steepness and
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strength of the pulse(s) indicate that the wrist strap 101 is
being loosened. The pulse pattern 704 may comprise a first
part which indicates that the fixing claw 102 has been disen-
gaged from the at least one groove 104, and a second part
which indicates the loosening of the loop. The processing
circuitry 610 may determine the amount the loop has been
loosened from the time that the second part, indicating the
loosening, of the pulse pattern 704 lasts.

[0085] The processing circuitry 610 may have pulse
strength limit 710 for calculating the pulse(s) caused by the
engaging fixing claw 102. The processing circuitry 610 may
determine from the structure of the pulse pattern 706 that the
pattern 706 is caused by a tightening of the wrist strap 101.
However, an individual pulse in the pulse pattern 706 may not
go over the pulse strength limit 710. Thus, processing cir-
cuitry 610 may determine that only three grooves have been
engaged, as one of the pulses may have been erroneous. The
errors may be caused by, for example, external force, such as
auser’s finger touching the sensor(s) observing the pulses or
the wrist strap 101.

[0086] FIG. 8 illustrates the optical heart activity sensor
140 according to an embodiment of the invention. The optical
heart activity sensor 140 may comprise a light emitter 810
configured to transmit light 802 towards user’s skin. The light
emitter 810 may comprise a LED, for example. Optical heart
activity sensor 140 may further comprise an optical head 820
configured to receive at least some of the bounced light 804
from the user’s skin. The light 802, 804 may travel through
user’s blood veins and/or skin. When the light 802, 804 trav-
els through the veins, it may change and the changes may be
observable from the bounced and/or emitted light 804. The
changes in the bounced light 804 may indicate different blood
fluctuations in the veins. Thus, the pulse or other heart activi-
ties may be observable from the detected bounced light 804.
[0087] Although the light emitter 810 and the optical head
820 are shown as single units in the FIG. 8, it may be possible
to use multiple light emitters and optical heads. Optical heart
activity sensor 140 may comprise a filter 830 and analog-to-
digital (AD) converter 840. These may be configured to filter
the signal, detected by the optical head 820 from the bounced
light 804, and to convert the analog signal to a digital signal.
It needs to be noted that the wrist-worn apparatus 100 may
comprise the filter 830 and the AD converter 840. The mea-
sured, filtered and converted signal may be transmitted to the
processing circuitry 610, as shown in FIG. 6. The heart activ-
ity information provided by the sensor 140 may be displayed
to the user using the display 630.

[0088] Inanembodiment, the first connection member 110
or the second connection member 110 comprises at least one
protrusion, wherein the wrist strap comprises a groove work-
ing as a counterpart for the at least one protrusion, and
wherein the at least one protrusion may engage the groove,
thus connecting the first and second connection members
110, 120 together. The described connection mechanism may
use similar solutions that are described above. The at least one
protrusion may, for example, produce vibration as it engages
the said groove. Similarly, release mechanism 206 may be
applicable to the described connection mechanism. The
groove may be comprised in the first connection member 110
or the second connection member 120.

[0089] As used in this application, the term ‘circuitry’
refers to all of the following: (a) hardware-only circuit imple-
mentations, such as implementations in only analog and/or
digital circuitry, and (b) combinations of circuits and soft-
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ware (and/or firmware), such as (as applicable): (i) a combi-
nation of processor(s) or (ii) portions of processor(s)/soft-
ware including digital signal processor(s), software, and
memory(ies) that work together to cause an apparatus to
perform various functions, and (c) circuits, such as a micro-
processor(s) or a portion of a microprocessor(s), that require
software or firmware for operation, even if the software or
firmware is not physically present. This definition of ‘cit-
cuitry’ applies to all uses of this term in this application. As a
further example, as used in this application, the term ‘cit-
cuitry’ would also cover an implementation of merely a pro-
cessor (or multiple processors) or a portion of a processor and
its (or their) accompanying software and/or firmware. The
term ‘circuitry” would also cover, for example and if appli-
cable to the particular element, a baseband integrated circuit
or applications processor integrated circuit for a mobile
phone or a similar integrated circuit in a server, a cellular
network device, or another network device.

[0090] The techniques and methods described herein may
be implemented by various means. For example, these tech-
niques may be implemented in hardware (one or more
devices), firmware (one or more devices), software (one or
more modules), or combinations thereof. For a hardware
implementation, the apparatus(es) of embodiments may be
implemented within one or more application-specific inte-
grated circuits (ASICs), digital signal processors (DSPs),
digital signal processing devices (DSPDs), programmable
logic devices (PLDs), field programmable gate arrays (FP-
GAs), processors, controllers, micro-controllers, micropro-
cessors, other electronic units designed to perform the func-
tions described herein, or a combination thereof. For
firmware or software, the implementation can be carried out
through modules of at least one chip set (e.g. procedures,
functions, and so on) that perform the functions described
herein. The software codes may be stored in a memory unit
and executed by processors. The memory unit may be imple-
mented within the processor or externally to the processor. In
the latter case, it can be communicatively coupled to the
processor via various means, as is known in the art. Addition-
ally, the components of the systems described herein may be
rearranged and/or complemented by additional components
in order to facilitate the achievements of the various aspects,
described with regard thereto, and they are not limited to the
precise configurations set forth in the given figures, as will be
appreciated by one skilled in the art.

[0091] Embodiments as described may also be carried out
in the form of a computer process defined by a computer
program. The computer program may be in source code form,
object code form, or in some intermediate form, and it may be
stored in some sort of carrier, which may be any entity or
device capable of carrying the program. For example, the
computer program may be stored on a computer program
distribution medium readable by a computer or a processor.
The computer program medium may be, for example but not
limited to, a record medium, computer memory, read-only
memory, electrical carrier signal, telecommunications signal,
and software distribution package, for example. Coding of
software for carrying out the embodiments as shown and
described is well within the scope of a person of ordinary skill
in the art.

[0092] Eventhough the inventionhas been described above
with reference to an example according to the accompanying
drawings, it is clear that the invention is not restricted thereto
but can be modified in several ways within the scope of the
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appended claims. Therefore, all words and expressions
should be interpreted broadly and they are intended to illus-
trate, not to restrict, the embodiment. It will be obvious to a
person skilled in the art that, as technology advances, the
inventive concept can be implemented in various ways. Fur-
ther, it is clear to a person skilled in the art that the described
embodiments may, but are not required to, be combined with
other embodiments in various ways.

What is claimed is:

1. A wrist-worn apparatus for measuring a user’s heart
activity, the apparatus comprising:

an optical heart activity sensor configured to measure the

user’s heart activity by optical heart rate measurement;
and

a wrist strap adapted to physically couple the optical heart

rate activity sensor against the user’s skin by attaching
the wrist-worn apparatus around the user’s wrist, the
wrist strap comprising a first and a second curved con-
nection members, wherein the first connection member
is adapted to slide inside the second connection member,
and wherein the wrist strap comprises at least one groove
and a fixing claw acting as a counterpart for the at least
one groove, wherein the fixing claw is arranged to
engage the at least one groove when the first connection
member is slid inside the second connection member.

2. The wrist-worn apparatus of claim 1, wherein in at least
one ofthe first connection member and the second connection
member comprises the at least one groove.

3. The wrist-worn apparatus of claim 1, wherein the wrist
strap and the flexible claw are of one integral entity.

4. The wrist-worn apparatus of claim 1, wherein the at least
one groove comprises a fastening wall, a tightening wall and
a cavity between the said walls, wherein angle between a line
perpendicular to the curved connection member and the fas-
tening wall is smaller than angle between the said line and the
tightening wall, wherein the tightening wall allows the first
connection member to slide inside the second connection
member tightening the loop formed by the wrist strap by
allowing the fixing claw to disengage automatically when the
loop is tightened, and wherein the fastening wall prevents the
fixing claw from disengaging from the at least one groove to
the direction opposite to the tightening.

5. The wrist-worn apparatus of claim 1, wherein the wrist
strap further comprises a release mechanism to enable disen-
gaging of the fixing claw from the at least one groove.

6. The wrist-worn apparatus of claim 1, wherein the wrist
strap comprises a cavity for the release mechanism.

7. The wrist-worn apparatus of claim 1, wherein the release
mechanism comprises a surface, and wherein the surface is
arranged to reach over at least one edge area of the wrist strap.

8. The wrist-worn apparatus of claim 1, wherein the fixing
claw and the release mechanism are mechanically coupled
together with at least one fixing point.

9. The wrist-worn apparatus of claim 1, wherein the fixing
claw is arranged to disengage by applying mechanical force
to the surface comprised in the release mechanism.

10. The wrist-worn apparatus of claim 1, wherein the wrist
strap further comprises a position indicator indicating the
tightness of the loop formed by the wrist strap.

11. The wrist-worn apparatus of claim 10, wherein the
position indicator comprises visual indicators, wherein at
least one of the visual indicators is at least partially visible,
when the first connection member is slid inside the second
connection member.
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12. The wrist-worn apparatus of claim 1, further compris-

ing:

a processing circuitry configured to receive and process
heart activity related data from the optical heart activity
sensor.

13. The wrist-worn apparatus of claim 12, further compris-

ing:

a detector circuitry for detecting the number of grooves
engaged by the fixing claw, and wherein the processing
circuitry is further configured to receive detected data
from the detector circuitry and to calculate the number
of grooves engaged by the fixing claw based on the
detected data.

14. The wrist-worn apparatus of claim 13, further compris-

ing:

a display, and wherein the number of grooves engaged by
the fixing claw is configured to be displayed on the
display with a visual indicator.

15. The wrist-worn apparatus of claim 13, further compris-

ing:

an indicator member configured to indicate to the user
when the number of grooves engaged by the fixing claw
correspond to a predetermined number.

16. The wrist-worn apparatus of claim 12, wherein the

wrist-worn apparatus comprises at least two modes: sleep
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mode and operational mode, wherein entering the sleep mode
causes at least some of the following: dimming of the display,
turning off the display and deactivation of the optical heart
rate sensor, and wherein entering the operational mode causes
at least some of the following: undimming of the display,
turning on the display and activation of the optical heart rate
Sensor.

17. The wrist-worn apparatus of claim 16, wherein the
wrist-worn apparatus is configured to enter operational mode
when the detector circuitry detects a predetermined number
of consecutive grooves engaged by the fixing claw.

18. The wrist-worn apparatus of claim 12, wherein the
wrist-worn apparatus further comprises a tutorial mode,
wherein the processing circuitry is configured to: cause the
display to display instructions for the user to tighten or loosen
the loop formed by the wrist strap and determine after each
displayed instruction, based on the processed heart activity
related data, if the quality of the optical heart rate measure-
ment performed by the optical heart activity sensor is between
predetermined values.

19. The wrist-worn apparatus of claim 1, wherein the wrist
strap further comprises a limiter member adapted to limit the
loop, formed by the wrist strap, from being tightened over a
predetermined level.
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