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Description

Technical Field of the Invention

[0001] The invention relates to a device comprising a
blood pressure sensor and a method for controlling the
device.

Background to the Invention

[0002] Blood pressure (BP), or more precisely, arterial
blood pressure, is the pressure exerted by circulating
blood on arterial vessel walls. It is one of the key vital
signs to establish the well-being of a subject. Since blood
pressure is dynamic and changes periodically due the
pumping action of the heart, blood pressure is typically
described by systolic blood pressure (SBP), which is the
maximal blood pressure during the heart cycle, diastolic
blood pressure (DBP), which is the minimal blood pres-
sure during the heart cycle, and mean arterial blood pres-
sure (MAP), which is the average blood pressure during
the heart cycle.

[0003] Inthe past, non-invasive blood pressure meas-
urements were typically performed by using a sphyg-
momanometer, which uses a column of mercury toreflect
blood pressure. Nowadays, devices for blood pressure
measurements are often cuff-based. The measurement
procedure is often automated, especially when the de-
vice is not intended for the professional caregiver. The
most commonly used and clinically accepted automatic
blood pressure measurement uses the oscillometric
blood pressure measurement principle. This measure-
ment principle generally consists of placing a cuff around
a limb (usually the upper arm) of a subject and inflating
it rapidly. After this, cuff pressure is gradually or stepwise
decreased, during which the arterial volume oscillations
cause small pressure oscillations in the cuff. The diastolic
blood pressure (DBP) and the systolic blood pressure
(SBP) are estimated from these cuff pressure dependent
amplitudes of the cuff pressure or volume oscillations
using heuristic algorithms. The mean arterial pressure
(MAP) is then usually calculated from the diastolic blood
pressure (DBP) and the systolic blood pressure (SBP)
using a heuristic formula or by assuming it is equal to the
pressure at maximum oscillations. Instead of using the
pressure oscillations during deflation, the oscillations can
also be measured during inflation.

[0004] Otherblood pressure measurementtechniques
have been developed that do not require an external cuff.
This has been possible due to the rapid developments
in the mobile device industry (particularly, the smart-
phone industry), which allow a user to have a plurality of
high quality sensors in a single device. For example, a
user of a smartphone is now able to perform an oscillo-
metric blood pressure measurement using sensors in a
smartphone. WO 2016/096919 A1 discloses an example
of a personal hand-held monitor for the measurement of
a subject’s blood pressure, where a pressure sensor is
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embedded in the monitor to provide an electrical signal
indicative of the pressure applied to it by a body part of
the subject such that the flow of blood in the body part
can be detected and a blood pressure measurement pro-
vided.

[0005] However, while these recent techniques that
eliminate the need for a cuff are more convenient for the
user, the blood pressure measurements acquired by
these techniques can suffer from inaccuracies due to the
effects of hydrostatic pressure. In order to avoid the ef-
fects of hydrostatic pressure, blood pressure measure-
ments need to be taken at or close to the level of the
heart of the user since any height difference between the
blood pressure measurementlocation and the heart level
will result in a hydrostatic offset. If the blood pressure
measurements are taken above the level of the heart,
the measurement results will be too low, whereas if the
blood pressure measurements are taken below the level
of the heart, the measurement results will be too high.
For every centimetre difference between the blood pres-
sure measurement location and the heartlevel, 0.73 mm-
Hgis erroneously introduced to the blood pressure meas-
urement. Thus, if the blood pressure measurement is tak-
en from a finger while the arm is in a relaxed (i.e. in a
hanging position), a height difference of 50 cm can easily
be made, which can result in hydrostatic offsets of ap-
proximately 37 mmHg. Document US 2013/237865 pro-
vides an example of cuff-based blood pressure meas-
urement device and a control method thereof that can
calculate the location of a patient’s wrist accurately to
improve blood pressure measurement accuracy.
[0006] As an untrained user usually takes the blood
pressure measurement in the home environment, it is
often the case that the blood pressure measurements
are taken at heights that are significantly different to the
heart level of the user, which can introduce large errors
in the blood pressure measurements. This is especially
relevant for cuff-less devices, as cuff-less devices do not
restrict the counter pressure to be applied at heart level,
whereas cuff-based measurements on an upper arm will
always be relatively close to the heart level. Therefore,
a device aimed at minimising, preventing or eliminating
hydrostatic effects to provide more accurate blood pres-
sure measurements is required.

[0007] There is thus a need for an improved device
comprising a blood pressure sensor and an improved
method for controlling the device.

Summary of the Invention

[0008] As noted above, the limitation with existing ap-
proaches is that errors can be introduced into blood pres-
sure measurements due to hydrostatic effects. It would
thus be valuable to have a device comprising a blood
pressure sensor and a method for controlling the device
in a manner that overcomes these existing problems.

[0009] Therefore, according to a first aspect of the in-
vention, there is provided a method for controlling a de-
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vice comprising a blood pressure sensor for sensing
blood pressure. The method comprises determining an
angle of the device with respect to the direction of gravity,
identifying a location of one or more features of the user
holding the device, determining a height of the blood
pressure sensor relative to a heart level of the userbased
on the determined angle of the device with respect to the
direction of gravity and the identified location of the one
or more features of the user, and controlling the device
based on the determined height of the blood pressure
sensor relative to the heart level of the user.

[0010] Insome embodiments, the one or more features
of the user holding the device may comprise one or more
anatomical features of the user holding the device. In
some embodiments, the location of the one or more fea-
tures may be identified in a displayed image of the user.
In some embodiments, the location of the one or more
features may be identified relative to a displayed prede-
fined location range. In these embodiments, the height
of the blood pressure sensor relative to a heart level of
the user may be determined based on the determined
angle of the device with respect to the direction of gravity
and the identified location of the one or more features of
the user in the image relative to the predefined location
range.

[0011] In some embodiments, the height of the blood
pressure sensor may be determined to be different to the
heart level of the user where the determined angle of the
device with respect to the direction of gravity is outside
a predefined angle range and/or the identified location
of the one or more features of the user is outside a pre-
defined location range.

[0012] In some embodiments, the height of the blood
pressure sensor may be determined to be at the heart
level of the user where the determined angle of the device
with respect to the direction of gravity is within a prede-
fined angle range and/or the identified location of the one
ormore features of the user is within a predefined location
range.

[0013] In some embodiments, controlling the device
based on the determined height of the blood pressure
sensor may comprise controlling the device to output to
the user one or more of the determined angle of the de-
vice with respect to the direction of gravity and the iden-
tified location of the one or more features of the user
when the height of the blood pressure sensor is deter-
mined to be different to the heart level of the user.
[0014] In some embodiments, controlling the device
based on the determined height of the blood pressure
sensor may comprise controlling the device to output to
the user an instruction to adjust one or more of the angle
of the device with respect to the direction of gravity and
the location of the one or more features of the user when
the height of the blood pressure sensor is determined to
be different to the heart level of the user.

[0015] In some embodiments, controlling the device
based on the determined height of the blood pressure
sensor may comprise controlling the device to output to
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the user an error notification when the height of the blood
pressure sensor is determined to be different to the heart
level of the user.

[0016] In some embodiments, controlling the device
based on the determined height of the blood pressure
sensor may comprise controlling the blood pressure sen-
sor to acquire a blood pressure measurement from the
user when the height of the blood pressure sensor is
determined to be at the heart level of the user.

[0017] In some embodiments, controlling the device
based on the determined height of the blood pressure
sensor may comprise controlling the blood pressure sen-
sor to acquire a blood pressure measurement from the
user when the height of the blood pressure sensor is
determined to be different to the heart level of the user,
and adjusting the acquired blood pressure measurement
based on the difference between the height of the blood
pressure sensor and the heart level of the user.

[0018] Insomeembodiments, the one or more features
of the user may comprise any one or more of one or both
eyes of the user, the mouth of the user, the nose of the
user, and the facial outline of the user.

[0019] According to a second aspect of the invention,
thereis provided a computer program product comprising
a computer readable medium, the computer readable
medium having computer readable code embodied
therein, the computer readable code being configured
such that, on execution by a suitable computer or proc-
essor, the computer or processor is caused to control a
device comprising a blood pressure sensor for sensing
blood pressure by implementing the method or the meth-
ods described above.

[0020] According to a third aspect of the invention,
there is provided a device comprising a blood pressure
sensor for acquiring a blood pressure measurement from
a user holding the device and a control unit. The control
unit is configured to determine an angle of the device
with respect to the direction of gravity, identify a location
of one or more features of the user holding the device,
determine a height of the blood pressure sensor relative
toaheartlevel of the user based on the determined angle
of the device with respect to the direction of gravity and
the identified location of the one or more features of the
user, and control the device based on the determined
height of the blood pressure sensor relative to the heart
level of the user.

[0021] Insomeembodiments, the one or more features
of the user holding the device may comprise one or more
anatomical features of the user holding the device. In
some embodiments, the location of the one or more fea-
tures may be identified in a displayed image of the user.
In some embodiments, the location of the one or more
features may be identified relative to a displayed prede-
fined location range. In these embodiments, the height
of the blood pressure sensor relative to a heart level of
the user may be determined based on the determined
angle of the device with respect to the direction of gravity
and the identified location of the one or more features of
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the user in the image relative to the predefined location
range.

[0022] In some embodiments, the device may further
comprise an angular sensor and the control unit may be
configured to control the angular sensor to determine the
angle of the device with respect to the direction of gravity.
[0023] In some embodiments, the device may further
comprise a camera and the control unit may be config-
ured to control the camera to identify the location of the
one or more features of the user when the user is, at least
partially, in the field of view of the camera.

[0024] In some embodiments, the device may further
comprise a user interface and, when the height of the
blood pressure sensor is determined to be different to
the heart level of the user, the control unit may be con-
figured to control the user interface to output to the user
any one or more of the determined angle of the device
with respect to the direction of gravity, the identified lo-
cation of the one or more features of the user, an instruc-
tion to adjust any one or more of the angle of the device
with respect to the direction of gravity, the location of the
one or more features of the user, and an angle of the
body of the user, and an error notification.

[0025] In some embodiments, the blood pressure sen-
sor may comprise any one or more of a volume sensor
and a pressure sensor.

[0026] According to the aspects and embodiments de-
scribed above, the limitations of existing techniques are
addressed. In particular, according to the above-de-
scribed aspects and embodiments, hydrostatic effects in
blood pressure measurements can be prevented, re-
duced, or eliminated. In this way, more accurate blood
pressure measurements can be acquired by way of a
simple yet effective method.

[0027] Thereisthus provided animproveddevice com-
prising a blood pressure sensor and an improved method
for controlling the device, which overcomes the existing
problems. The invention is defined by appended claims
1-15.

Brief Description of the Drawings

[0028] Fora better understanding of the invention, and
to show more clearly how it may be carried into effect,
reference will now be made, by way of example only, to
the accompanying drawings, in which:

Figure 1 is a block diagram of a device according to
an embodiment;

Figure 2 is a flow chart illustrating a method accord-
ing to an embodiment; and

Figure 3is aniillustration of a device in use according
to an embodiment.
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Detailed Description of the Preferred Embodiments

[0029] As noted above, the invention provides an im-
proved device comprising a blood pressure sensor and
an improved method for controlling the device, which
overcomes the existing problems.

[0030] Figure 1 shows ablock diagram of a device 100
according to an embodiment. In some embodiments, the
device 100 may be a device dedicated for blood pressure
measurements. In other words, the device 100 can be a
blood pressure measurement device. Alternatively, in
some embodiments, in addition to blood pressure meas-
urements, the device 100 may also be intended for other
purposes or uses. The device 100 may be a mobile de-
vice. For example, the device 100 can be a smart phone,
a tablet, a smart watch, or any other mobile device.
[0031] Asillustrated in Figure 1, the device 100 com-
prises a blood pressure sensor 102 for sensing blood
pressure (or for acquiring a blood pressure measure-
ment) from a user holding the device 100. In operation,
to acquire a blood pressure measurement, the user holds
the device 100 (for example, in front of them) such that
a part of the body of the user (for example, a finger or
thumb of the user) is positioned at or contacts with the
blood pressure sensor 102. The part of the body of the
user may be in direct contact with the blood pressure
sensor 102 or indirect contact with the blood pressure
sensor 102.

[0032] Insomeembodiments,the user may be instruct-
ed (such as via a user interface of the device 100) to
increase the pressure applied by the part of the body that
is in contact with the blood pressure sensor 102. For ex-
ample, the user may be instructed to increase the pres-
sure applied by the part of the body that is in contact with
the blood pressure sensor 102 by a pressure profile gen-
erated over time, which the user can follow by increasing
the applied pressure. Examples of a pressure profile in-
clude, but are not limited to, a numerical target that in-
creasesovertime, aline orbarthat becomes increasingly
full as pressure is increased with target pressures at one
or more points in time, or any other pressure profile.
[0033] The blood pressure sensor 102 of the device
100 can comprise any sensor, or any combination or sen-
sors, suitable to acquire a blood pressure measurement
from a user holding the device 100. The blood pressure
measurement may, for example, be acquired from arte-
rial oscillations detected by the blood pressure sensor
102. An increase in pressure applied by the part of the
body of the user that is in contact with the blood pressure
sensor 102 can result in arterial oscillations, which can
then be detected by the blood pressure sensor 102. The
blood pressure sensor 102 can comprise any one or more
of a volume sensor, a pressure sensor, or any other sen-
sor, or any combination of sensors, suitable to acquire a
blood pressure measurement from a user holding the
device 100.

[0034] Avolume sensorcancomprise any volume sen-
sor that is suitable to detect arterial oscillations (specifi-
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cally, volumetric oscillations) from the part of the body of
the user that is positioned at the volume sensor of the
device 100, which can be used to acquire a blood pres-
sure measurement. Examples of a volume sensor in-
clude, but are not limited to, a light sensor, or any other
volume sensor, or any combination of volume sensors.
A light sensor can comprise any light sensor that is suit-
able to detect light indicative of volumetric oscillations
from a user holding the device 100, which can be used
to acquire a blood pressure measurement. For example,
a light sensor can comprise an image sensor, a plethys-
mography (PG) sensor (such as a photoplethysmogra-
phy (PPG) sensor), or any other light sensor, or any com-
bination of light sensors.

[0035] Animage sensor can comprise any image sen-
sorthatis suitable to acquire animage from a user holding
the device 100, which can be used to acquire a blood
pressure measurement. Examples of an image sensor
include, butare notlimited to, acamera, a videorecording
device, or any other image sensor, or any combination
of image sensors. The image may comprise a single im-
age frame or a plurality of image frames. For example,
the plurality of image frames may be in the form of a
"live", instantaneous, or real-time (or near real-time) se-
ries of image frames or video of the user holding the
device. The image acquired by the image sensor can be
indicative of arterial oscillations (specifically, volumetric
oscillations) in the part of the body of the user that is in
the image. In some embodiments, forexample, the image
acquired by the image sensor may be averaged to ac-
quire a volume measurement.

[0036] A photoplethysmography (PPG) sensor can
comprise any photoplethysmography sensor suitable to
acquire photoplethysmographic data from the user hold-
ing the device 100, which can be used to acquire a blood
pressure measurement. Examples of a photoplethys-
mography sensor include, but are not limited to, a reflec-
tive PPG sensor, a transmissive PPG sensor, or any oth-
er photoplethysmography sensor, or any combination of
photoplethysmography sensors. The photoplethysmo-
graphicdata acquired by the photoplethysmography sen-
sor can be indicative of arterial oscillations (specifically,
volumetric oscillations) in the part of the body of the user
that is positioned at the photoplethysmography sensor
of the device 100.

[0037] In some embodiments, a light sensor (such as
a PPG sensor) can comprise a light source (for example,
awhite light emitting diode LED, a single wavelength light
such as a light emitting in the red region, or any other
light source) and an associated light detector. For exam-
ple, in some embodiments, a light source may be oper-
able to project light onto a part of the body of the user
holding the device 100 and the light detector may be op-
erable to detect transmitted or reflected light. The light
detected by the light detector can be indicative of arterial
oscillations (specifically, volumetric oscillations) in the
part of the body of the user onto which light is projected.
[0038] A pressure sensor can comprise any pressure
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sensor that is suitable to acquire the applied pressure
and the arterial oscillations (specifically, pressure oscil-
lations) from a part of the body of the user thatis in direct
or indirect contact with the pressure sensor of the device
100, which can be used to acquire a blood pressure
measurement. Examples of a pressure sensor include,
but are notlimited to, a pressure sensitive display, a pres-
sure sensitive element below a display (such as a foil,
thin-film flexible printed circuit, or similar), a force sensor
where a contact area of the force sensor with a part of
the body of the user is known (for example, assumed to
be constant) or can be measured, or any other pressure
sensor, or any combination of pressure sensors. The
pressure oscillations can be determined from the force
detected by a force sensor where the contact area is
known or measured since pressure is equal to the force
per unit area. In some embodiments, a pressure sensor
can comprise multiple force sensors integrated over an
area.

[0039] A force sensor can comprise any force sensor
suitable to detect a force applied by the user holding the
device 100, which can be used to acquire a blood pres-
sure measurement. Examples of a force sensor include,
but are not limited to, a force sensitive display, a force
sensitive element below a display (such as a foil, thin-
film flexible printed circuit, or similar), a strain gauge, a
load cell (for example, a structure comprising multiple
strain gauges, or any other force sensor, or any combi-
nation of force sensors.

[0040] Although examples have been provided for the
blood pressure sensor 102, it will be understood that any
other blood pressure sensor, or any combination of blood
pressure sensors, suitable to acquire a blood pressure
measurement from the user can be used.

[0041] As illustrated in Figure 1, the device 100 also
comprises a control unit 104. The control unit 104 controls
the operation of the device 100 and can implement the
method describe herein. The control unit 104 can com-
prise one or more processors, processing units, multi-
core processors or modules that are configured or pro-
grammed to control the device 100 in the manner de-
scribed herein. In particular implementations, the control
unit 104 can comprise a plurality of software and/or hard-
ware modules that are each configured to perform, or are
for performing, individual or multiple steps of the method
according to embodiments of the invention.

[0042] Briefly, the control unit 104 is configured to de-
termine an angle of the device with respect to the direc-
tion of gravity, identify a location of one or more features
of the user holding the device, determine a height of the
blood pressure sensor relative to a heart level of the user
based on the determined angle of the device with respect
to the direction of gravity and the identified location of
the one or more features of the user, and control the
device based on the determined height of the blood pres-
sure sensor relative to the heart level of the user.
[0043] In some embodiments, as illustrated in Figure
1, the device 100 can further comprise an angular sensor
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106. Examples of an angular sensor include, but are not
limited to, an accelerometer or gravitational sensor (such
as a single-axis accelerometer, a dual-axis accelerome-
ter, or a three-axis accelerometer), a gyroscope, a filt-
sensor, or any other angular sensor, or any combination
of angular sensors. The angular sensor 106 can be for
use in determining the angle of the device with respect
to the direction of gravity. For example, in embodiments
where the device 100 comprises an angular sensor 106,
the control unit 104 can be configured to control the an-
gular sensor 106 to determine the angle of the device
with respect to the direction of gravity.

[0044] In some embodiments, as illustrated in Figure
1, the device 100 can further comprise a camera 108.
The camera 108 can be for use in identifying the location
of the one or more features of the user when the user s,
at least partially, in the field of view of the camera 108.
For example, the control unit 104 can be configured to
control the camera 108 to identify the location of the one
or more features of the user when the user is, at least
partially, in the field of view of the camera 108. The cam-
era 108 can be any camera that is directed at the user.
Thus, alternatively or in addition to the device comprising
a camera 108, a camera 108 may be external to (i.e.
separate to or remote from) the device 100.

[0045] In some embodiments, as illustrated in Figure
1, the device 100 can further comprise a user interface
110. Alternatively or in addition, a userinterface 110 may
be external to (i.e. separate to or remote from) the device
100. A user interface 100 can be for use in providing a
user of the device 100 with information, data, signals, or
measurements resulting from the method according to
the invention. For example, the control unit 104 can be
configured to control a user interface 110 to provide (for
example, render, output, or display) information, data,
signals, or measurements resulting from the method to
the user of the device 100.

[0046] Insome embodiments, the control unit 104 may
be configured to control a user interface 110 to display
an image of the user. As mentioned earlier, the image
may comprise a single image frame or a plurality ofimage
frames. For example, the control unit 104 may be con-
figured to control the user interface 110 to display a "live",
instantaneous, or real-time (or near real-time) series of
image frames or video of the user holding the device 100.
The control unit 104 may also be configured to control
the user interface 110 to display a predefined location
range for the one or more features of the user. For ex-
ample, the predefined location range may be displayed
over or through the image of the user. In some embodi-
ments, the image of the user and the predefined location
range may be displayed on the device 100 comprising
the blood pressure sensor 102. Alternatively, in otherem-
bodiments, the image of the user and the predefined lo-
cation range may be displayed on a device that is a dif-
ferent device to the device 100 that comprises the blood
pressure sensor 102. For example, the device on which
the image of the user and the predefined location range
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are displayed may be external to (i.e. separate to or re-
mote from) the device 100 comprising the blood pressure
sensor 102.

[0047] Insome embodiments, for example, the control
unit 104 can be configured to control a user interface 110
to provide (for example, render, output, or display) to the
user one or more blood pressure measurements ac-
quired by the blood pressure sensor 102 of the device
100. Alternatively or in addition, in some embodiments,
when the control unit 104 of the device 100 determines
that the height of the blood pressure sensor 102 is dif-
ferent to the heart level of the user, the control unit 104
can be configured to control a user interface 110 to pro-
vide (for example, render, output, or display) to the user
any one or more of the determined angle of the device
with respect to the direction of gravity, the identified lo-
cation of the one or more features of the user, an instruc-
tion to adjust one or more of the angle of the device with
respect to the direction of gravity and the location of the
one or more features of the user, an error notification, or
any other information resulting from the method de-
scribed herein.

[0048] Alternatively or in addition, a user interface 110
may be configured to receive a user input. In other words,
a user interface 110 may allow a user of the device 100
to manually enter instructions, data, or information. The
control unit 104 may be configured to acquire a user input
from the user interface 110.

[0049] A userinterface 110 may be any user interface
that enables rendering (or output or display) of informa-
tion, data, signals, or measurements to a user of the de-
vice 100. Alternatively or in addition, a user interface 110
may be any user interface that enables a user of the
device 100 to provide a user input, interact with and/or
control the device 100. For example, a userinterface 110
may comprise one or more switches, one or more but-
tons, a keypad, a keyboard, a touch screen or an appli-
cation (for example, on a smartphone, tablet, or similar),
a display screen, a graphical user interface GUI or any
othervisualrendering component, one or more speakers,
one or more microphones or any other audio component,
one or more lights, a component for providing tactile feed-
back (such as a vibration function), or any other user
interface component, or combination of user interface
components.

[0050] Although notillustrated in Figure 1, in some em-
bodiments, the device 100 may also comprise a memory
configured to store program code that can be executed
by the control unit 104 to perform the method described
herein. The memory can be used to store information,
data, signals and measurements acquired or made by
the control unit 104 of the device 100. For example, the
memory may be used to store blood pressure measure-
ments acquired by the blood pressure sensor 102 from
the user of the device 100.

[0051] Although notillustrated in Figure 1, in some em-
bodiments, the device 100 may also comprise a commu-
nications interface for enabling the device 100 to com-
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municate with any sensors, interfaces, units, memories,
devices or any other components that are internal or ex-
ternal to the device 100. The communications interface
may communicate with any sensors, interfaces, units,
memories, devices or any other components wirelessly
orviaawired connection. Forexample, inan embodiment
where the camera 108 is external to the device 100, the
communications interface may communicate with the ex-
ternal camera 108 wirelessly or via a wired connection.
Similarly, in an embodiment where a user interface 110
is external to the device 100, the communications inter-
face may communicate with the external user interface
wirelessly or via a wired connection.

[0052] Thus, it will be appreciated that Figure 1 only
shows the components required to illustrate this aspect
of the invention, and in a practical implementation the
device 100 may comprise additional components to
those shown. For example, the device 100 may comprise
a battery or other power supply for powering the device
100 or means for connecting the device 100 to a mains
power supply.

[0053] Figure 2illustrates a method 200 for controlling
the device 100 comprising the blood pressure sensor
102. The illustrated method 200 can generally be per-
formed by or under the control of the control unit 104 of
the device 100.

[0054] As mentioned previously, in operation, the user
holds the device 100 (for example, in front of them) such
that a part of the body of the user (for example, a finger
or thumb of the user) is positioned at or contacts with the
blood pressure sensor 102. In some embodiments, al-
though not illustrated, the positon of the part of the body
of the user on the device may be detected to ensure that
the useris holding the device 100 correctly. For example,
where the blood pressure sensor 102 comprises a cam-
era and a display (such as a force or pressure sensitive
display) of the device 100, the user may place a finger
(such as an index finger) of a hand in front of the camera
and a thumb of the hand on the display for the blood
pressure measurement. The position of the thumb on the
display can be measured and the camera can be used
to detect the position of the finger to ensure that the user
is holding the device 100 correctly. Alternatively or in ad-
dition, in some embodiments, the blood pressure sensor
102 may be located at one or more fixed points on the
device 100, which can be indicated to the user. For the
purpose of the method disclosed herein, it may be as-
sumed that the device 100 is held approximately or ex-
actly perpendicular to the body of the user.

[0055] With reference to Figure 2, at block 202, an an-
gle of the device 100 is determined with respect to the
direction of gravity (or compared to the ground level or
earth). For example, as mentioned earlier, the control
unit 104 can be configured to control an angular sensor
106 of the device 100 to determine the angle of the device
with respect to the direction of gravity. In some embodi-
ments, the angle of the body of the user may be inferred
from the angle of the device 100 with respect to the di-
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rection of gravity.

[0056] Asanangularsensorcan measure gravitational
force, the gravitational force component on the angular
sensor can be used to determine the angle of the device
100 with respect to gravity. As mentioned earlier, the an-
gular sensor can comprise an accelerometer (such as a
single-axis accelerometer, a dual-axis accelerometer, a
three-axis accelerometer), a gyroscope, a tilt-sensor, or
similar and thus the angle of the device 100 with respect
to gravity can be determined in any of the standard ways
in respect of these angular sensors. For example, as is
known, the acceleration due to gravity can be measured
and related back to the reference frame of the device 100
to determine the angle of the device 100 with respect to
gravity.

[0057] Atblock 204, a location of one or more features
(or landmarks) of the user holding the device 100 are
identified. For example, as mentioned earlier, the control
unit 104 can be configured to control a camera 108 of
the device 100 to identify the location of the one or more
features of the user when the user is (at least partially)
in the field of view of the camera 108. The one or more
features of the user can comprise one or more anatomical
(e.g. physical) features of the user. In some embodi-
ments, the one or more features of the user may comprise
one or more features of the torso (or upper torso) of the
user, such as one or more shoulders of the user, or any
other features of the torso of the user, or any combination
of features of the torso of the user. Alternatively or in
addition, in some embodiments, the one or more features
of the user may comprise the neck of the user. Alterna-
tively or in addition, in some embodiments, the one or
more features of the user may comprise one or more
facial features of the user, for example, any one or more
of the facial outline of the user, one or both eyes of the
user, the nose of the user, the mouth of the user, or any
other facial features of the user, or any combination of
facial features of the user. Although examples have been
provided for the one or more features of the user, the
person skilled in the art will be aware of other features
of the user, or any combination of features of the user,
that may be used.

[0058] In some embodiments, the method may further
comprise determining the distance of the device 100 with
respect to the body based on the size, location, or both
the size and location, of the one or more features. The
distance may, for example, be determined as a horizontal
distance. The distance can be indicative of the amount
an arm of the user is stretched while holding the device
100 and can be used to improve the measurement of
height of the device relative to the heart level. The dis-
tance may, for example, be determined based on the
apparent size of the one or more features identified by
the camera 108. For example, the larger a feature ap-
pears, the closer the feature is to the camera 108 (which
can be indicative of a bentarm)and, similarly, the smaller
afeature appears, the farther the feature is from the cam-
era 108 (which can be indicative of a straight arm).
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[0059] Atblock 206, a heightofthe blood pressure sen-
sor 102 relative to a heart level of the user is determined
based on the determined angle of the device 100 with
respect to the direction of gravity and the identified loca-
tion of the one or more features of the user.

[0060] In some embodiments, the method comprises
determining whether the determined angle of the device
100 with respect to the direction of gravity is within (or
outside) a predefined angle range. In other words, it may
be determined whether the determined angle of the de-
vice 100 with respect to the direction of gravity is between
(or falls outside) a minimum threshold value for the angle
and a maximum threshold value for the angle. The pre-
defined angle range (or minimum and maximum thresh-
old values for the angle) can be set to indicate that the
device 100 is held upright or substantially upright. In one
example, the predefined angle range is between -30 de-
grees and +30 degrees. However, it will be understood
that other predefined angles may be used instead. Sim-
ilarly, in some embodiments, the method may further
comprise determining whether the identified location of
the one or more features of the user is within (or outside)
a predefined location range. For example, the predefined
location range may be a predefined location range on a
display of the device 100 comprising the blood pressure
sensor 102 or another device. The predefined location
range on the display may be defined by one or more lines
or shapes.

[0061] In these embodiments, the height of the blood
pressure sensor 102 may be determined to be different
to the heart level of the user where the determined angle
of the device with respect to the direction of gravity is
outside a predefined angle range, the identified location
of the one or more features of the user is outside a pre-
defined location range, or both the determined angle of
the device with respect to the direction of gravity is out-
side a predefined angle range and the identified location
of the one or more features of the user is outside a pre-
defined location range.

[0062] Similarly, the height of the blood pressure sen-
sor may be determined to be at the heart level of the user
where the determined angle of the device with respect
to the direction of gravity is within a predefined angle
range, the identified location of the one or more features
of the user is within a predefined location range, or both
the determined angle of the device with respect to the
direction of gravity is within a predefined angle range and
the identified location of the one or more features of the
user is within a predefined location range.

[0063] Thus, in some embodiments, both of the de-
scribed parameters (namely, the parameters of the de-
termined angle of the device 100 with respect to the di-
rection of gravity and the identified location of the one or
more anatomical features of the user in the image rela-
tive) may be checked. If one or both of these parameters
are outside their respective predefined ranges, the height
of the blood pressure sensor 102 may be determined to
be different to the heart level of the user (which may, for
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example, be a height that is inappropriate or less than
optimal for blood pressure measurements). On the other
hand, if one or both of these parameters are within their
respective predefined ranges, the height of the blood
pressure sensor 102 may be determined to be at the
heart level of the user (which may, for example, be a
height that is appropriate or optimal for blood pressure
measurements).

[0064] Inembodimentsinwhich the distance of the de-
vice 100 with respect to the body is determined based
on the location of the one or more features, the determi-
nation of the height of the blood pressure sensor 102
relative to the heartlevel of the user may be further based
on this determined distance. In this way, the height of the
blood pressure sensor 102 relative to the heart level may
be determined more precisely, or an absolute deviation
of the height of the blood pressure sensor 102 from the
heart level (for example, in centimetres) may be deter-
mined.

[0065] Figure 3 is an illustration of the device 100 in
use by a user 300 according to an embodiment. As illus-
trated in Figure 3, an angular sensor is used to determine
the angle that the device 100 makes relative to the direc-
tion of gravity and a camera is used to identify the location
of one or more features of the user 300 when the user
300 is (at least partially) in the field of view 302 of the
camera.

[0066] In this illustrated example embodiment, an im-
age of the user and a predefined location range 306 is
displayed on a display 308 of the device 100 comprising
the blood pressure sensor 100. However, as described
earlier, the image of the user and the predefined location
range 306 may instead be displayed on a display of a
device 100 that is a different device to the device 100
comprising the blood pressure sensor 100 according to
other example embodiments. The predefined location
range 306 defines a location range on the display 308 of
the device 100 for the user to align one or more of their
features (such as any of those mentioned earlier). In the
example embodiment shown in Figure 3, the one or more
features of the user are the eyes 304 of the user. Thus,
in the example embodiment shown in Figure 3, the loca-
tion of the eyes 304 of the user relative to the predefined
location range 306 of the display 308 of the device 100
are identified (at block 204 of Figure 2). As described
above, aheightofthe blood pressure sensor of the device
100 relative to a heart level 310 of the user 300 can be
determined (at block 206 of Figure 2) based on the de-
termined angle of the device 100 with respect to the di-
rection of gravity and the identified location of the one or
more features of the user 300.

[0067] Through the determined height of the blood
pressure sensor 102 relative to the heartlevel of the user,
the combination of the determined angle of the device
100 with respect to the direction of gravity and the iden-
tified location of one or more features of the user holding
the device 100 (or the combination of an angular sensor
and a camera) can be used to control the device 100 to
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ensure that hydrostatic effects are minimised or eliminat-
ed. Thus, returning back to Figure 2, at block 208, the
device 100 is controlled based on the determined height
of the blood pressure sensor 102 relative to the heart
level of the user. The device 100 can be controlled based
on the determined height of the blood pressure sensor
102 relative to the heart level of the user in a variety of
ways.

[0068] In some embodiments, when the height of the
blood pressure sensor is determined to be at the heart
level of the user, the blood pressure sensor 102 of the
device 100 may be controlled to acquire a blood pressure
measurement from the user.

[0069] In some embodiments, when the height of the
blood pressure sensor 102 is determined to be different
to the heart level of the user, the device 100 may be
controlled to output to the user one or more of the deter-
mined angle of the device 100 with respect to the direction
of gravity and the identified location of the one or more
features of the user (such as via a user interface 110,
which can be a user interface of the device or a user
interface external to the device). In some embodiments,
the predefined angle range, the predefined location
range, or both the predefined angle range and the pre-
defined location range may also be output to the user
(such as via a user interface 110, which can be a user
interface of the device or a user interface external to the
device). In this way, information is provided that enables
the user to ensure that the device 100 is positioned to
avoid hydrostatic effects such that an accurate blood
pressure measurement can be acquired from the blood
pressure sensor 102.

[0070] Alternatively or in addition, in some embodi-
ments, when the height of the blood pressure sensor 102
is determined to be different to the heart level of the user,
the device 100 may be controlled to output to the user
an instruction to adjust any one or more of the angle of
the device 100 with respect to the direction of gravity, the
location (for example, the height) of the one or more fea-
tures of the user, and the angle of the body (or posture)
of the user. As mentioned earlier, the angle of the body
of the user may be inferred from the angle of the device
100 with respect to the direction of gravity. The device
100 may be controlled to output the instruction to the user
via a user interface 110, which can be a user interface
of the device or a user interface external to the device.
[0071] Theinstruction may be, for example, an instruc-
tion to move the device 100 in a certain direction, an
instruction to tilt the device 100 in a certain direction, an
instruction to alter the angle of the body (or posture) of
the user, or any combination of these instructions. In
some embodiments, an instruction may be output when-
ever the height of the blood pressure sensor 102 is de-
termined to be different to the heart level of the user. For
example, in some embodiments, an instruction may be
output whenever the determined angle of the device 100
with respect to the direction of gravity is outside the pre-
defined angle range, the identified location of the one or
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more features of the user is outside the predefined loca-
tion range, or both the determined angle of the device
100 with respect to the direction of gravity is outside the
predefined angle range and the identified location of the
one or more features of the user is outside the predefined
location range. In this way, feedback can be provided to
the user to guide the user to positon the device 100 at
(or near or closer to) the heart level of the user at the
appropriate orientation to reduce or eliminate hydrostatic
effects.

[0072] Alternatively or in addition, in some embodi-
ments, when the height of the blood pressure sensor is
determined to be different to the heart level of the user,
the device 100 may be controlled to output to the user
an error notification (such as via a user interface 110,
which can be a user interface of the device or a user
interface external to the device). The error notification
may, for example, indicate that a blood pressure meas-
urement is false, incorrect, or has not been determined.
[0073] Insome embodiments, an error notification may
be output whenever the height of the blood pressure sen-
sor 102 is determined to be different to the heart level of
the user. For example, in some embodiments, an error
notification may be output whenever the determined an-
gle of the device 100 with respect to the direction of grav-
ity is outside the predefined angle range, the identified
location of the one or more features of the user is outside
the predefined location range, or both the determined
angle of the device 200 with respect to the direction of
gravity is outside the predefined angle range and the
identified location of the one or more features of the user
is outside the predefined location range. In this way, the
user can be guided to positon the device 100 differently
until the device 100 is at (or near) the heart level of the
user at the appropriate orientation to reduce or eliminate
hydrostatic effects.

[0074] In some embodiments, the error notification
may be output where the angle of the device 100 with
respect to the direction of gravity is more than a prede-
fined threshold value. For example, the predefined
threshold value may be at or around 90 degrees to pre-
ventblood pressure measurements being acquired when
the user is laying down (since, as mentioned earlier, the
angle of the body of the user may be inferred from the
angle of the device 100 with respect to the direction of
gravity).

[0075] Alternatively or in addition, in some embodi-
ments, when the height of the blood pressure sensor 102
is determined to be different to the heart level of the user,
the blood pressure sensor 102 of the device 100 may be
controlled to acquire a blood pressure measurementfrom
the user. Inthese embodiments, the acquired blood pres-
sure measurement can then be adjusted based on the
difference between the height of the blood pressure sen-
sor and the heart level of the user.

[0076] The difference between the height of the blood
pressure sensor and the heart level of the user can be
determined as an absolute height difference. In some
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embodiments, for example, the difference between the
height of the blood pressure sensor and the heart level
of the user may be determined based on the location of
the one or more features of the user holding the device
in relation to a target location for the one or more features
ofthe userfor the blood pressure sensor 102 of the device
100 to be positioned at the heart level of the user. The
height difference may be determined as the number of
pixels between the identified location of the one or more
features of the user holding the device and the target
location for the one or more features. In some embodi-
ments, a scaling factor may be used to relate the number
of pixels to a distance measurement (for example, cen-
timetres) for the height difference. For example, where
a feature of the user is located six pixels below the target
location for that feature, the height difference may be
determined as six pixels times the scaling factor.
[0077] In embodiments where the distance of the de-
vice 100 with respect to the body is determined based
on the location of the one or more features, the deter-
mined distance may also be used in the determination
of the height difference. For example, the scaling factor
can be made dependent on the determined distance of
the device 100 with respect to the body.

[0078] Theerrorthatismadeinablood pressure meas-
urement with hydrostatic effects is based on the differ-
ence between the height of the blood pressure sensor
and the heart level of the user. Thus, adjustment of the
acquired blood pressure measurement can comprise de-
termining the hydrostatic offset from the determined dif-
ference between the height of the blood pressure sensor
and the heart level of the user. Then, the determined
hydrostatic offset can be used to remove hydrostatic ef-
fects from the acquired blood pressure measurement.
For example, where the determined difference between
the height of the blood pressure sensor and the heart
level of the user indicates that the blood pressure sensor
is above the heart level over the user, the determined
hydrostatic effect is removed from the acquired blood
pressure measurement by adding the hydrostatic offset
to the acquired blood pressure measurement. Similarly,
where the determined difference between the height of
the blood pressure sensor and the heart level of the user
indicates that the blood pressure sensor is below the
heart level over the user, the determined hydrostatic ef-
fect is removed from the acquired blood pressure meas-
urement by subtracting the hydrostatic offset to the ac-
quired blood pressure measurement.

[0079] Thehydrostaticoffsetinanacquired blood pres-
sure measurement is approximately 0.75 mmHg per cm
of height difference between the height of the blood pres-
sure sensor and the heart level of the user. Thus, for
example, where the blood pressure sensor 102 is deter-
mined to be 10 cm above the heart level of the user, the
acquired blood pressure measurement can be adjusted
by adding 10*0.75 = 7.5 mmHg to the acquired blood
pressure measurement. In this way, any hydrostatic ef-
fects that would otherwise distort the acquired blood

10

15

20

25

30

35

40

45

50

55

10

pressure measurement can be compensated (or correct-
ed) to thus provide a more accurate blood pressure
measurement.

[0080] In any of the embodiments where the blood
pressure sensor 102 of the device 100 is controlled to
acquire a blood pressure measurement from the user,
the blood pressure measurement may be acquired from
the user using any suitable technique for acquiring a
blood pressure measurement. As mentioned earlier, the
blood pressure measurement may be acquired from ar-
terial oscillations detected by the blood pressure sensor
102. The arterial oscillations can comprise volumetric os-
cillations, pressure oscillations, or both volumetric and
pressure oscillations. The arterial oscillations can be de-
tected as a function of applied pressure. In these embod-
iments, the arterial oscillations versus applied pressure
can be processed using standard techniques to acquire
the blood pressure measurement (such as any one or
more of a value for the systolic blood pressure, the di-
astolic blood pressure, and mean arterial blood pres-
sure).

[0081] In any of the embodiments in which a blood
pressure measurement is acquired, the method may fur-
ther comprise providing (for example, rendering, output-
ting, or displaying) the acquired blood pressure meas-
urement to the user. For example, as mentioned earlier,
the control unit 104 may control a user interface 110
(which may be a user interface of the apparatus 100 or
a user interface external to the device) to provide (for
example, render, output, or display) to the user the ac-
quired blood pressure measurement.

[0082] Thereistherefore provided animproved device
comprising a blood pressure sensor and an improved
method for controlling the device. As described herein,
the device can be controlled in a manner that can help
to reduce, prevent, or eliminate hydrostatic effects in
blood pressure measurements. In this way, more accu-
rate blood pressure measurements can be acquired by
way of a simple yet effective method.

[0083] There is also provided a computer program
product comprising a computer readable medium, the
computer readable medium having computer readable
code embodied therein. The computer readable code is
configured such that, on execution by a suitable compu-
ter or processor, the computer or processor is caused to
perform the method or methods described herein.
[0084] The invention is defined by appended claims
1-15. In the claims, the word "comprising" does not ex-
clude other elements or steps, and the indefinite article
"a" or "an"does not exclude a plurality. A single processor
or other unit may fulfil the functions of several items re-
cited in the claims. The mere fact that certain measures
are recited in mutually different dependent claims does
not indicate that a combination of these measures cannot
be used to advantage. A computer program may be
stored/distributed on a suitable medium, such as an op-
tical storage medium or a solid-state medium supplied
together with or as part of other hardware, but may also
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be distributed in other forms, such as via the Internet or
other wired or wireless telecommunication systems. Any
reference signs in the claims should not be construed as
limiting the scope.

Claims

1. A method (200) for controlling a device (100) com-
prising a blood pressure sensor (102) for sensing
blood pressure, the method comprising:

determining (202) an angle of the device (100)
with respect to the direction of gravity;
identifying (204), in a displayed image of the us-
er, alocation of one or more anatomical features
of the user holding the device (100) relative to
a displayed predefined location range;
determining (206) a height of the blood pressure
sensor (102) relative to a heart level of the user
based on the determined angle of the device
with respect to the direction of gravity and the
identified location of the one or more anatomical
features of the user in the image relative to the
predefined location range; and

controlling (208) the device based on the deter-
mined height of the blood pressure sensor (102)
relative to the heart level of the user.

2. A method as claimed in claim 1, wherein the height
of the blood pressure sensor (102) is determined to
be different to the heart level of the user where one
or both of:

the determined angle of the device (100) with
respect to the direction of gravity is outside a
predefined angle range; and

the identified location of the one or more ana-
tomical features of the user is outside the pre-
defined location range.

3. A method as claimed in claim 1, wherein the height
of the blood pressure sensor (102) is determined to
be at the heart level of the user where one or both of:

the determined angle of the device (100) with
respect to the direction of gravity is within a pre-
defined angle range; and

the identified location of the one or more ana-
tomical features of the user is within the prede-
fined location range.

4. A method as claimed in any one of the preceding
claims, wherein controlling the device (100) based
on the determined height of the blood pressure sen-
sor comprises:
controlling the device (100) to output to the user one
or more of the determined angle of the device (100)
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with respect to the direction of gravity and the iden-
tified location of the one or more anatomical features
of the user when the height of the blood pressure
sensor (102)is determined to be different to the heart
level of the user.

A method as claimed in any one of the preceding
claims, wherein controlling the device (100) based
on the determined height of the blood pressure sen-
sor (102) comprises:

controlling the device (100) to output to the user an
instruction to adjust one or more of the angle of the
device (100) with respect to the direction of gravity
and the location of the one or more anatomical fea-
tures of the user when the height of the blood pres-
sure sensor (102) is determined to be different to the
heart level of the user.

A method as claimed in any one of the preceding
claims, wherein controlling the device (100) based
on the determined height of the blood pressure sen-
sor (102) comprises:

controlling the device (100) to output to the user an
error notification when the height of the blood pres-
sure sensor (102) is determined to be different to the
heart level of the user.

A method as claimed in any one of the preceding
claims, wherein controlling the device (100) based
on the determined height of the blood pressure sen-
sor (102) comprises:

controlling the blood pressure sensor (102) to ac-
quire a blood pressure measurement from the user
when the height of the blood pressure sensor (102)
is determined to be at the heart level of the user.

A method as claimed in any one of the preceding
claims, wherein controlling the device (100) based
on the determined height of the blood pressure sen-
sor (102) comprises:

controlling the blood pressure sensor (102) to
acquire a blood pressure measurement from the
user when the height of the blood pressure sen-
sor (102) is determined to be different to the
heart level of the user; and

adjusting the acquired blood pressure measure-
ment based on the difference between the
height of the blood pressure sensor (102) and
the heart level of the user.

9. A method as claimed in any one of the preceding

claims, wherein the one or more anatomical features
of the user comprise any one or more of:

one or both eyes of the user;
the mouth of the user;
the nose of the user;
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the facial outline of the user;
a neck of the user; and
one or more shoulders of the user.

10. A computer program product comprising a computer

readable medium, the computer readable medium
having computer readable code embodied therein,
the computer readable code being configured such
that, on execution by a suitable computer or proces-
sor, the computer or processor is caused to control
a device (100) comprising a blood pressure sensor
(102) for sensing blood pressure by implementing
the following steps:

determining (202) an angle of the device (100)
with respect to the direction of gravity;
identifying (204), in the displayed image of the
user, a location of one or more anatomical fea-
tures of the user holding the device (100) relative
to a displayed predefined location range;
determining (206) a height of the blood pressure
sensor (102) relative to a heart level of the user
based on the determined angle of the device
with respect to the direction of gravity and the
identified location of the one or more anatomical
features of the user in the image relative to the
predefined location range; and

controlling (208) the device based on the deter-
mined height of the blood pressure sensor (102)
relative to the heart level of the user;

from a determined angle value of the device and the
known direction of gravity, the image of the user to
be displayed and a range of predefined locations of
one or more anatomical features of a user holding
the device to be displayed.

11. A device (100) comprising:

a blood pressure sensor (102) for acquiring a
blood pressure measurement from a user hold-
ing the device (100); and

a control unit (104) configured to:

determine an angle of the device (100) with
respect to the direction of gravity;

identify, in a displayed image of the user, a
location of one or more anatomical features
of the user holding the device (100) relative
to a displayed predefined location range;
determine a height of the blood pressure
sensor (102) relative to a heart level of the
user based on the determined angle of the
device (100) with respect to the direction of
gravity and the identified location of the one
or more anatomical features of the user in
the image relative to the predefined location
range; and
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control the device (100) based on the de-
termined height of the blood pressure sen-
sor (102) relative to the heart level of the
user.

12. A device (100) as claimed in claim 11, the device

(100) further comprising:

an angular sensor (106),

wherein the control unit (104) is configured to
control the angular sensor (106) to determine
the angle of the device (100) with respect to the
direction of gravity.

13. A device (100) as claimed in any one of claims 11

or 12, the device (100) further comprising:

a camera (108),

wherein the control unit (104) is configured to
control the camera (108) to identify the location
of the one or more anatomical features of the
user when the user is, at least partially, in the
field of view of the camera (108).

14. A device (100) as claimed in any one of claims 11,

12, or 13, the device (100) further comprising:

a user interface (110),

wherein when the height of the blood pressure
sensor (102) is determined to be different to the
heart level of the user, the control unit (104) is
configured to control the user interface (110) to
output to the user any one or more of:

the determined angle of the device with re-
spect to the direction of gravity;

the identified location of the one or more
anatomical features of the user;

an instruction to adjust any one or more of
the angle of the device with respect to the
direction of gravity, the location of the one
or more anatomical features of the user, and
an angle of the body of the user; and

an error notification.

15. A device (100) as claimed in any one of claims 11

to 14, wherein the blood pressure sensor (102) com-
prises any one or more of:

a volume sensor; and
a pressure sensor.

Patentanspriiche

1.

Verfahren (200) zum Steuern einer Vorrichtung
(100), die einen Blutdrucksensor (102) zum Erfas-
sen des Blutdrucks umfasst, wobei das Verfahren
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umfasst:

Bestimmen (202) eines Winkels der Vorrichtung
(100) in Bezug aufdie Richtung der Schwerkraft;
Identifizieren (204), in einem angezeigten Bild
des Benutzers, eines Ortes von einem oder
mehreren anatomischen Merkmalen des Benut-
zers, der die Vorrichtung (100) halt, relativ zu
einem angezeigten vordefinierten Ortsbereich;
Bestimmen (206) einer Hohe des Blutdrucksen-
sors (102) relativ zu einem Herzniveau des Be-
nutzers basierend auf dem bestimmten Winkel
der Vorrichtung in Bezug auf die Richtung der
Schwerkraft und dem identifizierten Ortvon dem
einem oder den mehreren anatomischen Merk-
malen des Benutzers in dem Bild relativ zu dem
vordefinierten Ortsbereich; und

Steuern (208) der Vorrichtung basierend auf der
bestimmten Hohe des Blutdrucksensors (102)
relativ zu dem Herzniveau des Benutzers.

Verfahren nach Anspruch 1, wobei bestimmt wird,
dass sich die Hohe des Blutdrucksensors (102) von
dem Herzniveau des Benutzers unterscheidet, wenn
eines oder beide vorliegen von:

der bestimmte Winkel der Vorrichtung (100) in
Bezug aufdie Richtung der Schwerkraftliegt au-
Rerhalb eines vordefinierten Winkelbereichs;
und

der identifizierte Ort von dem einem oder den
mehreren anatomischen Merkmalen des Benut-
zers liegt aulRerhalb des vordefinierten Ortsbe-
reichs.

Verfahren nach Anspruch 1, wobei bestimmt wird,
dass sich die Hohe des Blutdrucksensors (102) auf
dem Herzniveau des Benutzers befindet, wenn ei-
nes oder beide vorliegen von:

derbestimmte Winkel der Vorrichtung (100) in Bezug
auf die Richtung der Schwerkraft liegt innerhalb ei-
nes vordefinierten Winkelbereichs; und der identifi-
zierte Ort von dem einem oder den mehreren ana-
tomischen Merkmalen des Benutzers liegtinnerhalb
des vordefinierten Ortsbereichs.

Verfahren nach einemdervorstehenden Anspriiche,
wobei das Steuern der Vorrichtung (100) basierend
auf der bestimmten Hohe des Blutdrucksensors um-
fasst:

Steuern der Vorrichtung (100), um einen oder meh-
rere von den bestimmten Winkeln der Vorrichtung
(100) in Bezug auf die Richtung der Schwerkraft und
dem identifizierten Ort von einem oder mehreren
anatomischen Merkmalen des Benutzers an den Be-
nutzer auszugeben, wenn bestimmt wird, dass sich
die Hohe des Blutdrucksensors (102) von dem Herz-
niveau des Benutzers unterscheidet.
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Verfahren nach einem dervorstehenden Anspriiche,
wobei das Steuern der Vorrichtung (100) basierend
auf der bestimmten Hohe des Blutdrucksensors
(102) umfasst:

Steuern der Vorrichtung (100), um eine Anweisung
zum Anpassen eines oder mehrerer von dem Winkel
der Vorrichtung (100) in Bezug auf die Richtung der
Schwerkraft und dem identifizierten Ort von einem
oder mehreren anatomischen Merkmalen des Be-
nutzers an den Benutzer auszugeben, wenn be-
stimmt wird, dass sich die Hohe des Blutdrucksen-
sors (102) von dem Herzniveau des Benutzers un-
terscheidet.

Verfahren nach einem dervorstehenden Anspriiche,
wobei das Steuern der Vorrichtung (100) basierend
auf der bestimmten Hohe des Blutdrucksensors
(102) umfasst:

Steuern der Vorrichtung (100), um eine Fehlerbe-
nachrichtigung an den Benutzer auszugeben, wenn
bestimmt wird, dass sich die Hohe des Blutdruck-
sensors (102) von dem Herzniveau des Benutzers
unterscheidet.

Verfahren nach einem dervorstehenden Anspriiche,
wobei das Steuern der Vorrichtung (100) basierend
auf der bestimmten Hohe des Blutdrucksensors
(102) umfasst:

Steuern des Blutdrucksensors (102), um eine Blut-
druckmessung von dem Benutzer zu erhalten, wenn
bestimmt wird, dass sich die Hohe des Blutdruck-
sensors (102) auf dem Herzniveau des Benutzers
befindet.

Verfahren nach einem dervorstehenden Anspriiche,
wobei das Steuern der Vorrichtung (100) basierend
auf der bestimmten Hohe des Blutdrucksensors
(102) umfasst:

Steuern des Blutdrucksensors (102), um eine Blut-
druckmessung vondem Benutzer zu erlangen, wenn
bestimmt wird, dass sich die Hohe des Blutdruck-
sensors (102) von dem Herzniveau des Benutzers
unterscheidet; und Anpassen der erlangten Blut-
druckmessung basierend aufder Differenzzwischen
der Héhe des Blutdrucksensors (102) und dem Herz-
niveau des Benutzers.

Verfahren nach einem dervorstehenden Anspriiche,
wobei das eine oder die mehreren anatomischen
Merkmale des Benutzers eines oder mehrere um-
fassen von:

einem oder beiden Augen des Benutzers;
dem Mund des Benutzers;

der Nase des Benutzers;

den Gesichtsumrissen des Benutzers;

einem Hals des Benutzers; und

einer oder mehreren Schultern des Benutzers.
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10. Computerprogrammprodukt, umfassend ein compu-

terlesbares Medium, wobei das computerlesbare
Medium darauf verkorperten computerlesbaren Co-
de aufweist, wobei der computerlesbare Code kon-
figuriert ist, sodass bei Ausfihrung durch einen ge-
eigneten Computer oder Prozessor der Computer
oder Prozessor veranlasst wird, eine Vorrichtung
(100), die einen Blutdrucksensor (102) zum Erfas-
sen des Blutdrucks umfasst, zu steuern, durch Imp-
lementieren der folgenden Schritte:

Bestimmen (202) eines Winkels der Vorrichtung
(100) in Bezug aufdie Richtung der Schwerkraft;
Identifizieren (204), in einem angezeigten Bild
des Benutzers, eines Ortes von einem oder
mehreren anatomischen Merkmalen des Benut-
zers, der die Vorrichtung (100) halt, relativ zu
einem angezeigten vordefinierten Ortsbereich;
Bestimmen (206) einer Hohe des Blutdrucksen-
sors (102) relativ zu einem Herzniveau des Be-
nutzers basierend auf dem bestimmten Winkel
der Vorrichtung in Bezug auf die Richtung der
Schwerkraft und dem identifizierten Ort von dem
einem oder den mehreren anatomischen Merk-
malen des Benutzers in dem Bild relativ zu dem
vordefinierten Ortsbereich; und

Steuern (208) der Vorrichtung basierend auf der
bestimmten Hohe des Blutdrucksensors (102)
relativ zu dem Herzniveau des Benutzers;

von einem vorbestimmten Winkelwert der Vor-
richtung und der bekannten Richtung der
Schwerkraft, des Bildes des Benutzers, das an-
gezeigtwerden soll, und eines Bereichs von vor-
definierten Orten von dem einen oder den meh-
reren Merkmalen eines Benutzers, der die Vor-
richtung halt, der angezeigt werden soll.

11. Vorrichtung (100), umfassend:

einen Blutdrucksensor (102) zum Erlangen ei-
ner Blutdruckmessung von einem Benutzer, der
die Vorrichtung (100) halt; und

eine Steuereinheit (104), die konfiguriert ist
zum:

Bestimmen eines Winkels der Vorrichtung
(100) in Bezug aufdie Richtung der Schwer-
kraft;

Identifizieren, in einem angezeigten Bild
des Benutzers, eines Ortes von einem oder
mehreren anatomischen Merkmalen des
Benutzers, der die Vorrichtung (100) halt,
relativ zu einem angezeigten vordefinierten
Ortsbereich;

Bestimmen einer Héhe des Blutdrucksen-
sors (102) relativ zu einem Herzniveau des
Benutzers basierend auf dem bestimmten
Winkel der Vorrichtung (100) in Bezug auf
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die Richtung der Schwerkraft und demiden-
tifizierten Ortvon dem einem oder den meh-
reren anatomischen Merkmalen des Benut-
zers in dem Bild relativ zu dem vordefinier-
ten Ortsbereich; und

Steuern der Vorrichtung (100) basierend
auf der bestimmten HOohe des Blutdruck-
sensors (102) relativ zu dem Herzniveau
des Benutzers.

Vorrichtung (100) nach Anspruch 11, wobei die Vor-
richtung (100) weiter umfasst:

einen Winkelsensor (106),

wobei die Steuereinheit (104) konfiguriertist, um
den Winkelsensor (106) zu steuern, um den
Winkel der Vorrichtung (100) in Bezug auf die
Richtung der Schwerkraft zu bestimmen.

Vorrichtung (100) nach einem der Anspriiche 11
oder 12, wobei die Vorrichtung (100) weiter umfasst:

eine Kamera (108),

wobei die Steuereinheit (104 ) konfiguriertist, um
die Kamera (108) zu steuern, um den Ort von
dem einen oder den mehreren anatomischen
Merkmalen des Benutzers zu identifizieren,
wenn sich der Benutzer zumindest teilweise in
dem Sichtfeld befindet der Kamera (108).

Vorrichtung (100) nach einem der Anspriiche 11, 12
oder 13, wobei die Vorrichtung (100) weiter umfasst:

eine Benutzerschnittstelle (110),

wobei, wenn bestimmt wird, dass sich die Hohe
des Blutdrucksensors (102) von dem Herzni-
veau des Benutzers unterscheidet, die Steuer-
einheit (104) konfiguriert ist, um die Benutzer-
schnittstelle (110) zu steuern, um an den Benut-
zer eines oder mehrere auszugeben von:

dem bestimmten Winkel der Vorrichtung in
Bezug auf die Richtung der Schwerkraft;
dem identifiziertem Ort von dem einen oder
den mehreren anatomischen Merkmalen
des Benutzers;

einer Anweisung, eines oder mehrere von
dem Winkel der Vorrichtung in Bezug auf
die Richtung der Schwerkraft, dem Ort von
dem einen oder den mehreren anatomi-
schen Merkmalen des Benutzers und ei-
nem Korperwinkel des Benutzers anzupas-
sen; und

einer Fehlermeldung.

15. Vorrichtung (100) nach einem der Anspriiche 11 bis

14, wobei der Blutdrucksensor (102) eines oder
mehrere umfasst von:
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einem Volumensensor; und
einem Drucksensor.

Revendications

Procédé (200) pour commander un dispositif (100)
comprenant un capteur de pression sanguine (102)
pour capter la pression sanguine, le procédé
comprenant :

la détermination (202) d’'un angle du dispositif
(100) par rapport au sens de la pesanteur ;
l'identification (204), dans une image affichée
de l'utilisateur, d’une localisation d’'un ou plu-
sieurs sites anatomiques de l'utilisateur portant
le dispositif (100) par rapport a une plage pré-
définie affichée de localisations ;

la détermination (206) d’'une hauteur du capteur
de pression sanguine (102) par rapport a un ni-
veau du cceur de I'utilisateur sur la base de I'an-
gle déterminé du dispositif par rapport au sens
de la pesanteur et de la localisation identifiée
des un ou plusieurs sites anatomiques de l'uti-
lisateur dans I'image par rapport a la plage pré-
définie de localisations ; et

la commande (208) du dispositif sur la base de
la hauteur déterminée du capteur de pression
sanguine (102) par rapport au niveau du cceur
de l'utilisateur.

Procédé selon larevendication 1, danslequel lahau-
teur du capteur de pression sanguine (102) est dé-
terminée comme différente du niveau du coeur de
I'utilisateur dans le cas d’'une ou des deux situations
suivantes :

I'angle déterminé du dispositif (100) par rapport
ausensde lapesanteur se situe endehorsd’'une
plage prédéfinie d’angles ; et

lalocalisation identifiée des un ou plusieurs sites
anatomiques se situe en dehors de la plage pré-
définie de localisations.

Procédé selon larevendication 1, danslequellahau-
teur du capteur de pression sanguine (102) est dé-
terminée pour étre au niveau du coeur de l'utilisateur
dans le cas d'une deux ou des deux situations
suivantes :

I'angle déterminé du dispositif (100) par rapport
au sens de la pesanteur se situe dans une plage
prédéfinie d’angles ; et

lalocalisation identifiée des un ou plusieurs sites
anatomiques se situe dans la plage prédéfinie
de localisations.

4. Procédé selon 'une quelconque des revendications
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précédentes, dans lequel la commande du dispositif
(100) sur la base de la hauteur déterminée du cap-
teur de pression sanguine comprend :

la commande du dispositif (100) pour délivrer a I'uti-
lisateur un(e) ou plusieurs de I'angle déterminé du
dispositif (100) par rapport au sens de la pesanteur
et de la localisation identifiée des un ou plusieurs
sites anatomiques de I'utilisateur lorsque la hauteur
du capteur de pression sanguine (102) est détermi-
née comme étant différente du niveau du coeur de
I'utilisateur.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel la commande du dispositif
(100) sur la base de la hauteur déterminée du cap-
teur de pression sanguine (102) comprend :

la commande du dispositif (100) pour délivrer a I'uti-
lisateur une instruction pour ajuster un(e) ou plu-
sieurs de I'angle du dispositif (100) par rapport au
sens de la pesanteur et de la localisation des un ou
plusieurs sites anatomiques de l'utilisateur lorsque
la hauteur du capteur de pression sanguine (102)
est déterminée comme étant différente du niveau du
coeur de I'utilisateur.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel la commande du dispositif
(100) sur la base de la hauteur déterminée du cap-
teur de pression sanguine (102) comprend :

la commande du dispositif (100) pour délivrer a I'uti-
lisateur une notification d’erreur lorsque la hauteur
du capteur de pression sanguine (102) est détermi-
née comme étant différente du niveau du coeur de
I'utilisateur.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel la commande du dispositif
(100) sur la base de la hauteur déterminée du cap-
teur de pression sanguine (102) comprend :
lacommande du capteur de pression sanguine (102)
pour acquérir une mesure de pression sanguine de
I'utilisateurlorsque la hauteur du capteur de pression
sanguine (102) est déterminée comme se situant au
niveau du coeur de I'utilisateur.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel la commande du dispositif
(100) sur la base de la hauteur déterminée du cap-
teur de pression sanguine (102) comprend :

la commande du capteur de pression sanguine
(102) qui acquérir une mesure de pression san-
guine de l'utilisateur lorsque la hauteur du cap-
teur de pression sanguine (102) est déterminée
comme étant différente du niveau du cceur de
I'utilisateur ; et

I'ajustement de la mesure de pression sanguine
acquise sur la base de la différence entre la hau-
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teur du capteur de pression sanguine (102) et
le niveau du cceur de l'utilisateur.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel les un ou plusieurs sites
anatomiques de l'utilisateur comprennent I'un quel-
conque ou plusieurs des suivants :

un seul ou les deux yeux de I'utilisateur ;
la bouche de l'utilisateur ;

le nez de l'utilisateur ;

le profil facial de l'utilisateur ;

un cou de l'utilisateur ; et

une ou plusieurs épaules de l'utilisateur.

Produit de programme d’ordinateur comprenant un
support lisible par ordinateur, le support lisible par
ordinateur ayant un code lisible par ordinateur qui y
est mis en ceuvre, le code lisible par ordinateur étant
configuré de sorte que, lors de I'exécution par un
ordinateur ou un processeur approprié, I'ordinateur
ou le processeur soit amené a commander un dis-
positif (100) comprenant un capteur de pression san-
guine (102) pour capter la pression sanguine en met-
tant en ceuvre les étapes suivantes :

la détermination (202) d’'un angle du dispositif
(100) par rapport au sens de la pesanteur ;
l'identification (204), dans l'image affichée de
I'utilisateur, d’'une localisation d’un ou plusieurs
sites anatomiques de l'utilisateur portant le dis-
positif (100) par rapport a une plage prédéfinie
affichée de localisations ;

la détermination (206) d’'une hauteur du capteur
de pression sanguine (102) par rapport a un ni-
veau du cceur de I'utilisateur sur la base de I'an-
gle déterminé du dispositif par rapport au sens
de la pesanteur et de la localisation identifiée
des un ou plusieurs sites anatomiques de l'uti-
lisateur dans I'image par rapport a la plage pré-
définie de localisations ; et

la commande (208) du dispositif sur la base de
la hauteur déterminée du capteur de pression
sanguine (102) par rapport au niveau du cceur
de l'utilisateur ;

a partir d’'une valeur angulaire déterminée du
dispositif et du sens connu de la pesanteur, de
l'image de l'utilisateur a afficher et d’une plage
de localisations prédéfinies d’'un ou plusieurs si-
tes anatomiques d’un utilisateur portant le dis-
positif a afficher.

11. Dispositif (100) comprenant :

un capteur de pression sanguine (102) pour ac-
quérir une mesure de pression sanguine d’un
utilisateur portant le dispositif (100) ; et

une unité de commande (104) configurée pour :

]
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déterminer un angle du dispositif (100) par
rapport au sens de la pesanteur ;
identifier, dans une image affichée de l'uti-
lisateur, une localisation d’un ou plusieurs
sites anatomiques de I'utilisateur portant le
dispositif (100) par rapport a une plage pré-
définie affichée de localisations ;
déterminer une hauteur du capteur de pres-
sion sanguine (102) par rapport a un niveau
de cceur de I'utilisateur surlabase de'ange
déterminé du dispositif (100) par rapport au
sens de la pesanteur et de la localisation
identifiée des un ou plusieurs sites anato-
miques de l'utilisateur dans I'image par rap-
port a la plage prédéfinie de localisations ;
et

commander le dispositif (100) sur la base
de la hauteur déterminée du capteur de
pression sanguine (102) par rapport au ni-
veau du cceur de I'utilisateur.

12. Dispositif (100)selon larevendication 11, le dispositif
(100) comprenant en outre :

un capteur angulaire (106),

dans lequel I'unité de commande (104) est con-
figurée pour commander le capteur angulaire
(106) afin de déterminer I'angle du dispositif
(100) par rapport au sens de la pesanteur.

13. Dispositif (100) selon I'une quelconque des reven-
dications 11 ou 12, le dispositif (100) comprenant en
outre :

une caméra (108),

dans lequel I'unité de commande (104) est con-
figurée pour commander la caméra (108) afin
d’identifier la localisation des un ou plusieurs si-
tes anatomiques de I'utilisateur lorsque I'utilisa-
teur se trouve au moins en partie dans le champ
de vision de la caméra (108).

14. Dispositif (100) selon I'une quelconque des reven-
dications 11, 12 ou 13, le dispositif (100) comprenant
en outre :

une interface utilisateur (110),

dans lequel, lorsque la hauteur du capteur de
pression sanguine (102) est déterminée comme
étant différente du niveau du coeur de I'utilisa-
teur, I'unité de commande (104) est configurée
pour commander l'interface utilisateur (110) afin
de délivrer a I'utilisateur I'un quelconque ou plu-
sieurs des éléments suivants :

I'angle déterminé du dispositif par rapport
au sens de la pesanteur ;
la localisation identifiée des un ou plusieurs
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sites anatomiques de I'utilisateur ;
une instruction pour ajuster I'un(e) quelcon-
que ou plus de I'angle du dispositif par rap-
port au sens de la pesanteur, de la locali-
sation des un ou plusieurs sites anatomi- 5
ques de I'utilisateur et d’un angle du corps
de l'utilisateur ; et
une notification d’erreurs.

15. Dispositif (100) selon I'une quelconque des reven- 10
dications 11 a 14, dans lequel le capteur de pression
sanguine (102) comprend I'un quelconque ou plus
des suivants :

un capteur de volume ; et 15
un capteur de pression.
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