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The present application provides a portable biometric monitor,
wherein the housing of said portable biometric monitor in being
connected to a strap for attaching the portable biometric monitor
to a user, the strap comprising a first end and a second end,
wherein the strap comprises spacer elements having a first end
and a second end, the strap being connected from its two sides
at the first end and from its two sides at the second end to two
sides at the first end of the housing and to two sides at the
second end of the housing via pivots connected to said spacer
elements to allow pivoted movement of the housing, wherein, the
distance of the pivot locations between the first end of the
housing and the second end of the housing is in the range of
10-30 mm, for example 20-30 mm.

Esilla oleva keksinto tarjoaa kannettavan biometrisen monitorin,
jossa mainitun kannettavan biometrisen monitorin kotelo on
kiinnitetty hihnaan kannettavan biometrisen monitorin
kiinnittamiseksi kayttajaan, joka hihna kasittda ensimmaisen paan
ja toisen paan, jolloin hihna kasittéda vélikeosia, joissa on
ensimmainen p&a ja toinen pa4, jolloin hihna on kiinnitetty sen
ensimmaisesta paasta kahdelta sivulta ja toisesta paasta
kahdelta sivulta kotelon ensimmaisen p&aan kahdelle sivulle ja
kotelon toisen paan kahdelle sivulle mainittuihin valikeosiin
kiinnitettyjen niveltappien avulla kotelon saranoidun liikkkeen
mahdollistamiseksi, jolloin kotelon ensimmaisessa péassa ja
kotelon toisessa pdassa sijaitsevien niveltappien valinen etaisyys
on 10-30 mm, esimerkiksi 20-30 mm.
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Biometric monitor strap

Field of the application

The present application relates to a portable biometric monitor strap and to a
portable biometric monitor comprising said strap. More particularly the present
application relates to a wearable biometric monitor, such as a heart rate monitor
for attaching to a wrist of a user.

Background

Physiological data can be measured from a user by using portable biometric
monitors, which may be attached to the user, for example to the wrist, forearm, or
arm of the user. The physiological data may include for example heart rate.
Traditional monitors usually contain a separate sensor, which is attached for
example to the user’'s chest with a strap, and which communicates wirelessly with
the wrist device. The use of separate sensors complicates the use of a portable
biometric monitor, and therefore there is a need to develop solutions embedded to
the wrist-attached or other extremity attached device.

One way for measuring the heart rate is using optical measurement. The optical
heart rate measurement is based on the fact that light is emitted by a light source
towards body tissue and at least one detector is configured to detect the intensity
of reflected light after propagation through the body tissue.

In such measurement a photoplethysmogram (PPG) is obtained. It is an optically
obtained plethysmogram, a volumetric measurement of an organ. A PPG is often
obtained by using a pulse oximeter which illuminates the skin and measures
changes in light absorption. With each cardiac cycle the heart pumps blood to the
periphery. Even though this pressure pulse is somewhat damped by the time it
reaches the skin, it is enough to distend the arteries and arterioles in the
subcutaneous tissue. If the pulse oximeter is attached without compressing the
skin, a pressure pulse can also be seen from the venous plexus, as a small
secondary peak.

The change in volume caused by the pressure pulse may be detected by
illuminating the skin with the light from a light-emitting diode (LED) and then
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measuring the amount of light either transmitted or reflected to a photodiode. Each
cardiac cycle appears as a downward peak in the photodiode. Because blood flow
to the skin can be modulated by multiple other physiological systems, the PPG can
also be used to monitor breathing, hypovolemia, and other circulatory conditions.
Additionally, the shape of the PPG waveform differs from subject to subject, and
varies with the location and manner in which the pulse oximeter is attached.

There are several challenges when measuring pulse optically. The optical measu-
rement is based on light absorption changes caused by blood flow in a lighted
area. If the shape of the lighted area changes during the measurement, for
example, due to movement of the pulse measuring device, the measurement is
disturbed. Thus, for example, movements of a hand and of the user cause errors
to the measurement in many ways.

In order to avoid problems in the measurement of biometric monitors, especially in
optical measurements, the device needs to be as stable as possible in relation to
skin and needs to minimize mechanical changes in tissue area during movement.
This is especially important during activities, such as sports-related activities and
workouts, and when the biometric monitoring device is used as an athletic
performance or fithess monitor.

The wrists of different users may vary in size ranging in perimeter for example
from 12 cm to over 20 cm. This makes it very challenging to optimize the contact
of the portable biometric monitor for use with all or most of the users, as the device
are usually produced in one size only.

There are many ways to address the above problems. One solution is to tighten a
strap of the measuring device. The problem, however, is that a user may tighten
the strap too much, which in turn is uncomfortable and prevents blood flow in
tissue. In turn, too loose tightening of the strap allows the portable measuring
device to move too much in relation, for example, to a wrist and body tissue.
Further, too complicated tightening and setting procedure makes the device less
convenient to use.

Summary

One embodiment provides a portable biometric monitor, wherein the housing of
said portable biometric monitor is connected to a strap for attaching the portable
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biometric monitor to a user, the strap comprising a first end and a second end,
wherein

-the strap comprises spacer elements having a first end and a second end,

-the strap being connected from its two sides at the first end and from its two sides
at the second end to two sides at the first end of the housing and to two sides at
the second end of the housing via pivots connected to said spacer elements to
allow pivoted movement of the housing, wherein

-the distance of the pivot locations between the first end of the housing and the
second end of the housing is in the range of 10-30 mm, for example 20-30 mm.

The aspects of the invention are characterized in the independent claim. Various
embodiments are disclosed in the dependent claims.

The construction of the portable biometric monitor enables efficient packing of the
electronics inside the housing. As the pivots do not have axles reaching through
the whole casing of the device, there is more room for the electronics, sensors,
displays, mechanics and the like. This has an effect of enabling more compact
design on the device, which helps for example controlling the contact of the device
with the user and making the wearing more comfortable due to small size. With a
compact device the attachment of the strap to the device itself may be
implemented in a way which enables the attachment points being close to each
other.

As the strap is connected to the body of the monitor with movable spacer
elements, which are connected to the body via pivots, which are close to each
other, the movement of the user, for example the movement of the wrist of the
user, has less disturbance to the contact of the device with the user.

The pivoted structure prevents the monitor as a whole from pivoting up at one end
when the user’s wrist moves or turns, or if the strap tends to rotate or move in the
wrist, as is the case with conventional rigid structures. The pivoted structure
provides an effect of adapting the wrist strap to the rotating movements and
shapes of different types of wrists. The mechanical behavior of the structure is
made short, i.e. the effective length of the biometric monitor attached to the strap
is shorter than the actual length of the monitor. As there are different types of
wrists having different dimensions and angles, the pivoted structure may turn even
about 90 degrees independently at each end, thus adapting to the contour of the
user’s wrist. This minimizes the leverage effect directed to the strap attachment



20145499 PrH 28 -12- 2016

10

15

20

25

30

35

caused by the movements of the wrist. The force required for lifting the monitor is
maximized and simultaneously the force required for maintaining the position of
the monitor is minimized.

This provides an effect of enhancing the contact of the device and the sensor with
the skin of the user and maintaining an unchanged position of the monitor on the
wrist. If the pivots were more far away from each other, said movements would
move the device body in a way which would break the contact of the device with
the skin. The distance of the pivot locations between the first end of the housing
and the second end of the housing used in the embodiments were found to be
optimal for different sizes of wrists thereby providing an efficient arrangement
useful for practically all users.

The feature of pivoted movement of the housing enables wrist movements without
disturbing the contact of the device with the skin. This provides an effect of
enhancing the contact of the device and the sensor with the skin of the user.

The design of the strap attachment to the body of the monitor has an effect of
reducing the pressure of the device against the skin, and at the same time
enhancing the stability of the device on the skin. The enhanced stability and the
enhanced contact provide an effect of reducing the changes in the pressure, angle
and movement of the device, which enhances the measuring accuracy, especially
with optical sensors. Also this provides enhanced convenience of use of the
device as there is no need to overtighten the strap. If a stretchable strap is used
the design enables immediate stability and contact of the device with the user’'s
skin already without further adjustment of the strap. This provides an effect of
allowing the slipping of the device to a wrist and starting the use thereof
immediately thus saving time and allowing convenient use.

The feature that the pivot is non-movable at the housing side has an effect of
providing a reliable and solid construction of the device. Such construction is also
water-proof with no need for any further sealing. The pivot being made of metal
also provides the same effects. Non-movable metallic pivots provide an effect of
enhancing the contact in the grounding inside the housing and making it more
reliable, for example when using spring-like grounding members touching then
pivots. This is also beneficial during the assembly of the device.
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The shape of the spacer elements provides an effect of keeping the strap side of
the spacer elements close to the skin. The thickness of the strap side axle brings
the level of the pivot center however slightly over the skin which further enhances
the stability of the device.

The feature that the spacer elements and/or pivots are made of metal provides an
effect of enabling smaller dimensions of the parts, such as thinner spacer
elements, which further enable smaller dimensions and/or weight of the device.
Also the mechanical durability and strength of the parts and the device are
enhanced.

The effects provided by the attachment of the strap to the housing may also be
affected by the overall tightness of the strap. This tightness may be controlled by
the implementation of a buckle of the strap, the material of the strap and the
mechanical indicator configured to indicate tightness of a strap described herein.
By adjusting the tightness and maintaining the desired tightness enhanced stability
of the device on the skin may be obtained.

The implementation of the buckle of the strap having an extension between the
two portions of the strap entering and exiting the buckle prevents the strap from
being moved through the window by friction when the flexible strap is extending
and contracting due to human body movement provides an effect of maintaining
the stability of the strap in use. Without the extension the two portions of the strap
would be in close contact with each other and the friction between the portions
would loosen or even tighten the strap due to the body movements, such as wrist
movement.

Brief description of the figures
Figures 1A and 1B show the outer parts of the biometric monitor. Figures 1A and
1B show two different orientations of the pivots and demonstrate the pivoted

movement of the device.

Figure 2A shows an exploded view of the biometric monitor, and Figure 2B shows
the view from a different angle
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Figure 3A shows inner parts of the device related to the grounding, wherein Figure
3B shows the same view without the spacer elements and other parts on the other
side

Figure 4A shows a general view of a strap with a buckle, and Figure 4B shows the
buckle

Figure 5A shows a general view of a strap with a buckle, and Figure 5B shows the
buckle

Figure 6A shows a general view of a strap with a buckle, and Figure 6B shows a
buckle with an extension part between the strap parts

Figure 7A shows a general view of a strap with a buckle, and Figure 7B shows a
buckle with a first extension part and a second extension part

Figure 8 shows an arrangement comprising a mechanical indicator configured to
indicate tightness of a strap

Figure 9 shows discloses a cross-section view of the arrangement of Figure 8

Figure 10 shows an arrangement comprising a mechanical indicator configured to
indicate tightness of a strap

Figure 11 shows an example of a strap

Figure 12 shows an example of a strap

Detailed description

One embodiment provides a portable biometric monitor 10 comprising a housing
20 having a first end 21 and a second end 22, one or more processors, memory,
one or more biometric sensors, and an interface operatively connected together.
The biometric monitor may be a wearable monitor used as a sport or fitness

monitor, health monitor or the like.

The main parts visible outside are shown in Figures 1A and 1B. The housing 20 of
said biometric monitor 10 may generally have a shape and the size of a wrist
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watch, for example it may be have a length d in the range of 20-60 mm, for
example in the range of 2540 mm. It may have a width c in the range of 1540
mm, for example in the range of 25-35 mm, or in the range of 25-30 mm. The
shape of the housing in generally substantially flat, having a thickness in the range
of 3—15 mm, for example in the range of 5-10 mm, or in the range of 810 mm. In
one example the housing is angular in shape, for example substantially square.
The edges may be rounded. The housing may also have an oval or round shape,
or a combination of the shapes mentioned herein. The first end 21 and the second
22 end may be defined according the direction of the housing when attached to
the user or to the strap, especially in the case wherein the shape of the housing is
substantially round. In one example the length of the housing is larger than the
width thereof. The housing may also be called as the body or frame of the
biometric monitor. The housing may be made of metal, or it may have a body or
frame made of metal. This enables mechanically reliable joints with the pivots or
axles. Examples of metal include steel, stainless steel, titanium, light alloys and
the like. The housing may also be made of plastics. A housing made of plastics
may be used to provide products having decreased weight, to save in the
manufacturing costs and to facilitate the manufacturing process. In such case the
pivots may be anchored to the housing for example by using metal lockwashers
inside the housing, and by using a connecting part 39 made of metal arranged to
receive the pivots, usually arranged to receive two pivots at the same side of the
monitor. The connecting part 39 is grounded via the pivots, and it also grounds the
side plate 38.

The housing is connected to a wearable strap 40 for attaching the portable
biometric monitor to a user, for example to a wrist of the user, the strap comprising
a first end 41 and a second end 42. The strap may be continuous including only
one strap part, or it may be discontinuous including at least two parts which may
be connected by a buckle. In one example the strap contains two parts connected
by a buckle, as shown in Figures 4A, 5A, 6A and 7A. The strap may have a width
of substantially the width of the housing, or little less, such as 0.5-2 mm narrower
than the width of the housing. The thickness of the strap may be in the range of
0.5-3 mm. In one example the strap is made of stretchable or elastic material,
such as canvas, rubber, or combinations thereof. In one example the strap is
made of non-stretchable material, such as plastics, leather, metal, or combinations
thereof. Examples of metal include steel, stainless steel, titanium, light alloys and
the like.
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The strap 40 includes spacer elements 12, 13, 14, 15 having a first end 24 and a
second end 25, meaning that the strap 40 is connected to said spacer elements
12, 13, 14, 15. The spacer elements 12, 13, 14, 15 may also be called spacers,
linkers, spacing parts, link parts or linking parts or link elements or the like. In one
example said space elements are thin or flat strip-like parts having a thickness in
the range of 0.5-3 mm, for example in the range of 0.7—2 mm, or in the range of
0.7-1.5 mm. In one example said spacer element has a thickness of about 1 mm.
In one embodiment the spacer elements have a length b in the range of 10-20
mm, for example in the range of 15-18 mm. The spacer elements 12, 13, 14, 15
are configured to receive a pivot 16, 17 at the first end 24 and a pivot 18, 19 at a
second end 25, or the spacer elements 12, 13, 14, 15 have a hole for the pivots
16, 17 at the first end 24 and a hole for the pivots 18, 19 at the second end 25. In
the final biometric monitor construction the spacer elements are connected to said
pivots, i.e. the spacer elements include said pivots. In one embodiment the spacer
element is not fixed to a pivot, i.e. the spacer element is movable in relation to said
pivot, or it is rotatable around said pivot. The pivots may be fixed to the housing
side of the biometric monitor. The figures 1A and 1B demonstrate the movement
of the pivots.

The strap is connected from its two sides at the first ends 41 and from its two sides
at the second ends 42 to two sides at the first end 21 of the housing 20 and to two
sides at the second end 22 of the housing 20 via said spacer elements 12, 13, 14,
15.

The spacer elements 12, 13, 14, 15 are connected to the housing 20 via pivots 16,
17 at the first end 24 of said spacer elements 12, 13, 14, 15 and to the strap 40 via
pivots 18, 19 at the second end 25 of said spacer elements 12, 13, 14, 15 to allow
pivoted movement of the housing 20 and/or the strap 40, wherein the distance a of
the pivot locations between the first end of the housing and the second end of the
housing, on the same side, is in the range of 10-30 mm, for example in the range
of 20-30 mm. In one embodiment the distance a of the pivot locations between the
first end of the housing and the second end of the housing is in the range of 20-25
mm, or more precisely in the range of 21-23 mm, for example about 22 mm. The
spacer elements may form an angle of about 110 degrees with the housing, for
example about 100 degrees, or even about 90 degrees. The structure allows for
independent angles at both sides of the housing. In the example of Figure 1B the
contour of the side plate 38 is arranged to limit the angle to about 100 degrees.
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The ends of said flat spacer elements may be rounded and the other end may be
narrower than the other end. For example the first end 24 is connected to the
housing 20 and may have substantially the same width as the thickness of the
housing, for example in the range of 8-10 mm at the level of the pivot center. The
second end 25 is connected to the strap 40 and it may have a smaller width than
the first end, for example in the range of 4—7 mm at the level of the pivot center.
This width is close to the diameter of the axle 11 attached to the strap 40, the
diameter of the axle 11 being for example in the range of 3-5 mm. The pivots 18,
19 may be connected to the axle 11, for example the pivots may be screws which
have been screwed to the hole in the axle 11, or the pivots may form a part of the
axle. The axle 11 may be made of metal, or it may be made of plastics. In the
described case the general tapered shape of the spacer element resembles a drop
or a “dog ear”. On the strap side there may be only one axle 11 reaching from one
side to the other side. Usually this axle 11 is inside a strap loop 48. The relatively
smaller width of the second end 25 of the spacer element 12, 13, 14, 15 enables
the connection to the strap 40 being relatively close to the skin of the user. This
has an effect of enhancing the stability of the biometric monitor. However, the
diameter of this axis 11 together with the thickness of the strap 40 places the
center of the axis 11 slightly over the skin surface, for example by 2-5 mm. This
distance was found to further stabilize the construction during use.

In one embodiment the pivots are connected to the housing at locations which are
at a distance e in the range of 3—10 mm from the end 21, 22 of the housing 20, for
example in the range of 4-8 mm. In one example this distance is about 5 mm.

In one embodiment the pivots are connected to the housing at locations which are
at a distance e in the range of 1/4—1/10 of the length d of the housing 20 from the
end 21, 22 of the housing 20, for example at a distance in the range of 1/5-1/7.

The pivots comprise axles or the pivots may be also called axles. In one
embodiment the pivots on the two sides of the housing are separate pivots not
penetrating through the whole housing. The pivot may protrude inside the housing
only to the level of the housing itself, or it may protrude further only by 1-2 mm.
The total length of said pivot may be in the range of 2—-5 mm, for example about 3
mm. Figures 3A and 3B show examples of the structures and the lengths of the
pivots. In Figure 3A it can be seen that the pivots protrude slightly inside the
casing to allow contact with the grounding elements 23.
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The short lengths of the pivots provide more space inside the casing as there are
no axles protruding through the housing. However, as the pivots are relatively
short, they are preferably made of metal to maintain the mechanical strength and
rigidity. Also, as the biometric monitor usually utilized wireless radio technology,
the grounding of the electronics is important. It is preferred that the grounding is
conducted to the skin of the user. This may be implemented by using conductive
material in both the pivots and the spacer elements, such as metal. The spacer
elements are in contact with the user during the use of the device.

In one embodiment the pivots are made of metal. In one embodiment the spacer
elements are made of metal. In one embodiment both the pivots and the spacer
elements are made of metal. Examples of metal include steel, stainless steel,
titanium, light alloys and the like.

In one embodiment the pivot is non-movable at the housing side. This may also be
called a fixed axle. Preferably this is implemented in a water-proof way. When a
metal pivot or axle is used the mechanical strength of the assembly is high. A
water resistant joint may be obtained without using any separate seals. In one
embodiment the pivot is movable at the housing side. There may be a lockwasher
inside the housing to keep the pivots attached to the housing.

In one embodiment the strap is a wrist strap. Other examples of the straps include
forearm straps, ankle straps, forehead straps, tights straps, leg straps, arm straps
and neck straps. However, the dimensions used in the embodiments herein are
optimized for wrist straps for different wrist sizes.

In one embodiment the biometric sensor is an optical sensor. Other examples of
biometric sensors include a temperature sensor, a potential sensor, a sound or an
ultrasound sensor, a galvanic skin response sensor (GSR), an EKG sensor, an
EMG sensor, a wavelength sensor, and a motion detector. The biometric monitor
may contain one or more biometric sensor(s), for example two, three or four
sensors. Also other sensors may be included, such as a GPS sensor, a
magnetometer, or a motion detector, for example inertia, gyro or accelerometer.
Usually the biometric sensor is located on the skin side or the user side of the
monitor.

Examples of possible physiological parameters to be monitored with the one or
more biometric sensors in addition to heart rate include body temperature, blood
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pressure, blood flow, skin conductivity, tissue impedance, heart rate variability,
motion, sleep, stress, fithess level, recovery level, effect of a workout routine on
health, and caloric expenditure.

In one embodiment the portable biometric monitor is a heart rate monitor, or a
pulse monitor. In one embodiment the portable biometric monitor is a heart rate
monitor comprising an optical sensor, or an optical detector. The optical heart rate
monitoring may be based on light scattering monitoring. In general an optical
sensor includes one or more light or illumination sources for emitting light and one
or more light or illumination detectors for detecting the light scattered or reflected
from the user’s body. Examples of the light sources include LED, laser and the
like. Examples of the light detectors include photodiodes, phototransistors and the
like. In one example the optical sensor comprises a light source and a light
detector. In one example the optical sensor comprises two light sources and a light
detector between the light sources, preferably all in a line. The light source(s) may
emit light at one or more wavelength(s) or wavelength ranges. The light detector(s)
may detect light at one or more wavelength(s) or wavelength ranges. Examples of
such wavelength ranges include green spectrum, blue spectrum, red spectrum,
and infrared spectrum.

The optical sensor is mounted at the bottom of the monitor body, on the skin side
of the user. The optical sensor may form a protrusion of about 0.5-2 mm from the
bottom of the monitor for anchoring the sensor to the skin, generally the protrusion
having curved sides. Usually this is on the opposite side of the monitor body In
relation to the display. Figure 2B illustrates holes for the optical sensor in the
bottom of the housing 20.

More precisely the optical heart rate monitoring is implemented by irradiating the
skin of the user with visible or infrared light generated by said light source. The
light source is generally arranged in close contact with the skin of the user. A light
detector is arranged also in close contact with the skin in a nearby location and it
is arranged to detect and measure the light resulting from reflection, absorption
and/or scattering by the skin. The variations in said detected and measured values
allow the measurement of the flow of oxy- and deoxyhemoglobin and the
expansion of blood vessels. A photoplethysmogram (PPG) may be obtained. This
enables for example oxymetric and pulsometric measurements, which may be
further used to define the heart rate of the user.
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In addition to heart rate, an optical sensor may be configured to monitor the user’'s
respiration, heart rate variability, oxygen saturation (SpO2), blood volume, blood
glucose, skin moisture and/or skin pigmentation level.

In one embodiment the portable biometric monitor, or the electronics thereof, is
grounded to the metallic pivot from inside the housing with grounding elements.
This is necessary especially is biometric monitor using radiofrequency
communication to transfer data or otherwise exchange information wirelessly with
another device or entity, and/or if such biometric monitor uses radiofrequency
sensing such as GPS for location detection. In one embodiment the portable
biometric monitor is grounded to the metallic pivot via a spring member 23 as the
grounding element, as illustrated in Figure 3A and 3B. The spring member 23
protrudes from the electronics module to a location of the metallic pivot or axle
inside the casing and touches the pivot or axle to obtain an electrical contact with
it. The spring force directed to the pivot maintains the electrical contact. No
soldering or the like is required to establish a reliable contact, which saves time
and costs during the assembly of the device, or in case when disassembly is
required, for example during a service. In one example the grounding elements
are integral parts of a metallic bottom plate, which is located between the
electronics and the biometric sensor. In one example the grounding elements are
separate elements, which are connected to a larger grounding part, such as a
metallic bottom plate. An example of such bottom plate is presented in Figures 3A
and 3B as spotted hatching while the grounding elements 23 are presented as
dashed. There may be one, two, three or four grounding elements, for example
two at the both sides of the housing at one end of the housing.

The biometric monitor generally includes one or more processors, memory, one or
more biometric sensors, an interface, and optionally a display arranged to present
information, operatively connected together. The biometric monitor naturally
contains a power source, for example a battery or a solar cell. The one or more
processor(s) is/are configured to process the biometric information which is
measured by the one or more sensors, to determine an output from the
measurement. The one or more processor(s) is/are usually a comprised in a
control unit or in means for controlling the biometric monitor. The determined
information may be outputted to a display, or the information may be sent to an
external device wirelessly connected to the biometric monitor, for example by
using Bluetooth, WiFi, cellular or any other suitable wireless technology. In such
case the biometric monitor contains means for wireless communication, such as a
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transmitter and a receiver configured to communicate with the external device.
One or more of the one or more processors, the memory, one or more biometric
sensors, the interface, and the display arranged to present information are usually
implemented as one or more electronic circuit boards or modules. These parts can
be seen in the explosion views of figures 2A and 2B. The device may also contain
audio means for outputting and/or inputting sound, for example as a part of the
user interface.

The display may use one or more of any of the suitable display technologies
including LED, LCD, AMOLED, E-Ink, Sharp display technology, graphical display,
and other suitable display technologies. This display may be used to present data
acquired or stored locally on the device or data acquired remotely from other
devices or Internet services.

The external device may be a mobile terminal, for example a handheld device
such as a mobile phone or a tablet, or a computer, for example as a portable
computer or any other computer, or any other suitable external device. The
information may be processed and/or displayed in the external device, for example
the information may be collected, saved, processed and analyzed. Other types of
information may also be combined with the measured biometric information, such
as geographic information for example obtained from a GPS system in the device
itself or in the external device, time information, temperature information, and the
like. The other information may be measured using the same device or the other
information may be obtained from another source or device, such as the external
device. The combined information may be processed to a presentable form, for
example to present statistical information as graphs or tables.

The interface may comprise a user interface for indicating the state of one or more
data types measured and/or analyzed. The user interface may also include one or
more physical buttons and/or a touch sensitive screen as means for controlling the
device and/or interacting with it, or a combination thereof. The interface may also
comprise means for communicating with an external device by using wireless
technology. The interface may also comprise means for presenting information on
a display. Figures 2A and 2B show examples of physical buttons between the
pivots on the sides of the housing. The buttons contain a spring for enabling non-
locking key functionality. In this example there is a further side plate 38 between
the spacer elements 12, 13, 14, 15, wherein this side plate 38 contains a hole for
receiving the button 37 and has the same thickness as the spacer elements 12,
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13, 14, 15. This enables providing the button on the same level as the spacer
elements, and the button may be pressed inwards. Therefore the button does not
extend from the side of the monitor and it also does not reserve space inside the
housing.

One embodiment provides a strap for connecting to a housing of a portable
biometric monitor, said strap comprising a first end and a second end, wherein

-the strap includes spacer elements having a first end and a second end,

-the strap is arranged to be connected from its two sides at the first end and from
its two sides at the second end to two sides at the first end of the housing and to
two sides at the second end of the housing via pivots connected to said spacer
elements to allow pivoted movement of the housing, wherein

-the distance of the pivot locations between the first end of the housing and the
second end of the housing is in the range of 10-30 mm, for example in the range
of 20-30 mm.

Figure 4A and 5A shows a two-part strap wherein the parts are connected by a
buckle 43, which is shown in more detail in Figures 4B and 5B. One part of the
strap enters the buckle, which is arranged to receive said strap, the strap forming
a loop therein and exits the buckle 43 back to the opposite direction. The other
part of the strap contains a loop for receiving the base member 45 of the buckle
43. The basic structure of a buckle 43 is shown in Figures 4B and 5B, the buckle
having a movable member 44 and a base member 45 forming a window for the
strap 40. Pulling the strap is arranged to close the window by moving the movable
member 44. In such construction the part of the strap which is in self-contact, i.e.
entering and exiting the buckle, may extend and/or contract due to the user body
movement. This results in loosening of the strap, or in some cases even unwanted
tightening of the strap.

In one embodiment the strap of a portable biometric monitor comprises a buckle
43, wherein a movable member 44 and a base member 45 are arranged to form a
window for the strap 40, and pulling the strap is arranged to close the window by
moving the movable member 44. The movable member may have an extension
that allows for controlled loosening of the buckle 43 by pressing from the side. The
movable member has an intermediate part 46 between the two portions of the
strap 40 arranged to enter and exit the buckle 43 to prevent the strap 40 from
being moved through the window by friction when the flexible strap 40 is extending
and contracting due to user body movement. This facilitates maintaining the
desired tightness of the strap even in active use thus enhancing the stability of the
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biometric monitor on the user by maintaining the desired contact. Figure 6A shows
a two-part strap having a first strap part and a second strap part, wherein the parts
are connected by a buckle 43 having the intermediate part 46 between the two
portions of the strap 40. Figure 7A shows the buckle 43 with the intermediate part
46 from another angle. Figure 7B shows the other end 47 of the movable member,
which in this example contains a serrated part for contacting the strap.

In one example the strap further comprises a mechanical indicator configured to
indicate the tightness of a strap of a portable biometric monitor. Said indicator
further facilitates maintaining the desired tightness of the strap, and enables the
adjustment of the strap tightness according to different activities and/or time of the
day.

In one example the strap is a stretchable strap comprising a non-stretchable
sliding part built-in in the stretchable strap, wherein the stretchable strap com-
prises a section through which the indicator on the non-stretchable sliding part is
visible. In one example the strap is a stretchable strap comprising a stretchable
sliding part built-in in the stretchable strap, the stretchable sliding part being less
stretchable than the stretchable strap, wherein the stretchable strap comprises a
section through which the indicator on the stretchable sliding part is visible. In one
example the indicator is provided by knitting the strap such that it provides a meter
showing the level of tightness of the strap.

In one example the mechanical indicator is arranged into a spacer element or link
part connected to a main body of the portable biometric monitor and to which the
strap is attached. In one example the spacer element comprises a window in
which the mechanical indicator is movable to indicate the tightness of the strap. In
one example the spacer element comprises a rotating part to which the strap is
attached. The indicator is attached to the rotating part such the when the rotating
part rotates, the indicator moves in the window. In one example the spacer
element comprises a sliding part to which the strap is attached. The indicator is
attached to the sliding part such that when the sliding part moves, the indicator
moves in the window.

A spacer element 100 of the portable biometric monitor provides an attachment
point to a strap 102. The spacer element 100 may be removably attachable to a
main body (not shown) of the portable biometric monitor, or alternatively, the
spacer element 100 may be an integral part of the main body. The spacer element
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100 includes a fixed axle 106. A sliding part and a resilient member, for example a
spring 108, are arranged around the fixed axle 104. Instead of the spring, any
other resilient member may be used. A rotation blocker 110 is attached to the
sliding part 108 in order to prevent the sliding part 108 to rotate around the fixed
axle 106. A rotating non-sliding part 104 is arranged as an outmost element and
the strap 102 is in contact with the rotating non-sliding part 104 in a section of its
circumference, as illustrated in Figure 8. Reference number 112 indicates that the
strap 102 is attached to the rotating non-sliding part 104. The spacer element 100
includes a window 114, for example a hole, in which an indicator is movable and
the location of the indicator in the hole 114 depends on the tightness of the strap
102 when a user of the portable biometric monitor fastens the device, for example,
around his wrist.

In one example the indicator is attached to the rotating non-sliding part 104 and
thus it moves when the rotating non-sliding part 104 rotates. The indicator may be
a peg which moves in the window 114. In another example the indicator is a plate
movable in the window 114 and it comprises a scale. A pointer has been arranged
in the spacer element 100. When the plate moves as a result of pulling the strap,
the pointer points to a certain point in the scale on the plate indicating the
tightness of the strap.

As illustrated in Figure 8, the hole 114 may take a form of a slot which is radially
arranged in relation to the fixed axle 106. Reference number 116 refers to a cross-
section which is illustrated in more detail in Figure 9.

In one example the window 114 is a hole in the spacer element. In another
embodiment, the spacer element 100 comprises transparent section through
which the indicator can be seen. For example, the spacer element 100 may be
partly or wholly made of plastic and it may be partly or wholly transparent.

Figure 9 discloses a cross-section view of the arrangement of Figure 8. As
illustrated in Figure 9 the rotating non-sliding part 104 partially directly surrounds
the fixed axle 106 and is arranged to be rotatable about the fixed axle 106. The
remaining part of the fixed axle 106 not directly surrounded by the rotating non-
sliding part 104 is occupied by a spring 118 and a non-rotating sliding part 120.

When the strap 102 is pulled the rotating non-sliding part 104 rotates around the
fixed axle 106. An inclined surface 122 of the rotating non-sliding part 104 faces
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towards an inclined surface 124 of the sliding non-rotating part 120. When the
rotating non-sliding part 104 rotates it presses the sliding non-rotating part 120,
and due to the inclined surfaces 122 and 124, the sliding non-rotating part 120
moves and compresses the spring 118. Although not illustrated in Figure 9, this
action also moves the indicator in the hole 114. When the pulling stops and the
tightness of the strap 102 is reduced, the spring 118 presses the sliding non-
rotating part 120 and the sliding non-rotating part 120 generates a rotating force
for the rotating non-sliding part 104 and thus the rotating non-sliding part 104 turns
to its relaxed position.

Figure 10 discloses an arrangement comprising a mechanical indicator configured
to indicate tightness of a strap 202 of a portable biometric monitor according to
one embodiment of the invention. Whereas Figure 8 disclosed a turning force
indicator Figure 10 discloses a sliding force indicator. A spacer element 200 of the
portable biometric monitor provides an attachment point to the strap 202. The
spacer element 200 may be removably attachable to a main body (not shown) of
the portable biometric monitor or alternatively the spacer element 200 may be an
integral part of the main body. The spacer element 200 includes a fixed axle or
pivot 216. A rotating part 214 is arranged to be rotatably attached to the fixed axle
216. The strap 202 is arranged to be partially in contact with the rotating part 214
on the circumference of the rotating part 214, as disclosed in Figure 10. A sliding
part 204 is arranged in the spacer element 200 and the strap 202 is attached to
the sliding part 204.

A first spring blocker 208 is arranged in the spacer element 200 and a second
spring blocker is arranged in the sliding part 204. A spring 206 is arranged
between the first spring blocker 208 and the second spring blocker 210. In one
example the sliding part 204 comprises guiders which keep the sliding part 204 on
its sliding track in the spacer element 200. When the strap 202 is pulled, the
sliding part 204 moves and the spring 206 compresses. Instead of the spring 206,
any other resilient member may be used. The spacer element 200 also includes a
window 212 through which an indicator 218 in the sliding part 204 or attached to
the sliding part 204 can be seen. In one example the window 212 is a hole in the
spacer element 200. In another example the spacer element 200 comprises a
transparent section through which the indicator in the sliding part 204 or attached
to the sliding part 204 can be seen. For example, the spacer element 200 may be
partly or wholly made of plastic. Furthermore, it may be partly or wholly
transparent.
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As an example of the indicator, Figure 10 discloses that the sliding part includes
three patterns for indicating the tightness of the strap 202. Only one pattern can be
seen in whole at a time through the window 212 in the spacer element 200. It is
evident that Figure 10 discloses only one example of a possible indicator. In
another example an elongated slot may be arranged in the spacer element 200
and an indicator attached to the sliding part 204 moves in the elongated slot and
indicates the current tightness of the strap 202.

Figure 11 discloses a strap 300 for a portable biometric monitor according to one
embodiment of the invention. The strap 300 and a sliding part 302 are attached to
a fixation part 304 via which they can be attached to a portable biometric monitor
body part. In the example disclosed in Figure 11, an indicator 310 indicating
tightness of the strap 300 is included in the strap 300 itself. The strap 300 is
stretchable. A sliding part 302 that is not stretchable, or has different stretching
properties than the stretchable strap 300, is built-in in the stretchable strap 300.
The sliding part 302 is configured in the stretchable strap 300 so that when the
strap 300 stretches, the sliding part 302 remains unstretched. In other words, to
achieve this functionality a cavity may be arranged in the strap 300 for the sliding
part so that the sliding part 302 does not move when the strap 300 is stretched.
The sliding part 302 has been equipped with one or more patterns, i.e. indicators
310, to indicate the tightness of the strap. When the strap is pulled (i.e. when a
user fastens the portable biometric monitor comprising the strap, for example, onto
his wrist and tightens the strap), the strap stretches and an indicator hole 308
moves in relation to the non-stretchable sliding part 302. A pattern indicating the
tightness of the strap 300 is then visible via the hole 308.

In another example of Figure 11, the strap 300 is a stretchable strap comprising a
sliding part 302 built-in in the stretchable strap 300. The sliding part 302, however,
is stretchable but less stretchable than the stretchable strap 300. In other words,
when the strap 300 is pulled (i.e. when a user fastens the portable biometric
monitor comprising the strap, for example, onto his wrist and tightens the strap),
the strap 300 stretches, and at the same time, also the sliding part 302 stretches
but less than the strap 300. An indicator hole 308 arranged in the strap 300 moves
in relation to the sliding part 302, and an indicator 310 is visible through the
indicator hole 308. Figure 4 discloses a strap 400 for a portable biometric monitor
according to one example. As in the example of Figure 11, the strap 400 of the
example of Figure 12 is stretchable.
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The strap 400 has been specially configured so that when the strap 400 is
stretched, it shows a meter 404 showing the tension level of the strap 400. The
strap 400 may include a numerical scale 402 or some other type of a scale or
pattern to provide information about the tension/tightness of the strap 400. The
meter 404 can be achieved, for example, by a special knitting of the strap 400
wholly or partially. When the strap 400 is stretched, the special knitting enables the
meter 404 to be seen indicating the tension/tightness of the strap 400.

A benefit of the examples disclosed in Figures 8-12 is that the guided adjustment
of tightness of the strap enables the use of the portable biometric monitor in
various operating situations. Moreover, the solution enables optimal strap
tightness and avoids excessive loosening or tightening. Furthermore, the disclosed
solution also takes into account physiological variations between individuals.
Furthermore, the examples disclosed in Figures 8-12 are also advantageous
when measuring pulse with biometric monitors that use optical pulse measurement
techniques since undesired movements of the device may cause disturbances in
the measurements. With the disclosed examples it is possible to ensure optimal
strap tightness of the strap.

Next the embodiments will be described with a reference to an exemplary
implementation of a biometric monitor and a wrist strap.

Examples

The Figures 1A and 1B illustrate an exemplary embodiment of a biometric monitor
10 having an optical sensor at the bottom of the housing 20. The housing 20 has a
length d of about 32 mm, and a width ¢ of about 26 mm (the spacer elements are
not included). The distance a between the pivot locations between the first end of
the housing and the second end of the housing is about 21.5 mm. The distance
between the center of the pivots 17, 19 in the first end 24 and in the second end
25 of the spacer elements 12, 13, 14, 15 is about 10 mm, the length b of the
spacer elements being about 17 mm. The distance e of a pivot 17 center from an
end 21 of the housing 20 is about 5 mm.

In this example the spacer elements and the pivots are made of steel, and the
housing 20 and the axles 11 are made of plastics. The side plate 38 between the
spacer elements and the buttons 38 embedded therein are made of steel. The
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side plate has curved ends for receiving the corresponding ends 25 of the spacer
elements 12, 13, 14, 15. The side plate is attached by pegs to a metallic
connecting part 39 which also has protruding parts having holes for receiving the
two pivots on the same side of the monitor (Figure 3B). This part anchors most of
the metallic parts enabling the housing to be made of plastics.

The assembly of the monitor is illustrated in Figures 2A and 2B. On the bottom
there is a housing 20 having apertures 30 for receiving the parts of the optical
sensor 31. The parts of the optical sensor are attached to a bottom plate 33. A
gasket 32 prevents a leakage of the light inside the device. The metallic grounding
members 23 are attached to the bottom plate 33 to enable the grounding of the
system. The spring-like grounding parts 23 are arranged to be pressed against the
inner ends of the pivots 16, 17, to enable electrical contact for grounding, as seen
in the Figures 3A and 3B. Above the bottom plate there is a battery 34 and a board
26 containing the electronics. The battery is connected to charging clips 27 at the
bottom of the monitor. The display 35 is located on top of the electronics module
and it is covered by a partly transparent display cover 36, which is the topmost
part of the assembly. In the illustrated example there is also a GPS antenna 28
located near the display 35 below the cover 36.

There is one button 37 at both sides of the monitor. The buttons 37 include a
spring and a metallic lockwasher as fastening means inside the housing 20. The
pivots are fastened using similar lockwashers inside the housing.

The straps 40 illustrated in Figures 4A, 5A, 6A and 7A are made of two stretchable
canvas parts, which are connected by a buckle 43. The buckle has a movable
member 44 and a base member 45 which form a window for the strap. The
movable member has a first extension 47 that allows for controlled loosening of
the buckle 43 by pressing from the side. The movable member has an
intermediate part as a second extension 46 between the two portions of the strap
entering and exiting the buckle to prevent the strap from being moved through the
window by friction when the flexible strap is extending and contracting due to user
body movement.
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Claims

1. A portable biometric monitor (10) comprising a biometric sensor,
wherein the housing (20) of said portable biometric monitor is connected to a strap
(40) for attaching the portable biometric monitor to a user, the strap comprising a
first end (41) and a second end (42), characterized in that

-the strap comprises spacer elements (12, 13, 14, 15) having a first end (24) and a
second end (25),

-the strap being connected from its two sides at the first end (41) and from its two
sides at the second end (42) to two sides at the first end (21) of the housing (20)
and to two sides at the second end (22) of the housing (20) via pivots (16, 17, 18,
19) connected to said spacer elements (12, 13, 14, 15) to allow pivoted movement
of the housing (20), wherein

-the distance (a) of the pivot locations between the first end (21) of the housing
and the second end (22) of the housing (20) is in the range of 10-30 mm, for
example in the range of 20-30 mm,

wherein the pivots (16, 17, 18, 19) on the two sides of the housing (20) are
separate pivots not penetrating through the whole housing.

2. The portable biometric monitor of claim 1, wherein the pivots are
connected to the housing at locations which are at a distance (e) in the range of 3—
10 mm from the end (21, 22) of the housing, for example in the range of 4—6 mm.

3. The portable biometric monitor of any of the preceding claims,
wherein the pivot is non-movable at the housing side.

4. The portable biometric monitor of any of the preceding claims,
wherein the strap is a wrist strap.

5. The portable biometric monitor of any of the preceding claims,
wherein the spacer elements have a length (b) in the range of 10-20 mm, for
example in the range of 15-18 mm.

6. The portable biometric monitor of any of the preceding claims,
wherein the biometric sensor is an optical sensor (31) located on the skin side of
the monitor.
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7. The portable biometric monitor of any of the preceding claims,
wherein the biometric monitor is a heart rate monitor.

8. The portable biometric monitor of any of the preceding claims,
wherein said pivots and spacer elements are made of metal.

9 The portable biometric monitor of any of the preceding claims,
wherein the biometric monitor is grounded to a metallic pivot from inside the
housing.

10. The portable biometric monitor of claim 9, wherein the biometric
monitor is grounded to the metallic pivot via a spring member (23).

11. The portable biometric monitor of any of the preceding claims,
wherein the strap (40) comprises a buckle (43), wherein a movable member (44)
and a base member (45) are arranged to form a window for the strap, pulling the
strap is arranged to close the window by moving the movable member, the
movable member (44) having an intermediate part (46) between the two portions
of the strap (40) arranged to enter and exit the buckle (43) to prevent the strap
from being moved through the window by friction when the flexible strap is
extending and contracting due to user body movement.
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Patenttivaatimukset

1. Kannettava biometrinen monitori (10), joka kasittaa biometrisen antu-
rin, jolloin mainitun kannettavan biometrisen monitorin kotelo (20) on kiinnitetty
hihnaan (40) kannettavan biometrisen monitorin kiinnittamiseksi kayttajaan, joka
hihna kasittdd ensimmaisen paan (41) ja toisen paén (42), tunnettu siita, etta

— hihna kasittéa valikeosia (12, 13, 14, 15), joissa on ensimmainen p&a (24) ja toi-
nen paa (25),

— jolloin hihna on kiinnitetty sen ensimmaisesté paasta (41) kahdelta sivulta ja toi-
sesta paasta (42) kahdelta sivulta kotelon (20) ensimmaisen paan (21) kahdelle
sivulle ja kotelon (20) toisen péaéan (22) kahdelle sivulle mainittuihin vélikeosiin (12,
13, 14, 15) liittyvien niveltappien (16, 17, 18, 19) avulla kotelon (20) saranoidun
liikkeen mahdollistamiseksi, jolloin

— kotelon ensimmaisessa paassa (21) ja kotelon (20) toisessa paassa (22) sijait-
sevien niveltappien valinen etéisyys (a) on 10-30 mm, esimerkiksi 20-30 mm,
jolloin kotelon (20) kahdella sivulla olevat niveltapit (16, 17, 18, 19) ovat erillisia
niveltappeja, jotka eivét ulotu koko kotelon lapi.

2. Patenttivaatimuksen 1 mukainen kannettava biometrinen monitori,
jossa niveltapit on liitetty koteloon kohdissa, jotka ovat etaisyydelld (e) 3—10 mm,
esimerkiksi 4—6 mm, kotelon paasta (21, 22).

3. Jonkin edellisen patenttivaatimuksen mukainen kannettava biometri-
nen monitori, jossa niveltappi on liikkumaton kotelon sivulla.

4. Jonkin edellisen patenttivaatimuksen mukainen kannettava biometri-
nen monitori, jossa hihna on ranneke.

5. Jonkin edellisen patenttivaatimuksen mukainen kannettava biometri-
nen monitori, jossa véalikeosien pituus (b) on 10-20 mm, esimerkiksi 15-18 mm.

6. Jonkin edellisen patenttivaatimuksen mukainen kannettava biometri-
nen monitori, jossa biometrinen anturi on optinen anturi (31), joka on sijoitettu
monitorin ihonpuoleiselle sivulle.

7. Jonkin edellisen patenttivaatimuksen mukainen kannettava biometri-
nen monitori, joka biometrinen monitori on sykemittari.
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8. Jonkin edellisen patenttivaatimuksen mukainen kannettava biometri-
nen monitori, jossa mainitut niveltapit ja valikeosat on valmistettu metallista.

9. Jonkin edellisen patenttivaatimuksen mukainen biometrinen monitori,
joka biometrinen monitori on maadoitettu kotelon sisaltéd metalliseen niveltappiin.

10. Patenttivaatimuksen 9 mukainen kannettava biometrinen monitori,
joka biometrinen monitori on maadoitettu metalliseen niveltappiin jousielimen (23)
valityksella.

11. Jonkin edellisen patenttivaatimuksen mukainen kannettava biometri-
nen monitori, jossa hihna (40) kasittaa soljen (43), jolloin on jarjestetty liikuteltava
elin (44) ja runkoelin (45) muodostamaan hihnaa varten ikkuna, hihnan vetaminen
on jarjestetty sulkemaan ikkuna likuttamalla liikuteltavaa elintd, jossa liikutel-
tavassa elimessé (44) on véliosa (46) hihnan (40) kahden osuuden vélissa, joka
valiosa on jarjestetty tulemaan soljen (43) sis&an ja siitd ulos hihnan estamiseksi
likkumasta ikkunan lapi kitkan vaikutuksesta, kun joustava hihna venyy ja supistuu
kayttajan kehon liikkeiden vaikutuksesta.
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