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(54) USER WEARABLE APPARATUS WITH OPTICAL SENSOR

(57) A user wearable apparatus including an optical
sensor structure configured to optically monitor an area
of a body of a user wearing the apparatus to monitor a
physiological property of the user. Amovement of at least
one part of the optical sensor structure is caused to

change the monitored area of the body of the user and
to determine a desired monitoring area, and thereafter
the monitoring of the physiological property of the user
is maintained at the determined desired monitoring area.
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Description

TECHNICAL FIELD

[0001] The present application generally relates to us-
er wearable sensor apparatuses and especially to optical
sensor arrangements therein.

BACKGROUND

[0002] This section illustrates useful background infor-
mation without admission of any technique described
herein representative of the state of the art.

[0003] Various metering devices such as pulse sen-
sors have become more common for people to measure
their own heart rate, movements or other parameters.
[0004] Pulse or heart rate measurement can be per-
formed using a chest strap that is worn under clothes and
maintains electric cardiac sensor’s sensor in place on
the skin of the user so that heart beat can be computed
from the signals produced by the sensor. Another alter-
native is a wrist worn watch-like pulse sensor, often com-
bined with accelerometers for acting as pedometer.
[0005] In wrist worn sensors, heart rate can be moni-
tored for example optically. Optical heart rate measure-
ment requires that the sensor is kept very stably on the
wrist during the measurement. However, a wrist strap
cannot be kepttoo tight, because itwould be inconvenient
/ unpleasant for the user and might even stop or deteri-
orate blood circulation in small vessels thereby causing
the measurement signal to disappear. As you need to be
moderate with tightening, the device will basically always
move a bit and the measurement is affected.

SUMMARY

[0006] Various aspects of examples of the invention
are set out in the claims.

[0007] According to a first example aspect of the
present invention, there is provided a user wearable ap-
paratus comprising:

an optical sensor structure configured to optically
monitor an area of a body of a user wearing the ap-
paratus to monitor a physiological property of the
user, and

a processor configured

to cause movement of at least one part of the optical
sensor structure to change the monitored area of the
body of the user and to determine a desired moni-
toring area, and

to maintain the monitoring of the physiological prop-
erty of the user at the determined desired monitoring
area.

[0008] In an embodiment, the optical sensor structure
comprises a light source configured to illuminate an area
of the body of the user wearing the apparatus, and a

10

15

20

25

30

35

40

45

50

55

detector configured to detect light rays reflected from the
body of the user to monitor the physiological property of
the user.

[0009] Inanembodiment, the movement of the at least
one part of the optical sensor structure causes changes
in optical path of light rays used in the optical sensor
structure.

[0010] Inanembodiment, the movement of the at least
one part of the optical sensor structure comprises move-
ment of the whole optical sensor structure.

[0011] In an embodiment, the optical sensor structure
comprises an actuator configured to move the at least
one part of the optical sensor structure, and wherein the
processor is configured to control the actuator to move
the at least one part of the optical sensor structure.
[0012] In an embodiment, the at least one part of the
optical sensor structure is moved laterally in relation to
optical axis of the optical sensor structure.

[0013] Inanembodiment, the movement of the at least
one part of the optical sensor structure is movement of
an internal structure of the at least one part of the optical
sensor structure.

[0014] In an embodiment, the optical sensor structure
comprises an optical emitter and emitter optics; and an
optical detector and detector optics; and the actuator is
configured to move at least one of: the optical emitter,
the emitter optics, the optical detector, and the detector
optics.

[0015] In an embodiment, the actuator is a stabilizer
comprised in or operatively connected to a movable part
of the optical sensor structure.

[0016] In an embodiment, the processor is configured
to cause movement of the at least one part of the optical
sensor structure to compensate for movements of the
user wearable apparatus and to maintain the monitoring
of the physiological property of the user at the determined
desired monitoring area.

[0017] Inanembodiment, the user wearable apparatus
further comprises a motion detection sensor configured
to detect movements of the user wearable apparatus in
relation to the body of the user, and the processor is
configured to determine, based on movements detected
by the motion detection sensor, movement required for
the at least one part of the optical sensor structure to
compensate for the movements of the user wearable ap-
paratus.

[0018] Inan embodiment, the desired monitoring area
is an area that fulfills certain predefined criteria.

[0019] Inanembodiment, the physiological property is
heart rate.
[0020] In an embodiment, the apparatus is one of: a

wrist strap, an ankle strap, a device configured to be in-
tegrated into a garment of a user.

[0021] According to a second example aspect of the
presentinvention, there is provided a method comprising:

using an optical sensor structure to optically monitor
an area of a body of a user wearing a user wearable
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apparatus to monitor a physiological property of the
user,

moving at least one part of the optical sensor struc-
ture to change the monitored area of the body of the
user and to determine a desired monitoring area, and
maintaining the monitoring of the physiological prop-
erty of the user at the determined desired monitoring
area.

[0022] In an embodiment, the method comprises mov-
ing the at least one part of the optical sensor structure to
compensate for movements of the user wearable appa-
ratus and to maintain the monitoring of the physiological
property of the user at the determined desired monitoring
area.

[0023] Inan embodiment, the method further compris-
es detecting movements of the user wearable apparatus
inrelation to the body of the user, and determining, based
on movements detected, movements required for the at
least one part of the optical sensor structure to compen-
sate for the movements of the user wearable apparatus.
[0024] According to a third example aspect of the
present invention, there is provided a computer program
comprising computer executable program code config-
ured to control a wearable device, when the computer
executable program code is executed, to perform the
method of the second aspect.

[0025] The computer program may be stored ina com-
puter readable memory medium. The memory medium
may be a non-transitory memory medium.

[0026] Any foregoing memory medium may comprise
a digital data storage such as a data disc or diskette,
optical storage, magnetic storage, holographic storage,
opto-magnetic storage, phase-change memory, resistive
random access memory, magnetic random access mem-
ory, solid-electrolyte memory, ferroelectric random ac-
cess memory, organic memory or polymer memory. The
memory medium may be formed into a device without
other substantial functions than storing memory or it may
be formed as part of a device with other functions, includ-
ing but not limited to a memory of a computer, a chip set,
and a sub assembly of an electronic device.

[0027] Different non-binding example aspects and em-
bodiments of the present invention have been illustrated
in the foregoing. The embodiments in the foregoing are
used merely to explain selected aspects or steps that
may be utilized in implementations of the present inven-
tion. Some embodiments may be presented only with
reference to certain example aspects of the invention. It
should be appreciated that corresponding embodiments
may apply to other example aspects as well.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Fora more complete understanding of example
embodiments of the present invention, reference is now
made to the following descriptions taken in connection
with the accompanying drawings in which:
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Fig. 1is a simplified illustration of an example optical
heart rate measurement;

Figs. 2A and 2B show schematic drawings of appa-
ratuses of example embodiments;

Fig. 3A, 3B and 3C show schematic drawings of ap-
paratuses of example embodiments;

Fig. 4 illustrates operation principle of an example
embodiment;

Fig. 5 shows a block diagram of an apparatus of an
example embodiment;

Fig. 6 shows a flow chart of a process of an example
embodiment; and

Fig. 7 shows a flow chart of a process of another
example embodiment.

DETAILED DESCRIPTION OF THE DRAWINGS

[0029] Example embodiments of the present invention
and its potential advantages are understood by referring
to Figs. 1 through 6 of the drawings. In this document,
like reference signs denote like parts or steps.

[0030] Inthe following, various example embodiments
are discussed in connection with heart rate monitoring.
Various embodiments are however not necessarily lim-
ited to heart rate monitoring only. Instead some other
physiological condition can be monitored instead or in
addition to heart rate monitoring. Physiological condi-
tions may include one or more of the following: heartrate,
blood pressure, and CO2 (carbon dioxide) level. Also oth-
er physiological condition measurements may apply.
[0031] Heartrate can be monitored optically by meas-
uring variations in blood volume with a PPG (Photop-
lethymography) sensor. Fig. 1 is a simplified illustration
of an example optical heart rate measurement. Fig. 1
shows a simple reflective type PPG sensor that compris-
es a LED (light emitting diode) 101 and a photo diode
(light detector) 102. The LED (optical emitter, light
source) 101 emits light and the detector 102 receives
lightrays reflected from a wrist 103 of a user. Such optical
heart rate measurement requires that the sensor is kept
very stably on the wrist during the measurement. How-
ever, a wrist strap cannot be kept too tight, because it
would beinconvenient/unpleasant for the user and might
even stop or deteriorate blood circulation in small vessels
thereby causing the measurement signal to disappear.
As you need to be moderate with tightening, the device
will basically always move a bit and the measurement is
affected.

[0032] Inanembodiment of the invention, a monitoring
apparatus (such as a heart rate monitoring device) is
arranged to alter or change optical path of light rays used
in an optical sensor structure before the light rays hit a
detector element of the optical sensor structure. In an
embodiment, the changes in the optical path are caused
by moving part of the optical sensor structure (without
moving the whole apparatus). In general, the optical sen-
sor structure of such monitoring apparatus comprises a
light source configured to illuminate an area of the body
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of the user wearing the apparatus, and a detector con-
figured to detect light rays reflected from the body of the
user to monitor the physiological property of the user.
[0033] The monitoring apparatus monitors a certain ar-
ea of a body of a user. In an embodiment, at least one
(internal) part of the optical sensor structure is moved to
different positions to find a desired monitoring area. The
movements are internal movements that do not move
the whole monitoring apparatus. In an embodiment, the
optical path of light rays used in the optical sensor struc-
ture is changed to find a desired monitoring area. The
desired monitoring area may for example fulfill certain
predefined criteria and/or be an optimal monitoring area.
In an example, an area where the measured signal is
strongest or where the signal exceeds certain threshold
value is searched for. The threshold may be for example
such that exceeding the threshold fulfills quality require-
ments set for the measurement. When the desired mon-
itoring area has been found, the measurements are
locked to that area. Thereafter changes in optical path
of light rays used in the optical sensor structure and/or
internal movements of internal part(s) of the optical sen-
sor structure may be used to compensate for movements
of the monitoring apparatus in relation to the body of the
user. In this way the measurements can be maintained
at the desired monitoring area. This may improve the
monitoring result.

[0034] The part of the optical sensor structure that is
moved may be the detector, the optical elements of the
sensor structure, or the light source elements of the sen-
sor structure, or some other part whose movement alters
the optical path of light rays used in the optical sensor
structure. In an embodiment the whole optical sensor
structure is moved to change the monitoring area.
[0035] There may be for example an actuator that
causes the movements of the movable part of the optical
sensor structure. The actuator may be a stabilizer com-
prised in or integrated into the part that is moved. The
actuator may be an electromagnetic voice coil or a pie-
zoelectric actuator, for example.

[0036] Figs. 2A and 2B show schematic drawings of
apparatuses of example embodiments. The apparatus
is a user wearable device that comprises a strap 202 that
can be fitted around a wrist 201 of a user and a body 203.
[0037] In Fig 2A, the body 203 comprises an optical
sensor structure comprising an optical emitter 210, emit-
ter optics 212, detector 213 and detector optics 214. The
optical sensor structure is configured to produce sensor
signals corresponding to a property of the skin or under-
lying matter (capillaries and veins, for example). In the
example of Fig. 2A the detector optics 214 comprises or
is operatively connected to an actuator that is configured
to move the detector optics 214 within the body 203 and
the optical sensor structure. In an example one may de-
fine that the actuator causes the detector optics to move
perpendicularly in relation to an optical axis of the detec-
tor optics to cause a change in optical path of light rays
in the optical sensor structure. If the optical axis of the
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detector optics is denoted as z direction in three dimen-
sional coordinates, the detector optics may move in x
and y directions. In an example one may define that the
actuator causes the detector optics to move laterally in
relation to skin of the user wearing the apparatus to cause
a change in optical path of light rays in the optical sensor
structure. In an example embodiment the movement of
the detector optics 214 is a movement within the detector
optics, i.e. an internal movement of the movable compo-
nent. For example if the detector optics comprises a
shape-changing prism, the movement may be tilting of
glass plates of the shape-changing prism.

[0038] Furthermore the body 203 comprises a motion
detector 215. In addition, the body comprises a processor
or some other processing unit (not shown) that is config-
ured to control functionalities of the body and the optical
sensor structure. The processor may process measure-
ment values or sensor signals received from the motion
detector and the optical sensor structure, and control the
optical sensor structure accordingly. The processor may
for example determine desired monitoring area for the
optical sensor structure and/or maintain monitoring at the
desired monitoring area. The processor may cause the
actuator to move the detector optics to change monitoring
area of the optical sensor structure in order to determine
the desired monitoring area. Additionally, the processor
may cause the actuator to move the detector optics to
compensate for movements of the apparatus in order to
maintain the monitoring at the desired monitoring area.
[0039] In an example embodiment the detector optics
operates as an optical stabilizer in front of the detector
213. The detector optics/optical stabilizer may be any
suitable lens element or a shape-changing prism, for ex-
ample.

[0040] In Fig 2B, the body 203 comprises an optical
sensor structure comprising an optical emitter 210, emit-
ter optics 222, detector 213 and detector optics 314. The
optical sensor structure is configured to produce sensor
signals corresponding to a property of the skin or under-
lying matter (capillaries and veins, for example). In the
example of Fig. 2B the emitter optics 222 comprises or
is operatively connected to an actuator that is configured
to move the emitter optics 222 within the body 203 and
the optical sensor structure. In an example one may de-
fine that the actuator causes the emitter optics to move
perpendicularly in relation to an optical axis of the emitter
optics to cause a change in optical path of light rays in
the optical sensor structure. If the optical axis of the emit-
ter optics is denoted as z direction in three dimensional
coordinates, the emitter optics may move in x and y di-
rections. In an example one may define that the actuator
causes the emitter optics to move laterally in relation to
skin of the user wearing the apparatus to cause a change
in optical path of light rays in the optical sensor structure.
In an example embodiment the movement of the emitter
optics 222 is a movement within the emitter optics. For
example if the emitter optics comprises a shape-chang-
ing prism, the movement may be tilting of glass plates of



7 EP 3 064 128 A1 8

the shape-changing prism.

[0041] Furthermore the body 203 comprises a motion
detector 215. In addition, the body comprises a processor
or some other processing unit (not shown) that is config-
ured to control functionalities of the body and the optical
sensor structure. The processor may process measure-
ment values or sensor signals received from the motion
detector and the optical sensor structure, and control the
optical sensor structure accordingly. The processor may
for example determine desired monitoring area for the
optical sensor structure and/or maintain monitoring atthe
desired monitoring area. The processor may cause the
actuator to move the emitter optics to change monitoring
area of the optical sensor structure in order to determine
the desired monitoring area. Additionally, the processor
may cause the actuator to move the emitter optics to
compensate for movements of the apparatus in order to
maintain the monitoring at the desired monitoring area.

[0042] In an example embodiment the emitter optics
operates as an optical stabilizer in front of the emitter
210. The emitter optics/optical stabilizer may be any suit-
able lens element or a shape-changing prism, for exam-
ple.

[0043] Figs. 3A, 3B and 3C show schematic drawings
of apparatuses of example embodiments. The apparatus
is a user wearable device that comprises a strap 202 that
can be fitted around a wrist 201 of a user and a body 203.
[0044] In Fig 3A, the body 203 comprises an optical
sensor structure comprising an optical emitter 210, emit-
ter optics 212, detector 313 and detector optics 314. The
optical sensor structure is configured to produce sensor
signals corresponding to a property of the skin or under-
lying matter (capillaries and veins, for example). In the
example of Fig. 3 the detector 313 comprises or is oper-
atively connected to an actuator that is configured to
move the detector 313 within the body 203 and the optical
sensor structure. In an example one may define that the
actuator causes the detector to move perpendicularly in
relation to an optical axis of the optical sensor structure.
If the optical axis of the optical sensor structure is denoted
as z direction in three dimensional coordinates, the de-
tector 313 may move in x and y directions. In an example
one may define that the actuator causes the detector 313
to move laterally in relation to skin of the user wearing
the apparatus. Moving the detector 313 changes the
place / spot of the user’s skin from where reflected light
rays are detected by the sensor structure.

[0045] Furthermore the body 203 comprises a motion
detector 215. In addition, the body comprises a processor
or some other processing unit (not shown) that is config-
ured to control functionalities of the body and the optical
sensor structure. The processor may process measure-
ment values or sensor signals received from the motion
detector and the optical sensor structure, and control the
optical sensor structure accordingly. The processor may
for example determine desired monitoring area for the
optical sensor structure and/or maintain monitoring atthe
desired monitoring area. The processor may cause the
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actuator to move the detector to change monitoring area
of the optical sensor structure in order to determine the
desired monitoring area. Additionally, the processor may
cause the actuator to move the detector to compensate
for movements of the apparatus in order to maintain the
monitoring at the desired monitoring area.

[0046] In Fig 3B, the body 203 comprises an optical
sensor structure comprising an optical emitter 310, emit-
ter optics 212, detector 213 and detector optics 314. The
optical sensor structure is configured to produce sensor
signals corresponding to a property of the skin or under-
lying matter (capillaries and veins, for example). In the
example of Fig. 3B the optical emitter 310 comprises or
is operatively connected to an actuator that is configured
to move the optical emitter 310 within the body 203 and
the optical sensor structure. In an example one may de-
fine that the actuator causes the optical emitter to move
perpendicularly in relation to an optical axis of the optical
sensor structure. If the optical axis of the optical sensor
structure is denoted as z direction in three dimensional
coordinates, the optical emitter 310 may move in x and
y directions. In an example one may define that the ac-
tuator causes the optical emitter 310 to move laterally in
relation to skin of the user wearing the apparatus. Moving
the optical emitter 310 changes the place / spot of the
user’s skin from where reflected light rays are detected
by the sensor structure.

[0047] Furthermore the body 203 comprises a motion
detector 215. In addition, the body comprises a processor
or some other processing unit (not shown) that is config-
ured to control functionalities of the body and the optical
sensor structure. The processor may process measure-
ment values or sensor signals received from the motion
detector and the optical sensor structure, and control the
optical sensor structure accordingly. The processor may
for example determine desired monitoring area for the
optical sensor structure and/or maintain monitoring at the
desired monitoring area. The processor may cause the
actuator to move the optical emitter 310 to change mon-
itoring area of the optical sensor structure in order to de-
termine the desired monitoring area. Additionally, the
processor may cause the actuator to move the optical
emitter 310 to compensate for movements of the appa-
ratus in order to maintain the monitoring at the desired
monitoring area.

[0048] In Fig 3C, the body 203 comprises an optical
sensor structure 355 comprising an optical emitter 210,
emitter optics 212, detector 213 and detector optics 314.
The optical sensor structure is configured to produce sen-
sor signals corresponding to a property of the skin or
underlying matter (capillaries and veins, for example). In
the example of Fig. 3C the optical sensor structure 355
comprises or is operatively connected to an actuator that
is configured to move the optical sensor structure 355
within the body 203. In an example one may define that
the actuator causes the optical sensor structure 355 to
move perpendicularly in relation to an optical axis of the
optical sensor structure. If the optical axis of the optical
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sensor structure is denoted as z direction in three dimen-
sional coordinates, the optical sensor structure 355 may
move in x and y directions. In an example one may define
that the actuator causes the optical sensor structure 355
to move laterally in relation to skin of the user wearing
the apparatus.

[0049] Furthermore the body 203 comprises a motion
detector 215. In addition, the body comprises a processor
or some other processing unit (not shown) that is config-
ured to control functionalities of the body and the optical
sensor structure. The processor may process measure-
ment values or sensor signals received from the motion
detector and the optical sensor structure, and control the
optical sensor structure accordingly. The processor may
for example determine desired monitoring area for the
optical sensor structure and/or maintain monitoring atthe
desired monitoring area. The processor may cause the
actuator to move the optical sensor structure 355 to
change monitoring area of the optical sensor structure in
order to determine the desired monitoring area. Addition-
ally, the processor may cause the actuator to move the
optical sensor structure 355 to compensate for move-
ments of the apparatus in order to maintain the monitoring
at the desired monitoring area.

[0050] Figs.2A-3B show examples where the movable
part of the optical sensor structure is the detector or the
detector optics or alternatively the optical emitter or emit-
ter optics. Also some other part may be moved to cause
changesin monitoring area of the optical sensor structure
and/or to change the optical path of the optical sensor
structure. The movement of the movable part may be a
lateral movement or an internal movement inside the
movable part.

[0051] Itis noted thatthe apparatus of Figs. 2A-3C may
be shaped like a watch and it may be configured to display
time or other useful information to the user. The body
203 of the apparatus may be made of any of metals;
plastics; carbon fiber materials; glass; wood; ceramics;
and any combination or composition thereof. The body
203 ofthe apparatus can be formed roughly as a concave
block or unit or as a block or unit with a cut-out on one
side thereof. The strap 202 may be made of suitable flex-
ible or bendable material, such as plastic, fabric, and
leather. In an example embodiment, the strap 202 and
the body 203 are integrally formed of one piece of mate-
rial. The material can comprise or consist of any of the
following: plastics, metals, nano-fibers, carbon fiber,
leather, and glass.

[0052] Figs. 2A-3C show a wrist strap as an example
apparatus. Alternatively an apparatus according to ex-
ample embodiments of the invention may be some other
device that is wearable by a user. The apparatus may be
adevice thatis configured to be integrated into a garment
of a user. The device may be attached or integrated for
example to a belt, a sock, a shoe, a sleeve or a collar of
a shirt or pullover, and/or a waistband of trousers or skirt.
The device may be detachable from the garment.
[0053] Fig. 4 illustrates operation principle of an exam-

10

15

20

25

30

35

40

45

50

55

ple embodiment. The shown example is based on the
apparatus of Fig. 2 where the detector optics 214 is mov-
able.

[0054] Inheartrate monitoring the optical sensor struc-
ture works as follows: the optical emitter 210 (e.g. a LED)
illuminates certain area 401 of a wrist of a user. The ap-
paratus (e.g. a processor therein) studies the volume of
changes of blood vessels 402, 403. The detector 213
receives light rays 406 reflected from the wrist. If the ap-
paratus moves in relation to the wrist, the reflected light
rays come to the detector 213 from different area than
earlier. This causes discontinuity and stops the meas-
urement for a certain period. If the movement happens
constantly, the apparatus is unable to perform the mon-
itoring at all. This problem is removed by moving the de-
tector optics and by thereby changing the optical path of
the light rays. In the shown example, the apparatus
moves in the direction of arrow 411. The movement is
detected by the motion detector 215 and in order to com-
pensate for the movement the detector optics 214 are
caused to move in the direction of arrow 412 so that light
rays from the same area, that was previously monitored,
are folded to the detector. In this way light rays from the
desired area (e.g. the most optimum area) are guided to
the detector 213 regardless of the apparatus movement.
[0055] Fig. 5 shows a block diagram of the apparatus
500 of an example embodiment, for helping understand-
ing of various processing and control related aspects.
The apparatus 500 can be suited for use as the apparatus
of Figs. 2 and 3.

[0056] The apparatus 500 comprises a radio unit 550,
a processor 540 coupled to the radio unit 550, and a
memory 560 coupled to the processor 540. The appara-
tus further comprises a motion detector 590, a physio-
logical sensor 510, and a user interface (U/I) unit 520,
such as a touch sensitive display, which are coupled to
the processor 540.

[0057] The memory 560 comprises a work memory
and a non-volatile memory such as a read-only memory,
flash memory, optical or magnetic memory. In the mem-
ory 560, typically atleast initially in the non-volatile mem-
ory, there is stored software 570 operable to be loaded
into and executed by the processor 540. The software
570 may comprise one or more software modules and
can be in the form of a computer program product that
is software stored in a memory medium.

[0058] The radio unit550 is configured to provide com-
munications to other devices or communication networks
over one or more links. The links may be wired and/or
wireless links. The communication interface 550 may fur-
ther or alternatively implement telecommunication links
suited for establishing links with other users or for data
transfer, e.g. using the Internet. Such telecommunication
links may be links using any of: wireless local area net-
work links, Bluetooth, ultra-wideband, cellular or satellite
communication links.

[0059] The motion detector 590 is configured to detect
movements of the apparatus 500 in relation to the body
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of the user. The motion detector may be for example an
optical sensor or an accelerometer.

[0060] The physiological sensor 510 is an optical sen-
sor that is configured to monitor certain physiological
property of a user wearing the apparatus 500. The phys-
iological sensor 510 comprises an actuator 530 that is
operable to move one or more internal parts or compo-
nents of the physiological sensor 510. The movement
caused by the actuator 510 may alter optical path of light
rays used in the physiological sensor 510. The actuator
530 may move the part of the physiological sensor 510
without moving the whole sensor element 510. Alterna-
tively, the actuator may move the whole sensor element
510 without moving the apparatus 500. The internal parts
of the physiological sensor are not shown in Fig 5 for the
sake of clarity.

[0061] The processor 540 is, for instance, a central
processing unit (CPU), a microprocessor, a digital signal
processor (DSP), a graphics processing unit, an appli-
cation specific integrated circuit (ASIC), a field program-
mable gate array, a microcontroller or a combination of
such elements. In an example embodiment the processor
is configured, in response to signals received from the
motion detector 590 and/or the physiological sensor 510
to control the actuator 530 of the physiological sensor to
move one or more internal parts of the physiological sen-
sor 510 for example to alter optical path of light rays used
in the physiological sensor 510. In an example embodi-
ment the processor is configured to control the actuator
530 of the physiological sensor to move one or more
internal parts of the physiological sensor 510 to change
the monitored area of a body of a user of the apparatus
500 in order to determine a desired monitoring area. In
an example embodiment the processor is configured to
determine, based on movements detected by the motion
detection sensor, movements required for internal parts
of the physiological sensor 510 and/or changes required
in the optical path of light rays used in the physiological
sensor 510 to compensate for the movements of the ap-
paratus 500.

[0062] A skilled person appreciates that in addition to
the elements shown in Fig. 5, the apparatus 500 may
comprise other elements, such as microphones, dis-
plays, and batteries.

[0063] It shall be understood that any coupling in this
document refers to functional or operational coupling;
there may be intervening components or circuitries in be-
tween coupled elements unless expressly otherwise de-
scribed.

[0064] Fig. 6 shows a flow chart of a process of an
example embodiment. The process comprises: 610 mov-
ing an internal part of a sensor structure to change meas-
urementarea of the sensor structure (e.g. an optical com-
ponent, detector component, light source component or
a suitable combination thereof may be moved); 620 de-
termining desired measurement area (e.g. an area that
fulfills certain predefined criteria, an area where one de-
tects most optimal blood vessels for heart rate monitor-
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ing, or an area that exhibits strongest signal); 630 starting
measurement at the desired measurement area (com-
prising for example locking the measurement to the de-
sired area); and 640 compensating for movements of the
apparatus by moving the at least one internal part of the
sensor structure to maintain the measurement at the de-
sired measurement area. In an example embodiment the
whole sensor structure may be moved inside the appa-
ratus to change the measurement area of the sensor
structure or to compensate for the movements of the ap-
paratus.

[0065] Fig. 7 shows a flow chart of a process of an
example embodiment. The process comprises: 710
changing optical path of light rays to change measure-
ment area of a sensor structure; 620 determining desired
measurement area (e.g. an area that fulfills certain pre-
defined criteria, an area where one detects most optimal
blood vessels for heart rate monitoring, or an area that
exhibits strongest signal); 630 starting measurement at
the desired measurement area (comprising for example
locking the measurement to the desired area); and 740
compensating formovements of the apparatus by chang-
ing optical path of light rays to maintain the measurement
at the desired measurement area.

[0066] Without in any way limiting the scope, interpre-
tation, or application of the claims appearing below, a
technical effect of one or more of the example embodi-
ments disclosed herein is that optical monitoring of phys-
iological properties, such as heart rate, is improved. For
example reliability of the monitoring is enhanced. Another
technical effect of one or more of the example embodi-
ments disclosed herein is that signal quality is improved
as amonitoring area fulfilling predefined criteria ora mon-
itoring area providing the best results is searched for be-
fore starting the monitoring. Another technical effect of
one or more of the example embodiments disclosed
herein is that the apparatus may be allowed to move with-
out disturbing or stopping the monitoring process. Anoth-
er technical effect of one or more of the example embod-
iments disclosed herein is that there is no need for elec-
trical stabilization or compensation or other processing
of results performed on the detected signals as the move-
ments of the apparatus are compensated for before the
light rays hit the detector.

[0067] If desired, the different functions discussed
herein may be performed in a different order and/or con-
currently with each other. Furthermore, if desired, one or
more of the before-described functions may be optional
or may be combined.

[0068] Although various aspects of the invention are
set out in the independent claims, other aspects of the
invention comprise other combinations of features from
the described embodiments and/or the dependent claims
with the features of the independent claims, and not sole-
ly the combinations explicitly set out in the claims.
[0069] It is also noted herein that while the foregoing
describes example embodiments of the invention, these
descriptions should not be viewed in a limiting sense.
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Rather, there are several variations and modifications
which may be made without departing from the scope of
the presentinvention as defined in the appended claims.

Claims

1.

A user wearable apparatus; comprising:

an optical sensor structure configured to optical-
ly monitor an area of a body of a user wearing
the apparatus to monitor a physiological prop-
erty of the user, and

a processor configured

to cause movement of at least one part of the
optical sensor structure to change the monitored
area of the body of the user and to determine a
desired monitoring area, and

to maintain the monitoring of the physiological
property of the user at the determined desired
monitoring area.

The user wearable apparatus of claim 1, wherein the
optical sensor structure comprises

a light source configured to illuminate an area of the
body of the user wearing the apparatus, and

a detector configured to detect light rays reflected
from the body of the user to monitor the physiological
property of the user.

The userwearable apparatus of claim 1 or 2, wherein
the movement of the at least one part of the optical
sensor structure causes changes in optical path of
light rays used in the optical sensor structure.

The user wearable apparatus of any preceding
claim, wherein the movement of the at least one part
of the optical sensor structure comprises movement
of the whole optical sensor structure.

The user wearable apparatus of any preceding
claim, wherein the optical sensor structure compris-
es an actuator configured to move the at least one
part of the optical sensor structure, and wherein the
processor is configured to control the actuator to
move the at least one part of the optical sensor struc-
ture.

The user wearable apparatus of any preceding
claim, wherein the at least one part of the optical
sensor structure is moved laterally in relation to op-
tical axis of the optical sensor structure.

The user wearable apparatus of any preceding
claim, wherein the movement of the at least one part
of the optical sensor structure is movement of an
internal structure of the at least one part of the optical
sensor structure.
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8.

10.

1.

12.

13.

14.

15.

The user wearable apparatus of any one of claims
5-7, wherein the optical sensor structure comprises
an optical emitter and emitter optics; and an optical
detector and detector optics; and wherein

the actuator is configured to move at least one of:
the optical emitter, the emitter optics, the optical de-
tector, and the detector optics..

The user wearable apparatus of any one of claims
5-8, wherein the actuator is a stabilizer comprised in
or operatively connected to a movable part of the
optical sensor structure.

The user wearable apparatus of any preceding
claim, wherein the processor is configured to cause
movement of the at least one part of the optical sen-
sor structure to compensate for movements of the
user wearable apparatus and to maintain the moni-
toring of the physiological property of the user at the
determined desired monitoring area.

The user wearable apparatus of claim 10, further
comprising

a motion detection sensor configured to detect
movements of the user wearable apparatus in rela-
tion to the body of the user, wherein

the processor is configured to determine, based on
movements detected by the motion detection sen-
sor, movement required for the at least one part of
the optical sensor structure to compensate for the
movements of the user wearable apparatus.

The user wearable apparatus of any preceding
claim, wherein the desired monitoring areais an area
that fulfills certain predefined criteria.

The user wearable apparatus of any preceding
claim, wherein the physiological property is heart
rate.

The user wearable apparatus of any preceding
claim, wherein the apparatus is one of: a wrist strap,
an ankle strap, a device configured to be integrated
into a garment of a user.

A method comprising:

using an optical sensor structure to optically
monitor an area of a body of a user wearing a
user wearable apparatus to monitor a physio-
logical property of the user,

moving at least one part of the optical sensor
structure to change the monitored area of the
body ofthe user and to determine a desired mon-
itoring area, and

maintaining the monitoring of the physiological
property of the user at the determined desired
monitoring area.



EP 3 064 128 A1

103

Fig. 1



EP 3 064 128 A1

202
201

Fig. 2A

202

201

Fig. 2B

10



EP 3 064 128 A1

203
215

313 210

314 I 212
T [ ] |
"“-o\t\g-’ %//o -

202
201

Fig. 3A

201
Fig. 3B

11



EP 3 064 128 A1

202

201
Fig. 3C

12



EP 3 064 128 A1

215

210
212

405

Fig. 4
500 510
= .
RADIO PHYSIOLOGICAL
£50 L d SENSOR
540
// ACTUATOR
MEM
| o CPU I \\
560/i yy 530
570
MOTION
P U/l DETECTOR
520 590/V

Fig. 5

13




EP 3 064 128 A1

Move at least one internal part of a
sensor structure to change measurement
area of the sensor structure

610

v

Determine desired measurement area

v

Start measurement at the desired
measurement area

630

v

Compensate for movements of the
apparatus by moving the at least one
internal part of the sensor structure to

maintain the measurement at the desired
measurement area

LR R R

640

Fig. 6

Change optical path of light rays to
change measurement area of a sensor
structure

710

v

Determine desired measurement area

v

Start measurement at the desired
measurement area

630

v

Compensate for movements of the
apparatus by changing optical path of
light rays to maintain the measurement at
the desired measurement area

740

R

Fig. 7

14



10

15

20

25

30

35

40

45

50

55

EP 3 064 128 A1

9

des

Européisches
Patentamt

European
Patent Office

Office européen

brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 15 15 7297

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X US 2014/275854 Al (VENKATRAMAN SUBRAMANIAM|1-15 INV.
[US] ET AL) 18 September 2014 (2014-09-18) A61B5/024
* paragraph [0250] * A61B5/1455
A US 5 238 000 A (NIWA MINORU [JP]) 1-15 ADD.
24 August 1993 (1993-08-24) A61B5/00
* column 5, lines 23-51 *
A US 2015/038853 Al (PEKONEN ELIAS [FI]) 1-15
5 February 2015 (2015-02-05)
* paragraph [0027] *
A WO 2006/067690 A2 (PHILIPS INTELLECTUAL 1-15

PROPERTY [DE]; KONINKL PHILIPS ELECTRONICS
NV [NL) 29 June 2006 (2006-06-29)
* page 3, lines 8-27 *

The present search report has been drawn up for all claims

TECHNICAL FIELDS
SEARCHED (IPC)

A61B

Place of search Date of completion of the search

Munich 19 August 2015

Examiner

Aronsson, Fredrik

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

P : intermediate document document

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

15




EP 3 064 128 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 15 15 7297

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

19-08-2015
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2014275854 Al 18-09-2014 US 2014275854 Al 18-09-2014
US 2014276119 Al 18-09-2014
US 2014288436 Al 25-09-2014
US 2014288438 Al 25-09-2014
US 2015196256 Al 16-07-2015
US 5238000 A 24-08-1993 JP 2524278 Y2 29-01-1997
JP HO451908 U 01-05-1992
us 5238000 A 24-08-1993
US 2015038853 Al 05-02-2015 EP 2822463 A2 14-01-2015
US 2015038853 Al 05-02-2015
WO 2013132147 A2 12-09-2013
W0 2006067690 A2 29-06-2006  NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

16




patsnap

TRBR(F) EEARERBENAFLTZRRE
DF(RE)F EP3064128A1 DF(E)A 2016-09-07
RiES EP2015157297 RiEHR 2015-03-03

FRIRE(FRR)AGE) BHELERERAT
BE(ERRN)AGE) NOKIA TECHNOLOGIES OY
HHTEHE (TR A(E) NOKIA TECHNOLOGIES OY

[FRIRBAA ROUVINEN JARKKO
KOSONEN MATTI

RAAN ROUVINEN, JARKKO
KOSONEN, MATTI

IPCH#%E A61B5/024 A61B5/1455 A61B5/00

REHAI(F) BETAF

H AT SR EP3064128B1

ShER4EE Espacenet

WE(E) 203
PP TS B M B 0 S W L R I SR WL P B 2 TR P ¢/

PERG PR P B9 B ) — N KIRO SE4 BER RO G5 1, KL BB HITR Y
EH— AP HE T 3R AR 5 E A SR M X35 | T T TR
B IS X B, | 3 B SS %R P A A B 1 1 M T A T AT SR M T i 212
ER SR, : ‘

202

201

Fig. 2A


https://share-analytics.zhihuiya.com/view/0e12574b-e407-4845-9884-4c0f11ef8ac5
https://worldwide.espacenet.com/patent/search/family/052669454/publication/EP3064128A1?q=EP3064128A1

