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(57)  Thereis provided an apparatus (12) for use with
a wearable cuff (14). The wearable cuff (14) is for use in
measuring blood pressure. The apparatus (12) is config-
ured to acquire a plurality of pressure signals. Each of
the plurality of pressure signals are indicative of a pres-
sure in the wearable cuff (14) during a period for meas-
uring blood pressure. The apparatus (12) is configured
to, for each of the plurality of acquired pressure signals,

Fig. 1

determine a measure of a quality of the acquired pressure
signal based on one or more parameters derived from
artifacts identified in the acquired pressure signal. The
apparatus (12)is also configured to determine a measure
of a quality of the wearable cuff (14) based on the deter-
mined measures of the quality of the acquired pressure
signals.
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Description
BACKGROUND OF THE INVENTION

[0001] Blood pressure (BP) or, more precisely, arterial
blood pressure, is the pressure exerted by circulating
blood on the arterial vessel walls. It is one of the key vital
signs to establish patient well-being and therefore needs
to be monitored for patients at risk. Blood pressure is a
periodic signal, which rises at each contraction of the
heart and decreases in between heart beats. Itis typically
described by systolic blood pressure (SBP), diastolic
blood pressure (DBP) and mean arterial blood pressure
(MAP), where systolic blood pressure is the maximum
blood pressure during heart cycle, diastolic blood pres-
sure is the minimum blood pressure during heart cycle,
and mean arterial blood pressure is the average blood
pressure during a heart cycle.

[0002] Different techniques exist by which blood pres-
sure can be determined and these can be classified as
invasive or non-invasive blood pressure measurement
techniques. Typically, non-invasive blood pressure
(NIBP) measurement techniques are cuff-based, which
require an inflatable cuff to be placed around a limb
(which is usually the upper arm) of a subject. The pres-
sure in the cuff is then changed to infer blood pressure.
There are two common methods that use a cuff in this
way, which are referred to in the art as the auscultatory
method and the oscillometric method respectively.
[0003] The auscultatory method for NIBP measure-
ment is based on the appearance and disappearance of
sounds created by the artery under the cuff during the
period that the cuff pressure is changed. These sounds
are referred to in the art as Korotkoff sounds. The pres-
sures at which the Korotkoff sounds appear and vanish
are indicative of DBP and SBP with Korotkoff sounds
appearing at each heart beat between DBP and SBP.
The measurement of sound can be performed manually
with a stethoscope that is placed over the artery just be-
low the cuff, or in an automated way with a microphone
under the cuff.

[0004] In the oscillometric method for NIBP measure-
ment, the systolic and diastolic blood pressure values
are based on small volume oscillations or pressure os-
cillations that are induced in the cuff by each heart beat.
The amplitude of these volume or pressure oscillations
depends on the difference between the cuff pressure and
the actual arterial blood pressure. Systolic blood pres-
sure and diastolic blood pressure are then determined
as the cuff pressure where the volume or pressure oscil-
lations have amplitudes of a certain fraction of the max-
imum oscillation amplitude. These fractions are typically
heuristically determined.

[0005] Inboth the auscultatory and oscillometric meth-
od, the mean arterial pressure is typically calculated as:
MAP = 2/3*DBP + 1/3*SBP.

[0006] The oscillometric and auscultatory measure-
ment methods can be performed either during inflation
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of the cuff or during deflation of the cuff. Conventionally,
measurements during deflation are used, in which the
cuff is rapidly inflated to a level above the SBP where the
blood flow in the artery under the cuff is blocked, after
which cuff pressure is decreased gradually or in a step-
wise manner. During deflation, the volume or pressure
oscillations or the Korotkoff sounds are measured. While
deflation stage NIBP measurement is well-established,
an issue exists in the discomfort it introduces to the sub-
ject. In particular, the subject is exposed to a relatively
high cuff pressure for a certain amount of time and pres-
sures above a certain level can be uncomfortable and
even painful, either due to the pressure exerted by the
cuff itself or due to a build-up of venous blood in the
clamped extremity (namely, venous pooling). The longer
these pressures are applied to the subject, the higher the
discomfort level is for the subject.

[0007] Another issue with utilizing the deflation based
NIBP measurement is that the process of inflating the
cuff and then deflating the cuff can be considerably long,
where each NIBP measurement during deflation typically
takes 40 seconds to complete. Also, since a defined max-
imum pressure level needs to be achieved before the
deflation procedure can be initiated, the subject is ex-
posed to a maximum cuff pressure that is higher than
that required for the blood pressure measurement itself.
Furthermore, the inherent variability of blood pressure
over time can distort a single blood pressure measure-
ment.

[0008] Due to these issues, apparatus have been de-
veloped that determine pressure oscillations during in-
flation of the cuff. These apparatus can reduce the dis-
comfort as a blood pressure measurement may be ac-
complished in less time using the inflation stage, rather
than the deflation stage. In order to have the measure-
ment time as short as possible without sacrificing accu-
racy, the cuff inflation speed can be made pulse rate de-
pendent such that the optimal number of pressure oscil-
lations (i.e. enough to assure a certain accuracy but no
more) is present for determining blood pressure. Thus,
once the pressure range of interest is achieved at the
inflation stage, pressure relief may be initiated so as to
reduce the overall measurement time and the pressure-
based discomfort.

[0009] However, in general, non-invasive blood pres-
sure (NIBP) measurements are easily distorted due to
the small amplitude of the pressure oscillations. One
such distortion results from slippage of the cuff, which
introduces an artifactin the pressure signal acquired from
the cuff. The artifact can be misinterpreted as pressure
oscillations in the pressure signal. As such, existing in-
flation-based techniques that measure blood pressure
from this pressure signal can lead to inaccurate (e.g.
false) or even unsuccessful blood pressure measure-
ments. In the worst case, the inaccurate or unsuccessful
blood measurements can resultin a medical professional
(e.g. a physician or nurse) making an incorrect diagnosis
or initiating the wrong action. There exist methods that
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discard blood pressure measurements on detection of
an artifact. However, it may be the case that the artifact
does not actually originate from slippage of the cuff and
instead is a result of the quality of the cuff degrading.
[0010] This can be problematic as, if a cuff with a low
quality is not discarded timely, various consequences
may result, e.g. inflation-based NIBP measurements
may need to be repeated more often, there may be a
high failure rate for inflation-based NIBP measurements,
deflation-based NIBP measurements may be used in-
stead (which are uncomfortable for the subject), and so
on. US 7, 070, 566 discloses a technique for obtaining
an overall quality assessment based on individual quality
values for feature measurements of pulse oscillations.
However, there may be confounding factors (e.g. cuff
slippage) that affect the quality of pressure signals for a
wearable cuff, which may cause an inaccurate and un-
reliable quality assessment. For example, the cuff may
be of high quality when alow quality assessment is made
due to the negative influence that these confounding fac-
tors have on the pulse.

SUMMARY OF THE INVENTION

[0011] As noted above, the limitation associated with
existing techniques for quality assessment of a wearable
cuff is that they are limited in their ability to provide an
accurate and reliable assessment of quality because of
confounding factors (e.g. cuff slippage) on a single meas-
urement instant, which can occur due to a particular
measurement configuration in that instant. These con-
founding factors may affect the quality assessment and
cause erroneous results. It would thus be valuable to
address this limitation and provide an improved quality
assessment.

[0012] Therefore, according to a first aspect, there is
provided an apparatus for use with a wearable cuff. The
wearable cuff is for use in measuring blood pressure.
The apparatus is configured to acquire a plurality of pres-
sure signals. Each of the plurality of pressure signals are
indicative of a pressure in the wearable cuff during a pe-
riod for measuring blood pressure. The apparatus is con-
figured to, for each of the plurality of acquired pressure
signals, determine a measure of a quality of the acquired
pressure signal based on one or more parameters de-
rived from artifacts identified in the acquired pressure
signal. The apparatus is also configured to determine a
measure of a quality of the wearable cuff based on the
determined measures of the quality of the acquired pres-
sure signals.

[0013] In some embodiments, the apparatus may be
configured to determine the measure of the quality of the
wearable cuff based on a trend in the determined meas-
ures of the quality of the acquired pressure signals. In
some embodiments, the apparatus may be configured
to determine the measure of the quality of the wearable
cuff based on the determined measures of the quality of
the acquired pressure signals and information on one or
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more properties of the wearable cuff.

[0014] In some embodiments, the apparatus may be
configured to, for each of the plurality of acquired pres-
sure signals, determine the measure of the quality of the
acquired pressure signal by being configured to compare
the one or more parameters to one or more correspond-
ing parameters associated with at least one wearable
cuff for which a measure of a quality of the at least one
wearable cuff is predetermined.

[0015] In some embodiments, the measures of the
quality of the acquired pressure signals may comprise
binary measures of the quality of the acquired pressure
signals or probabilistic measures of the quality of the ac-
quired pressure signals.

[0016] In some embodiments, the determined meas-
ure of the quality of the wearable cuff may be indicative
of a suitability of the wearable cuff for use in measuring
blood pressure. In some embodiments, the determined
measure of the quality of the wearable cuff may be indic-
ative of the wearable cuff being suitable for use in meas-
uring blood pressure during inflation of the wearable culff,
the wearable cuff being suitable for use in measuring
blood pressure during deflation of the wearable cuff, or
the wearable cuff being unsuitable for use in measuring
blood pressure.

[0017] In some embodiments, the apparatus may be
configured to determine whether the wearable cuff is to
be discarded or replaced based on the determined meas-
ure of the quality of the wearable cuff.

[0018] In some embodiments, the one or more param-
eters may comprise any one or more of: a number of
occurrences of artifacts in the acquired pressure signal,
anumber of occurrences of artifacts in the acquired pres-
sure signal that fall within a cardiac cycle, an average
time between occurrences of artifacts in the acquired
pressure signal, an average intensity of artifacts in the
acquired pressure signal, a ratio of a cumulative sum of
amplitudes of artifacts in the acquired pressure signal to
a cumulative sum of amplitudes of oscillations in the ac-
quired pressure signal, a ratio of an average of ampli-
tudes of artifacts in the acquired pressure signal to an
average of amplitudes of oscillations in the acquired pres-
sure signal, and a ratio of a maximum of amplitudes of
artifacts in the acquired pressure signal to a maximum
of amplitudes of oscillations in the acquired pressure sig-
nal.

[0019] Insomeembodiments, the period for measuring
blood pressure may comprise a period in which the wear-
able cuff is inflated and/or deflated for measuring blood
pressure.

[0020] In some embodiments, the apparatus may be
configured to determine the measures of the quality of
the acquired pressure signals using any one or more of
a trained classifier, a regression analysis, a support vec-
tor machine, and a neural network algorithm.

[0021] In some embodiments, the apparatus may be
configured to identify the wearable cuff for which the
measure of the quality is determined.
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[0022] In some embodiments, the apparatus may be
configured to control a user interface to render an indi-
cation of the measure of the quality of the wearable cuff.
[0023] Accordingto a second aspect, there is provided
a method of operating an apparatus for use with a wear-
able cuff. The wearable cuffis for use in measuring blood
pressure. The method comprises acquiring a plurality of
pressure signals. Each of the plurality of pressure signals
are indicative of a pressure in the wearable cuff during a
period for measuring blood pressure. The method com-
prises, for each of the plurality of acquired pressure sig-
nals, determining a measure of a quality of the acquired
pressure signal based on one or more parameters de-
rived from artifacts identified in the acquired pressure
signal. The method also comprises determining a meas-
ure of a quality of the wearable cuff based on the deter-
mined measures of the quality of the acquired pressure
signals.

[0024] According to a third aspect, there is provided a
computer program product comprising a computer read-
able 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 processor, the computer or
processor is caused to perform the method described
above.

[0025] According to the aspects and embodiments de-
scribed above, the limitation associated with existing
techniques is addressed. In particular, the above-de-
scribed aspects and embodiments enable an improved
quality assessment for a wearable cuff by determining a
measure of a quality of the wearable cuff in the manner
described. In particular, as the overall assessment of the
quality of the wearable cuff is made based on measures
of a quality of a plurality of acquired pressure signal in
respect of various periods for measuring blood pressure
and using one or more parameters derived from artifacts
identified in the plurality of acquired pressure signal, the
quality assessment is more reliable since confounding
factors (e.g. cuff slippage) on a single measurement in-
stant, which can occur due to a particular measurement
configuration in that instant, can be detected and ac-
counted for in the measures of the quality of the acquired
pressure signals that are determined. For example, the
above-described aspects and embodiments make it pos-
sible toidentify situations where confounding factors (e.g.
cuff slippage) are affecting the quality of pressure signals
for a wearable cuff, while the wearable cuff itself is actu-
ally of a high quality, and can thus provide a more reliable
quality assessment for the wearable cuff.

[0026] In this way, a more reliable inference about cuff
quality degradation can be obtained, such that a weara-
ble cuff with low quality can be discarded timely. The
improved quality assessment for a wearable cuff can aid
in increasing the reliability of blood pressure measure-
ments in which a wearable cuff is used, which in turn
reduces or even eliminates failed blood pressure meas-
urements. The blood pressure measurements can also
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be acquired faster, since the need to repeat blood pres-
sure measurements is reduced or even eliminated.
[0027] The limitation associated with existing tech-
niques is therefore addressed by way of the above-de-
scribed aspects and embodiments.

[0028] These and other aspects will be apparent from
and elucidated with reference to the embodiment(s) de-
scribed hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] Exemplary embodiments willnow be described,
by way of example only, with reference to the following
drawings, in which:

Fig. 1 is a simplified schematic illustration of an ap-
paratus in use with a wearable cuff according to an
example embodiment;

Fig. 2is aflow chartillustrating a method of operating
the apparatus according to an embodiment;

Figs. 3(a)-(b) are graphical illustrations of a pressure
signal over time for two different wearable cuffs ac-
cording to an embodiment;

Figs. 3(c)-(d) are graphicalillustrations of oscillations
of a rate signal over time for the two different wear-
able cuffs according to the embodiment; and

Figs. 4(a)-(f) are graphical illustrations of example
parameters derived from artifacts identified in an ac-
quired pressure signal from two different cuffs ac-
cording to the embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0030] There is provided herein an apparatus for use
with a wearable cuff (or clamp unit), which overcomes
the limitation associated with existing techniques. The
apparatus described herein can be a non-invasive blood
pressure (NIBP) apparatus (e.g. a NIBP measurement
apparatus), a server (e.g. a decision server), or any other
type of apparatus.

[0031] The wearable cuff referred to herein is for use
in measuring blood pressure. The wearable cuff is inflat-
able to pressurize a measurement site of a subject (e.g.
a patient). In this way, the wearable cuff can pressurize
an artery in the measurement site of the subject. The
wearable cuff referred to herein can also be inflatable to
pressurize a phantom (or dummy) of a body part, e.g. an
arm or leg phantom. The phantom may, for example,
comprise arigid cylinder. Typically, the wearable cuff can
be supplied with a fluid (e.g. a gas, such as air, or any
other fluid) suitable for inflating the wearable cuff. The
wearable cuff can be inflatable to pressurize the meas-
urement site of a subject (and thus an artery in the meas-
urement site of the subject) or a phantom of a body part
atthe pressure of the fluid in the wearable cuff. The wear-
able cuff can be for use in NIBP measurements, such as
deflation-based NIBP measurements and/or inflation-
based NIBP measurements.
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[0032] The wearable cuff is configured to be worn on
or around (e.g. wrapped around, attached to, or fastened
to) the measurement site of the subject and/or a phantom
of a body part. The measurement site of the subject can
be any site on the body of the subject that is suitable for
use in measuring a blood pressure of the subject, such
as any site on the body of the subject that comprises an
artery. For example, the measurement site of the subject
may be located on a limb of the subject, such as an arm
(e.g. an upper arm or a forearm) of the subject. Thus, the
wearable cuff can be configured to be worn on or around
(e.g. wrapped around, attached to, or fastened to) a limb
of the subject. The subject referred to herein can be,
for example, an adult or a pediatric subject, e.g. an
infant, a child or an adolescent. An infant can, for ex-
ample, be a neonate, such as a pre-term or premature
infant, a full-term infant or a post-term infant.

[0033] Briefly, the apparatus described herein is con-
figured to acquire a plurality of pressure signals. Each of
the plurality of pressure signals is indicative of a pressure
in the wearable cuff during a period for measuring blood
pressure. That is, each of the plurality of acquired pres-
sure signals are indicative of a pressure in the wearable
cuff during a respective period of a plurality of periods
for measuring blood pressure. The apparatus described
herein is also configured to, for each of the plurality of
acquired pressure signals, determine a measure of a
quality of the acquired pressure signal based on one or
more parameters derived from artifacts identified (or de-
tected) in the acquired pressure signal. The apparatus
described herein is further configured to determine a
measure of a quality of the wearable cuff based on the
determined measures of the quality of the acquired pres-
sure signals.

[0034] Any references herein to "pressure signal" or
"acquired pressure signal" will be understood to mean a
pressure signal or an acquired pressure signal indicative
of the pressure in the wearable cuff during a period for
measuring blood pressure. Similarly, any references
herein to "acquired plurality of pressure signals" will be
understood to mean an acquired plurality of pressure sig-
nals each being indicative of the pressure in the wearable
cuffduring a period for measuring blood pressure. A pres-
sure signal or an acquired pressure signal indicative of
a pressure in the wearable cuff during a blood pressure
measurement may include oscillations in pressure (or
pressure oscillations).

[0035] The apparatus described herein can be imple-
mented in numerous ways, with software and/or hard-
ware, to perform the various functions described herein.
In particular implementations, the apparatus can com-
prise a plurality of software and/or hardware modules,
each configured to perform, or that are for performing,
individual or multiple steps of the method described here-
in. The apparatus may comprise one or more processors
(such as one or more microprocessors, one or more mul-
ti-core processors and/or one or more digital signal proc-
essors (DSPs)), one or more processing units, and/or
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one or more controllers (such as one or more microcon-
trollers) that may be configured or programmed (e.g. us-
ing software or computer program code) to perform the
various functions described herein. The apparatus may
be implemented as a combination of dedicated hardware
(e.g. amplifiers, pre-amplifiers, analog-to-digital conver-
tors (ADCs) and/or digital-to-analog convertors (DACs))
to perform some functions and a processor (e.g. one or
more programmed microprocessors, DSPs and associ-
ated circuitry) to perform other functions.

[0036] Fig. 1 illustrates the apparatus 12 according to
an example embodiment in use with a wearable cuff 14.
The wearable cuff 14 is for use in measuring blood pres-
sure. There is thus also provided a system 10 comprising
the apparatus 12 and the wearable cuff 14. As mentioned
earlier, the wearable cuff 14 is inflatable to pressurize a
measurement site 20 of a subject 18. In the example
embodiment illustrated in Fig. 1, the measurement site
20 of the subject 18 is located on the arm or, more spe-
cifically, the upper arm of the subject 18. Thus, the cuff
14 is worn on or around (e.g. wrapped around, attached
to, or fastened to) the upper arm of the subject 18 in this
illustrated example embodiment.

[0037] Although not illustrated in Fig. 1, in some em-
bodiments, the system 10 may comprise at least one
pressure sensor. The at least one pressure sensor can
be configured to obtain one or more pressure signals. In
these embodiments, the apparatus 12 can be configured
to acquire one or more of the plurality of pressure signals
from the at least one pressure sensor. Therefore, the
acquired plurality of pressure signals may comprise at
least one current pressure signal (e.g. at least one pres-
sure signal currently or presently obtained) according to
some embodiments.

[0038] In some embodiments, the apparatus 12 de-
scribed herein may comprise at least one pressure sen-
sor. Alternatively orin addition, atleastone pressure sen-
sor may be external to (e.g. separate to or remote from)
the apparatus 12. For example, in some embodiments,
the cuff 14 itself may comprise at least one pressure sen-
sor. In some embodiments, the at least one pressure
sensor can be controllable by the apparatus 12 or, more
specifically, a processor (not illustrated in Fig. 1) of the
apparatus 12 to obtain the plurality of pressure signals.
The apparatus 12 (or a processor of the apparatus 12)
may communicate with and/or connect to the atleastone
pressure sensorin any suitable way to control the at least
one pressure Sensor.

[0039] Although also not illustrated in Fig. 1, in some
embodiments, the system 10 may comprise a communi-
cations interface (or communications circuitry). In some
embodiments, the apparatus 12 described herein may
comprise a communications interface. Alternatively or in
addition, the communications interface may be external
to (e.g. separate to or remote from) the apparatus 12.
The communications interface can be for enabling the
apparatus 12, or components of the apparatus 12 (e.g.
a processor of the apparatus 12), to communicate with
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and/or connect to one or more other components, sen-
sors, interfaces, devices, or memories (such as any of
those described herein). For example, the communica-
tions interface can be for enabling the apparatus 12 (or
a processor of the apparatus 12) to communicate with
and/or connect to the at least one pressure sensor de-
scribed earlier.

[0040] The communications interface may enable the
apparatus 12, or components of the apparatus 12, to
communicate and/or connect in any suitable way. For
example, the communications interface may enable the
apparatus 12, or components of the apparatus 12, to
communicate and/or connect wirelessly, via a wired con-
nection, or via any other communication (or data transfer)
mechanism. In some wireless embodiments, for exam-
ple, the communications interface may enable the appa-
ratus 12, or components of the apparatus 12, to use radio
frequency (RF), Bluetooth, or any other wireless commu-
nication technology to communicate and/or connect.
[0041] Although also not illustrated in Fig. 1, in some
embodiments, the system 10 may comprise at least one
memory. In some embodiments, the apparatus 12 de-
scribed herein may comprise at least one memory. Al-
ternatively or in addition, at least one memory may be
external to (e.g. separate to or remote from) the appara-
tus 12. For example, a hospital database may comprise
the memory, the memory may be a cloud computing re-
source, or similar. The apparatus 12 (or a processor of
the apparatus 12) may be configured to communicate
with and/or connect to at least one memory. A memory
may comprise any type of non-transitory machine-read-
able medium, such as cache or system memory including
volatile and non-volatile computer memory such as ran-
dom access memory (RAM), static RAM (SRAM), dy-
namic RAM (DRAM), read-only memory (ROM), pro-
grammable ROM (PROM), erasable PROM (EPROM),
and electrically erasable PROM (EEPROM). In some em-
bodiments, at least one memory can be configured to
store program code that can be executed by a processor
(such as a processor of the apparatus 12) to cause the
apparatus 12 to operate in the manner described herein.
[0042] Alternatively or in addition, in some embodi-
ments, at least one memory can be configured to store
information required by or resulting from the method de-
scribed herein. For example, in some embodiments, at
least one memory may be configured to store any one
or more of: one or more pressure signals (e.g. obtained
by at least one pressure sensor), one or more of the plu-
rality of pressure signals acquired by the apparatus 12,
one or more of the determined measures of the quality
of the acquired pressure signals (or an indication of one
or more of the determined measures of the quality of the
acquired pressure signals), the determined measure of
the quality of the wearable cuff (or an indication of the
determined measure of the quality of the wearable cuff),
or any other information, or any combination of informa-
tion, required by or resulting from the method described
herein. In some embodiments, the apparatus 12 (or a
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processor of the apparatus 12) can be configured to con-
trol at least one memory to store information required by
or resulting from the method described herein.

[0043] In embodiments where at least one memory is
configured to store one or more pressure signals (e.g.
obtained by atleast one pressure sensor), the apparatus
12 can be configured to access at least one memory to
acquire one or more of the plurality of pressure signals.
Thus, in some embodiments, a plurality of pressure sig-
nals may be pooled together for storage in at least one
memory. Therefore, the acquired plurality of pressure
signals may comprise at least one historical pressure sig-
nal (e.g. at least one pressure signal obtained in the past
or at an earlier time) according to some embodiments.
In some embodiments, the acquired plurality of pressure
signals may comprise atleast one current pressure signal
and at least one historical pressure signal.

[0044] Although also notillustratedin Fig. 1, the system
10 may comprise a user interface. In some embodiments,
the apparatus 12 described herein may comprise the us-
erinterface. Alternatively or in addition, the user interface
may be external to (e.g. separate to or remote from) the
apparatus 12. The apparatus 12 (or a processor of the
apparatus 12) may be configured to communicate with
and/or connect to a user interface. In some embodi-
ments, the apparatus 12 (or a processor of the apparatus
12) can be configured to control the user interface to op-
erate in the manner described herein.

[0045] The user interface can be configured to render
(or output, display, or provide) information required by or
resulting from the method described herein. Forexample,
in some embodiments, the user interface may be config-
ured to render (or output, display, or provide) one or more
pressure signals (e.g. obtained by at least one pressure
sensor), one or more of the plurality of pressure signals
acquired by the apparatus 12, one or more of the deter-
mined measures of the quality of the acquired pressure
signals (or an indication of one or more of the determined
measures of the quality of the acquired pressure signals),
the determined measure of the quality of the wearable
cuff (or an indication of the determined measure of the
quality of the wearable cuff), or any other information, or
any combination of information, required by or resulting
from the method described herein. Alternatively orin ad-
dition, the user interface can be configured to receive a
user input. For example, the user interface may allow a
user to manually enter information or instructions, inter-
act with and/or control the apparatus 12. Thus, the user
interface may be any user interface that enables the ren-
dering (or outputting, displaying, or providing) of informa-
tion and, alternatively or in addition, enables a user to
provide a user input.

[0046] For example, the user interface may comprise
one or more switches, one or more buttons, a keypad, a
keyboard, a mouse, a touch screen or an application (for
example, on a smart device such as a tablet, a smart-
phone, or any other smart device), a display or display
screen, a graphical user interface (GUI) such as a touch
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screen, or any other visual component, one or more
speakers, one or more microphones or any other audio
component, one or more lights (such as light emitting
diode LED lights), a component for providing tactile or
hapticfeedback (such as a vibration function, or any other
tactile feedback component), an augmented reality de-
vice (such as augmented reality glasses, or any other
augmented reality device), a smart device (such as a
smart mirror, a tablet, a smart phone, a smart watch, or
any other smart device), or any other user interface, or
combination of user interfaces. In some embodiments,
the user interface that is controlled to render information
may be the same user interface as that which enables
the user to provide a user input.

[0047] Although also not illustrated in Fig 1, the appa-
ratus 12 may comprise a battery or other power supply
for powering the apparatus 12 or means for connecting
the apparatus 12 to a mains power supply. It will also be
understood that the apparatus 12 may comprise any oth-
er component to those described herein or any combi-
nation of components.

[0048] Fig. 2 illustrates a method 200 of operating the
apparatus 12 described herein for use with a wearable
cuff 14 according to an embodiment. As mentioned ear-
lier, the wearable cuff 14 is for use in measuring blood
pressure. The method 200 can generally be performed
by orunder the control of the apparatus 12 (ora processor
of the apparatus 12) described earlier.

[0049] At block 202 of Fig. 2, a plurality of pressure
signals are acquired. More specifically, the apparatus 12
acquires the plurality of pressure signals. As mentioned
earlier, in some embodiments, the apparatus 12 may be
configured to acquire one or more of the plurality of pres-
sure signals from at least one pressure sensor. Alterna-
tively or in addition, the apparatus 12 may be configured
to acquire one or more of the plurality of pressure signals
from at least one memory. Thus, as mentioned earlier,
the acquired plurality of pressure signals may comprise
at least one current pressure signal and at least one his-
torical pressure signal according to some embodiments.
[0050] Each of the plurality of pressure signals are in-
dicative of a pressure in the wearable cuff 14 during a
period for measuring blood pressure. That is, each of the
plurality of acquired pressure signals are indicative of a
pressure in the wearable cuff 14 during a respective pe-
riod of a plurality of periods for measuring blood pressure.
The plurality of pressure signals may thus have been
obtained for a particular wearable cuff 14. A period for
measuring blood pressure can be any period, or any com-
bination of periods, in which blood pressure can be meas-
ured. For example, in some embodiments, the period for
measuring blood pressure may comprise a period in
which the wearable cuff 14 is inflated and/or deflated for
measuring blood pressure. For example, the period for
measuring blood pressure may comprise a period for in-
flation-based NIBP measurement and/or deflation-based
NIBP measurement. In some embodiments, the periods
for measuring blood pressure can be measurement in-
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stances. That is, the periods for measuring blood pres-
sure can be periods in which blood pressure is measured
according to some embodiments. Thus, in some embod-
iments, each of the plurality of pressure signals can be
indicative of a pressure in the wearable cuff 14 over the
course of a blood pressure measurement. In some em-
bodiments, the periods for measuring blood pressure
may comprise periods for measuring blood pressure that
occur within a predefined time period preceding the ac-
quisition (e.g. within a recent time period) of the plurality
of pressure signals.

[0051] At block 204 of Fig. 2, for each of the plurality
of acquired pressure signals, a measure of a quality of
the acquired pressure signal is determined based on one
or more parameters derived from artifacts identified (or
detected) in the acquired pressure signal. More specifi-
cally, for each of the plurality of acquired pressure sig-
nals, the apparatus 12 determines the measure of the
quality of the acquired pressure signal based on one or
more parameters derived from artifacts identified in the
acquired pressure signal. Thus, in effect, a quality as-
sessment of the acquired plurality of pressure signals is
made based upon the identified artifacts. The artifacts
referred to herein may comprise artifacts due to cuff slip-
page and/or any other artifacts.

[0052] As each of the plurality of pressure signals are
indicative of a pressure in the wearable cuff 14 during a
period for measuring blood pressure, the one or more
parameters can be derived from artifacts identified in the
acquired pressure signal during the periods for measur-
ing blood pressure. For example, in some embodiments,
the one or more parameters can be derived from artifacts
identified in the acquired pressure signal during one or
more periods in which the wearable cuff 14 is inflated for
measuring blood pressure (e.g. one or more periods of
inflation-based NIBP measurement) and/or one or more
periodsinwhichthe wearable cuff 14 is deflated for meas-
uring blood pressure (e.g. one or more periods of defla-
tion-based NIBP measurement). As mentioned earlier,
in some embodiments, the periods for measuring blood
pressure can be measurement instances. That is, the
periods for measuring blood pressure can be periods in
which blood pressure is measured according to some
embodiments. Thus, in some embodiments, the one or
more parameters can be derived from artifacts identified
in the acquired pressure signal over the course of a blood
pressure measurement.

[0053] Inthis way, measures of a quality of the plurality
of acquired pressure signals can be determined. As the
plurality of acquired pressure signals are each indicative
of a pressure in the wearable cuff 14 during a period for
measuring blood pressure, the plurality of acquired pres-
sure signals can each be indicative of a pressure in the
wearable cuff 14 during a different period for measuring
blood pressure. Thus, in effect, atime series of measures
of the quality of the plurality of acquired pressure signals
can be determined. In embodiments where the plurality
of acquired pressure signals comprise one or more his-
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torical pressure signals, for example, a historical time
series of measures of the quality of the plurality of ac-
quired pressure signals can be determined. The meas-
ures of a quality of the acquired pressure signals deter-
mined in the manner described herein can allow the qual-
ity of the acquired pressure signals to be tracked over
time. Thus, in some embodiments, the apparatus 12 can
be configured to track the determined measures of the
quality of the acquired pressure signals over time.
[0054] In some embodiments, the apparatus 12 may
be configured to determine the measures of the quality
of the acquired pressure signals based on one or more
parameters derived from artifacts identified in the ac-
quired pressure signal using a machine learning algo-
rithm. For example, in some embodiments, the apparatus
12 may be configured to determine the measures of the
quality of the acquired pressure signals using any one or
more of a trained classifier, a regression analysis, a sup-
port vector machine (SVM), and a neural network algo-
rithm. Although examples have been provided for a ma-
chine learning algorithm that may be used, it will be un-
derstood that other machine learning algorithms may al-
so be used and a person skilled in the art will be aware
of such machine learning algorithms.

[0055] A machine learning algorithm can learn a target
function that best maps an input to an output. Once a
target function is learnt, the machine learning algorithm
can then provide an output given any new input. For ex-
ample, a machine learning algorithm may operate by
building a model from an example training set of inputs
(e.g. obtained from a plurality of wearable cuffs having a
known measure of quality, such as at least one high qual-
ity wearable cuff and at least one low quality wearable
cuff) in order to make data-driven predictions or decisions
as outputs. Here, the inputs to the machine learning al-
gorithm are the one or more parameters derived from
artifacts identified in each of the acquired pressure signal
and the outputs of the machine learning algorithm are
the measures of the quality of the acquired pressure sig-
nals. That is, the outputs of the machine learning algo-
rithm can be decisions on the quality of the acquired pres-
sure signals.

[0056] The measures of the quality of the acquired
pressure signals referred to herein can, for example,
comprise binary measures of the quality of the acquired
pressure signal, probabilistic measures of the quality of
the acquired pressure signals, or any other suitable
measures of the quality of the acquired pressure signals.
In an example embodiment involving binary measures
of the quality of the acquired pressure signal, the meas-
ure of the quality of the acquired pressure signal may be
labelled as 0 or 1. For example, a label of 0 may be rep-
resentative of a low quality pressure signal and a label
of 1 may be representative of a high quality pressure
signal or vice versa.

[0057] In an example embodiment involving probabil-
istic measures of the quality of the acquired pressure
signal, the measure of the quality of the acquired pres-
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sure signal may be labelled as a fraction (or ratio), a per-
centage, or any other probabilistic measure. The proba-
bilistic measures of the quality of the acquired pressure
signal can be indicative of a position of the acquired pres-
sure signals on a quality scale (e.g. from 0-1 or 0-100%,
etc.). For example, the bottom end of the scale can be
indicative of a low quality pressure signal and the top end
of the scale can be indicative of a high quality pressure
signal or vice versa.

[0058] The one or more parameters referred to herein
that are derived from artifacts identified in the acquired
pressure signal may be any suitable parameter, or any
combination of suitable parameters, on which a determi-
nation of a measure of a quality of an acquired pressure
signal can be based. For example, the one or more pa-
rameters derived from artifacts identified in the acquired
pressure signal may comprise a number of artifacts (e.g.
anumberofoccurrences of artifacts) in the acquired pres-
sure signal. In some embodiments, for example, a
number of artifacts (e.g. a number of occurrences of ar-
tifacts) in the acquired pressure signal above a maximum
threshold may be deemed too many. Alternatively or in
addition, the one or more parameters derived from arti-
facts identified in the acquired pressure signal may com-
prise a number of artifacts (e.g. a number of occurrences
of artifacts) in the acquired pressure signal that fall within
a cardiac cycle. The cardiac cycle may be defined as a
time period between diastole and systole.

[0059] Alternatively or in addition, the one or more pa-
rameters derived from artifacts identified in the acquired
pressure signal may comprise an average time or dura-
tion between artifacts (e.g. occurrences of artifacts) in
the acquired pressure signal. That is, the one or more
parameters derived from artifacts identified in the ac-
quired pressure signal may comprise an average fre-
quency of artifacts (e.g. occurrences of artifacts) in the
acquired pressure signal. The average frequency of ar-
tifacts (e.g. occurrences of artifacts) in the acquired pres-
sure signal can, for example, comprise the average
number of artifacts (e.g. occurrences of artifacts) in the
acquired pressure signal per unit time (e.g. per second)
or per unit pressure change in the wearable cuff 14. In
some embodiments, for example, an average frequency
of artifacts (e.g. occurrences of artifacts) in the acquired
pressure signal may be deemed too frequent. Alterna-
tively or in addition, the one or more parameters derived
from artifacts identified in the acquired pressure signal
may comprise an average intensity of artifacts in the ac-
quired pressure signal. For example, the one or more
parameters derived from artifacts identified in the ac-
quired pressure signal may comprise a number of arti-
facts in the acquired pressure signal with an intensity
above a predetermined threshold. In some embodi-
ments, for example, artifacts in the acquired pressure
signal with an intensity above the predetermined thresh-
old may be deemed too severe.

[0060] Alternatively or in addition, the one or more pa-
rameters derived from artifacts identified in the acquired
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pressure signal may comprise a ratio of a cumulative sum
of amplitudes of artifacts in the acquired pressure signal
to a cumulative sum of amplitudes of oscillations (e.g.
pressure oscillations) in the acquired pressure signal. Al-
ternatively or in addition, the one or more parameters
derived from artifacts identified in the acquired pressure
signal may comprise a ratio of an average of amplitudes
of artifacts in the acquired pressure signal to an average
of amplitudes of oscillations (e.g. pressure oscillations)
in the acquired pressure signal. Alternatively or in addi-
tion, the one or more parameters derived from artifacts
identified in the acquired pressure signal may comprise
a ratio of a maximum of amplitudes of artifacts in the
acquired pressure signal to a maximum of amplitudes of
oscillations (e.g. pressure oscillations) in the acquired
pressure signal.

[0061] Although some examples have been provided
for the one or more parameters derived from artifacts
identified in the acquired pressure signal, it will be un-
derstood that other parameters and any combinations of
parameters are possible.

[0062] Returning back to Fig. 2, at block 206, a meas-
ure of a quality of the wearable cuff 14 is determined
based on the determined measures of the quality of the
acquired pressure signals. More specifically, the appa-
ratus 12 determines the measure of the quality of the
wearable cuff 14 based on the determined measures of
the quality of the acquired pressure signals. In some em-
bodiments, the apparatus 12 may be configured to de-
termine the measure of a quality of the wearable cuff 14
based on the determined measures of the quality of the
acquired pressure signals by being configured to deter-
mine the measure of a quality of the wearable cuff 14
based on one or more features of the determined meas-
ures of the quality of the acquired pressure signals over
time. The one or more features of the determined meas-
ures of the quality of the acquired pressure signals over
time may, for example, comprise any one or more of a
slope of the measures of the quality of the acquired pres-
sure signal over time, a weighted average of the meas-
ures of a quality of the wearable cuff 14 over time, and
an acceleration (or a deceleration) in the measures of a
quality of the wearable cuff 14 over time.

[0063] Since one or more of the measures of the quality
can be of an acquired pressure signal thatis current (e.g.
a pressure signal acquired from at least one pressure
sensor) and/or an acquired pressure signal that is histor-
ical (e.g. a pressure signal acquired from at least one
memory), the measure of the quality of the wearable cuff
14 can be based on one more current and/or historical
measures of the quality of the acquired pressure signals
according to some embodiments. Thus, in some embod-
iments, an overall assessment of the quality of the wear-
able cuff 14 can be made based on the current quality
and/or the history of the quality of the pressure signals
acquired for the wearable cuff 14. As mentioned earlier,
the determined measures of the quality of the acquired
pressure signals can be a time series (e.g. a historical
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time series) of measures of the quality of the plurality of
acquired pressure signals. Thus, in this way, an overall
assessment of the quality of the wearable cuff 14 can be
made based on a time series (e.g. a historical time series)
of measures of the quality of the plurality of acquired pres-
sure signals.

[0064] As the overall assessment of the quality of the
wearable cuff described herein is made based on meas-
ures of a quality of a plurality of acquired pressure signal
in respect of various periods for measuring blood pres-
sure and using one or more parameters derived from
artifacts identified in the plurality of acquired pressure
signal, the quality assessment made by way of the tech-
nique described herein is more reliable since confound-
ing factors (e.g. cuff slippage) that can affect the quality
of pressure signals for awearable cuff 14 can be detected
and accounted for in the measures of the quality of the
acquired pressure signals that are determined. For ex-
ample, the technique described herein can identify situ-
ations where confounding factors (e.g. cuff slippage) are
affecting the quality of pressure signals for a wearable
cuff 14, while the wearable cuff 14 itself is actually of a
high quality, and can thus provide a more reliable quality
assessment for the wearable cuff 14.

[0065] In some embodiments, the apparatus 12 may
be configured to determine the measure of the quality of
the wearable cuff 14 based on a trend (e.g. a historical
trend) in the determined measures of the quality of the
acquired pressure signals. As there may be confounding
factors (e.g. cuff slippage) that can affect the quality of
pressure signals for a wearable cuff 14, while the wear-
able cuff 14 itself may be of a high quality, an even more
reliable assessment of the quality of the wearable cuff
14 can be obtained by analyzing the trend (e.g. a histor-
ical trend) in the determined measures of the quality of
the acquired pressure signals in order to determine a
measure of the quality of the wearable cuff 14.

[0066] In some embodiments, the apparatus 12 can
be configured to, for each of the plurality of acquired pres-
sure signals, determine the measure of the quality of the
acquired pressure signal by being configured to compare
the one or more parameters to one or more correspond-
ing parameters associated with at least one wearable
cuff 14 for which a measure of a quality of the at least
one wearable cuff 14 is predetermined.

[0067] In some embodiments, the apparatus 12 can
be configured to determine the measure of the quality of
the wearable cuff 14 based on the determined measures
of the quality of the acquired pressure signals and also
information on one or more properties of the wearable
cuff 14. In some embodiments, the apparatus 12 can be
configured to determine the measure of the quality of the
wearable cuff 14 based on the determined measures of
the quality of the acquired pressure signals and the in-
formation on one or more properties of the wearable cuff
14 using a machine learning algorithm (such as any of
those mentioned earlier). In some embodiments, a com-
mon machine learning algorithm may be used for both
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the determined measures of the quality of the acquired
pressure signals and the information on one or more
properties of the wearable cuff 14. In otherembodiments,
a separate machine learning algorithm may be used for
the determined measures of the quality of the acquired
pressure signals and the information on one or more
properties of the wearable cuff 14.

[0068] The information on one or more properties of
the wearable cuff 14 can, for example, comprise infor-
mation on a build and/or size of the wearable cuff 14 (e.g.
a cuff type) and/or a make of the wearable cuff 14 (e.g.
a manufacturing code or tracking number). In some em-
bodiments, the apparatus 12 can be configured to ac-
quire or access the information on one or more properties
of the wearable cuff 14 from at least one memory. In
some embodiments, the information on one or more
properties of the wearable cuff 14 may be uploaded elec-
tronically onthe wearable cuff 14, such thatthe apparatus
12 can acquire or access the information from the wear-
able cuff 14. Taking into account one or more properties
of the wearable cuff 14 in the quality assessment for the
wearable cuff 14 can further improve the accuracy and
reliability of the quality assessment since the quality (and
also the lifetime) of the wearable cuff 14 can depend on
such properties.

[0069] Insomeembodiments, in the same way that the
apparatus 12 may be configured to determine the meas-
ures of the quality of the acquired pressure signals based
on one or more parameters derived from artifacts iden-
tified in the acquired pressure signal using a machine
learning algorithm, the apparatus 12 may be configured
to determine the measure of the quality of the wearable
cuff 14 based on the determined measures of the quality
of the acquired pressure signals and optionally also in-
formation on one or more properties of the wearable cuff
14 using a machine learning algorithm (such as any of
those described earlier).

[0070] As mentioned earlier a machine learning algo-
rithm may operate by building a model from an example
training set of inputs (e.g. obtained from a plurality of
wearable cuffs having a known measure of quality, such
as at least one high quality wearable cuff and at least
one low quality wearable cuff) in order to make data-
driven predictions or decisions as outputs. Here, the in-
puts to the machine learning algorithm are the deter-
mined measures of the quality of the acquired pressure
signals (and/or the one or more features of the deter-
mined measures of the quality of the acquired pressure
signals over time mentioned earlier according to some
embodiments) and the output of the machine learning
algorithm is the measure of the quality of the wearable
cuff 14. That s, the output of the machine learning algo-
rithm can be a decision on the quality of the wearable
cuff 14.

[0071] The measure of the quality of the wearable cuff
14 referred to herein can, for example, comprise a binary
measure of the quality of the wearable cuff 14, probabi-
listic measures of the quality of the wearable cuff 14, or
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any other suitable measure of the quality of the wearable
cuff 14. In an example embodiment involving binary
measures of the quality of the wearable cuff 14, the meas-
ure of the quality of the wearable cuff 14 may be labelled
as 0or 1. Forexample, a label of 0 may be representative
of a low quality wearable cuff and a label of 1 may be
representative of a high quality wearable cuff or vice ver-
sa.

[0072] In an example embodiment involving probabil-
istic measures of the quality of the wearable cuff 14, the
measure of the quality of the wearable cuff 14 may be
labelled as a fraction (or ratio), a percentage, or any other
probabilistic measure. The probabilistic measures of the
quality of the wearable cuff 14 can be indicative of a po-
sition of the wearable cuff 14 on a quality scale (e.g. from
0-1 or 0-100%, etc.). For example, the bottom end of the
scale can be indicative of a low quality wearable cuff and
the top end of the scale can be indicative of a high quality
wearable cuff or vice versa. In this way, it is possible to
provide inference on a magnitude of the quality of the
wearable cuff 14.

[0073] Insomeembodiments, the wearable cuff 14 can
be classified into a category representative of a particular
quality, e.g. a low quality category or a high quality cat-
egory. In some embodiments involving binary measures,
the wearable cuff 14 may be classified into a low quality
category when all of the measures of the quality of the
acquired pressure signals are classified into a low quality
category. Thus, in some embodiments, the determined
measure of the quality of the wearable cuff 14 can be
indicative of whether the wearable cuff 14 is classified
as a high quality wearable cuff 14 (e.g. a wearable cuff
14 that is capable of providing high quality pressure sig-
nals or pressure signals) or a low quality wearable cuff
14 (e.g. a wearable cuff 14 that is capable of providing
only low quality pressure signals or pressure signals).
[0074] In some embodiments, the determined meas-
ure of the quality of the wearable cuff 14 can be indicative
of a suitability of the wearable cuff 14 for use in measuring
blood pressure. For example, in some embodiments, the
determined measure of the quality of the wearable cuff
14 may be indicative of the wearable cuff 14 being suit-
able (or unsuitable) for use in measuring blood pressure
during inflation of the wearable cuff 14. Alternatively or
in addition, in some embodiments, the determined meas-
ure of the quality of the wearable cuff 14 may be indicative
of the wearable cuff 14 being suitable (or unsuitable) for
use in measuring blood pressure during deflation of the
wearable cuff 14. Alternatively, the determined measure
of the quality of the wearable cuff 14 may be indicative
of the wearable cuff 14 being unsuitable for use in meas-
uring blood pressure (e.g. unsuitable for use in both in-
flation-based and deflation based blood pressure meas-
urement). In some embodiments, the wearable cuff 14
may be provided with an indication (e.g. marked, such
as via color coding or printed stickers) of its suitability for
use in measuring blood pressure.

[0075] In some embodiments, the determined meas-
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ure of the quality of the wearable cuff 14 can be indicative
of the wearable cuff 14 being unsuitable for use in meas-
uring blood pressure when the determined measure of
the quality of the wearable cuff 14 is below a predefined
threshold. In some embodiments where the determined
measure of the quality of the wearable cuff 14 isindicative
of the wearable cuff 14 being unsuitable for use in meas-
uring blood pressure, the apparatus 12 may be config-
ured to skip or abort (or control a blood pressure meas-
urement apparatus to skip or abort) a blood pressure
measurement.

[0076] In some embodiments where the determined
measure of the quality of the wearable cuff 14 isindicative
of the wearable cuff 14 being unsuitable for use in meas-
uring blood pressure during inflation of the wearable cuff
14, the apparatus 12 may be configured to skip or abort
(or control a blood pressure measurement apparatus to
skip or abort) the inflation-based blood pressure meas-
urement and to instead proceed with measuring blood
pressure during deflation of the wearable cuff 14. A pres-
sure signal acquired during deflation of the wearable cuff
14 is generally less affected by artifacts than a pressure
signal acquired during inflation of the wearable cuff 14
and can thus a blood pressure measurement determined
from such a signal can have a higher quality. In an ex-
ample, a wearable cuff 14 may be in use during an infla-
tion-based NIBP measurement and, during that meas-
urement, a low cuff quality may be determined. In some
embodiments, this may cause the inflation-based NIBP
measurement to stop (e.g. immediately) and optionally
this may be proceeded (e.g. immediately) by a deflation-
based NIBP measurement.

[0077] Although not illustrated in Fig. 2, in some em-
bodiments, the method 200 may comprise determining
whether the wearable cuff 14 is to be discarded or re-
placed based on the determined measure of the quality
of the wearable cuff 14. That is, in some embodiments,
the apparatus 12 can be configured to determine whether
the wearable cuff 14 is to be discarded or replaced based
on the determined measure of the quality of the wearable
cuff 14. In some embodiments, where it is determined
that the wearable cuff 14 is to be discarded or replaced,
the method 200 may comprise controlling a user interface
(such as that described earlier) to render an indication
that the wearable cuff 14 is to be discarded or replaced.
Thatis, in some embodiments, the apparatus 12 can be
configured to control the user interface to render the in-
dication of that the wearable cuff 14 is to be discarded
or replaced. In this way, a user can be made aware of
when to discard or replace a wearable cuff 14.

[0078] Although also not illustrated in Fig. 2, in some
embodiments, the method 200 may comprise identifying
the wearable cuff 14 for which the measure of the quality
is determined. That is, in some embodiments, the appa-
ratus 12 can be configured to identify the wearable cuff
14 for which the measure of the quality is determined.
This may be the case, for example, where the apparatus
12 is used with (e.g. connected to) different wearable
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cuffs 14. In some embodiments, the wearable cuff 14
may comprise an identifier that enables the identification
of the wearable cuff 14. For example, in some embodi-
ments, the identifier may be a marker, such as a barcode,
a color coding, a sticker (e.g. with the identity of the wear-
able cuff 14 printed on it), or any other identifier, or any
combination of identifiers. In some embodiments, the
identifier may be detected by the apparatus 12, e.g. via
a camera, a barcode reader, or similar. Alternatively or
in addition, in some embodiments, the wearable cuff 14
may comprise a radio frequency identification (RFID)
chip that is readable by the apparatus 12 for the appa-
ratus 12 to identify the wearable cuff 14. In some embod-
iments, a memory (such as that described earlier) may
store identities of wearable cuffs 14 and measures of the
quality of the wearable cuffs 14 (e.g. in a look-up table)
for retrieval by the apparatus 12.

[0079] In some embodiments, for each wearable cuff
14, the measure of the quality of the wearable cuff 14
determined per period for measuring blood pressure may
be stored in a memory (such as that described earlier).
For example, the apparatus 12 itself may be configured
to store the measures of the quality of the wearable cuffs
14 or the measures of the quality of the wearable cuff 14
may be stored at another location, such as a network
location that can communicate (e.g. wirelessly) with a
plurality of apparatus 12. In this case, measures of the
quality of wearable cuffs 14 determined by multiple ap-
paratus 12 may be combined (e.g. pooled together) to
provide an improved assessment of cuff quality.

[0080] In other embodiments, the identity of the wear-
able cuff 14 for which the measure of the quality is de-
termined may already be known. Thus, identification of
the wearable cuff 14 may not be required. For example,
this may be the case where the apparatus 12 is always
used with (e.g. connected to) the same wearable cuff 14.
In some of these embodiments, the apparatus 12 may
have access to a history of measures of the quality of the
wearable cuff 14 and may use that history in determining
the measure of the quality of the wearable cuff 14 based
on one more current and historical measures of the qual-
ity of the acquired pressure signals according to some
embodiments. It can also be the case that identification
of the wearable cuff 14 may not be required where the
apparatus 12 is used with (e.g. connected to) the same
wearable cuff 14 for a time period that extends beyond
a predefined threshold (e.g. a long time period that lasts
several hours or days, such as when the apparatus 12
is in an automated spot-check mode). In these embodi-
ments, the apparatus 12 may use historical measures of
the quality of the acquired pressure signals for the period
that the apparatus 12 is connected to the same wearable
cuff 14 and the current measure of the quality of the ac-
quired pressure signals to determine the measure of the
quality of the wearable cuff 14.

[0081] Although also not illustrated in Fig. 2, in some
embodiments, the method 200 may comprise controlling
a user interface (such as that described earlier) to render
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an indication of the measure of the quality of the wearable
cuff 14. Thatis, in some embodiments, the apparatus 12
can be configured to control the user interface to render
the indication of the measure of the quality of the wear-
able cuff 14.

[0082] Figs. 3(a) and (b) are each a graphical illustra-
tion of a pressure signal indicative of a pressure in a
wearable cuff 14 (measured in mmHg) over time (meas-
ured in seconds) during a period for measuring blood
pressure for two different wearable cuffs 14 according to
an embodiment. The pressure signals include oscilla-
tions in pressure. In more detail, Fig. 3(a) is a graphical
illustration of a pressure signal for a wearable cuff 14 that
is classified as a high quality wearable cuff according to
existing techniques and Fig. 3(b) is a graphicalillustration
of apressure signal for awearable cuff 14 thatis classified
as a low quality wearable cuff according to existing tech-
niques. As can be seen in Fig. 3(b), the pressure signal
for the wearable cuff 14 classified as a low quality wear-
able cuff according to existing techniques is in fact cor-
rupted by external factors (e.g. cuff slippage) and this
can lead to an erroneous assessment of the quality of
the wearable cuff 14 using existing techniques.

[0083] Figs. 3(c) and (d) are each a graphical illustra-
tion of a rate signal over time during the period for meas-
uring blood pressure for the two different wearable cuffs
according to the embodiment. More specifically, Fig. 3(c)
is a graphical illustration of a rate signal for a wearable
cuff 14 that is classified as a high quality wearable cuff
according to existing techniques and Fig. 3(d) is a graph-
ical illustration of a rate signal for a wearable cuff 14 that
is classified as a low quality wearable cuff according to
existing techniques. From the rate signals illustrated in
Fig. 3(c) and (d), it is possible to better visualize the oc-
currences of confounding factors (e.g. cuff slippage) af-
fecting the quality of pressure signals for a wearable cuff
14. As illustrated in Fig. 3(d), the rate signal for the wear-
able cuff 14 that is classified as a low quality wearable
cuff exhibits various sharp drops over time, which are
due to confounding factors (e.g. cuff slippage). As illus-
trated in Fig. 3(c), these sharp drops are not seen in the
rate signal for the wearable cuff 14 that is classified as a
high quality wearable cuff.

[0084] By way of the apparatus and method described
herein, it is possible to identify situations where con-
founding factors (e.g. cuff slippage) are affecting the
quality of pressure signals for a wearable cuff 14, while
the wearable cuff 14 itself is actually of a high quality,
since the overall assessment of the quality of the wear-
able cuff described herein is made based on measures
of a quality of a plurality of acquired pressure signal in
respect of various periods for measuring blood pressure
and using one or more parameters derived from artifacts
identified in the plurality of acquired pressure signal. In
this way, a more reliable quality assessment for the wear-
able cuff 14 is provided.

[0085] Figs. 4(a)-(f) are graphicalillustrations of exam-
ple parameters derived from artifacts identified in an ac-
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quired pressure signal from two different cuffs according
to the embodiment. In more detail, Fig. 4(a) is a graphical
illustration of the parameter of the number of occurrences
of artifacts in the acquired pressure signal for a wearable
cuff A classified as a high quality wearable cuff and for
a wearable cuff B classified as a low quality wearable
cuff. Fig. 4(b) is a graphical illustration of the parameter
of the number of occurrences of artifacts in the acquired
pressure signal that fall within a cardiac cycle for the
wearable cuff A classified as a high quality wearable cuff
and for the wearable cuff B classified as a low quality
wearable cuff. Fig. 4(c) is a graphical illustration of the
parameter of the average time between occurrences of
artifacts in the acquired pressure signal for the wearable
cuff A classified as a high quality wearable cuff and for
the wearable cuff B classified as a low quality wearable
cuff.

[0086] Fig. 4(d)is a graphical illustration of the param-
eter of the ratio of a cumulative sum of amplitudes of
artifacts in the acquired pressure signal to a cumulative
sum of amplitudes of oscillations in the acquired pressure
signal for the wearable cuff A classified as a high quality
wearable cuff and for the wearable cuff B classified as a
low quality wearable cuff. Fig. 4(e) is a graphical illustra-
tion of the parameter of the ratio of an average of ampli-
tudes of artifacts in the acquired pressure signal to an
average of amplitudes of oscillations in the acquired pres-
sure signal for the wearable cuff A classified as a high
quality wearable cuff and for the wearable cuff B classi-
fied as a low quality wearable cuff. Fig. 4(f) is a graphical
illustration of the parameter of the ratio of a maximum of
amplitudes of artifacts in the acquired pressure signal to
a maximum of amplitudes of oscillations in the acquired
pressure signal for the wearable cuff A classified as a
high quality wearable cuff and for the wearable cuff B
classified as a low quality wearable cuff.

[0087] Thus, as illustrated in Figs. 4(a)-(f), for each of
the parameters, there are differences between (and, in
fact, a significant separation between) the parameter de-
pending on the quality of the wearable cuff 14. Therefore,
it can be seen from Figs. 4(a)-(f) that the one or more
parameters derived from artifacts identified in an ac-
quired pressure signal can provide a feasible and reliable
measure of the quality of a wearable cuff 14 in the manner
described herein.

[0088] Insome embodiments, the measure ofthe qual-
ity of a wearable cuff 14 may be determined during a
clinical monitoring workflow. For example, the plurality
of pressure signals used in the determination may be
acquired as part of clinical monitoring of a subject. In
these embodiments, the plurality of pressure signals may
be acquired while the wearable cuff 14 is worn on or
around (e.g. wrapped around, attached to, or fastened
to) a measurement site of the subject.

[0089] Inotherembodiments, the measure of the qual-
ity of a wearable cuff 14 may be determined separately
to such clinical monitoring. For example, in some em-
bodiments, the measure of the quality of a wearable cuff
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14 may be determined in a service (or test) mode that is
dedicated to cuff quality assessment. Thus, in some em-
bodiments, the cuff quality assessment can be performed
outside a medical monitoring period. A service (or test)
mode dedicated to cuff quality assessment can allow a
standardized procedure to be introduced for cuff quality
assessment that limits the influence of subjects and other
users (e.g. nurses, doctors, or other medical personnel).
Therefore, in some embodiments, a reliable measure of
the quality of a wearable cuff 14 may be determined
based on a single measurement instance.

[0090] In some of these embodiments, the plurality of
pressure signals may be acquired while the wearable
cuff 14 is worn on or around (e.g. wrapped around, at-
tached to, or fastened to) a phantom, e.g. an arm phan-
tom. In some embodiments, the phantom may comprise
no active elements. For example, in some embodiments,
the phantom may be a rigid cylinder. The phantom may
have a fixed geometry or a geometry that can be adjusted
to different size wearable cuffs 14. In some embodi-
ments, the phantom may comprise active elements, e.g.
to improve the procedure. For example, in some embod-
iments, the phantom may comprise active elements (e.g.
one or more pressure sensors inside the phantom) con-
figured to characterize a wrapping of the wearable cuff
14 and/or to provide guidance in the positioning of the
wearable cuff 14, e.g. taking into account the application
of the wearable cuff 14. An example service (or test)
mode procedure may consist of wrapping a wearable cuff
14 around a phantom according to a standard procedure
and initiating a blood pressure measurement. The plu-
rality of pressure signals may then be acquired, where
each of the plurality of pressure signals are indicative of
a pressure in the wearable cuff 14 during a period for
measuring blood pressure. Thus, for example, the pro-
cedure can consist of one or more sequences of inflation-
based and/or deflation-based blood pressure measure-
ments, e.g. at different inflation and/or deflation speeds
and/or maximum pressures. The measure of the quality
of the wearable cuff 14 can be determined in the manner
described earlier.

[0091] Insome embodiments, the measure of the qual-
ity of a wearable cuff 14 determined in the manner de-
scribed herein can be used to identify wearable cuffs 14
that are appropriate for blood pressure measurements
and wearable cuffs 14 that are inappropriate for blood
pressure measurements. In this way, the burden on the
subject or other users of the apparatus 12 (e.g. nurses,
doctors, or other medical personnel) can be eased as
they can easily and reliably identify appropriate and in-
appropriate wearable cuffs 14. In some embodiments,
blood pressure measurements may be limited to a par-
ticular wearable cuff 14 based on measures of the quality
of a plurality of wearable cuffs 14 determined in the man-
ner described herein. In some embodiments, the appa-
ratus 12 may be configured to (e.g. automatically) limit
blood pressure measurements in this way.

[0092] In some embodiments, the apparatus 12 may
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be configured to (e.g. automatically) keep track of wear-
able cuffs 14 in terms of the measure of the quality of the
wearable cuffs 14 determined in the manner described
herein. In some embodiments, the apparatus 12 may be
configured to output recommendations (e.g. via a user
interface such as that described earlier) based on meas-
ures of the quality of the wearable cuffs 14 determined
in the manner described herein. For example, the rec-
ommendation may comprise an indication of the manner
in which the measure of the quality of a wearable cuff 14
can be improved (e.g. by cleaning the wearable cuff 14).
The measure of the quality of a wearable cuff 14 deter-
mined in the manner described herein can be useful in
improving logistics in medical environments (e.g. hospi-
tals), such as by providing the information required to
manually or automatically order new wearable cuffs 14
at appropriate times. The measure of the quality of a
wearable cuff 14 determined in the manner described
herein may also be useful in training sessions, e.g. by
providing feedback on wrapping styles in order to aid in
improving the application of a wearable cuff 14 to a sub-
ject.

[0093] In some embodiments, any one or more of the
steps that the apparatus 12 described herein is config-
ured to perform may be performed during a blood pres-
sure measurement. Alternatively or in addition, in some
embodiments, at least one or all of the steps that the
apparatus 12 is configured to perform can be automated.
[0094] There is also described a computer program
product comprising a computer readable medium. The
computer readable medium has computer readable code
embodied therein. The computer readable code is con-
figured such that, on execution by a suitable computer
or processor, the computer or processor is caused to
perform the method described herein. The computer
readable medium may be, for example, any entity or de-
vice capable of carrying the computer program product.
For example, the computer readable medium may in-
clude a data storage, such as a ROM (such as a CD-
ROM or a semiconductor ROM) or a magnetic recording
medium (such as a hard disk). Furthermore, the compu-
terreadable medium may be atransmissible carrier, such
as an electric or optical signal, which may be conveyed
via electric or optical cable or by radio or other means.
When the computer program productis embodied in such
a signal, the computer readable medium may be consti-
tuted by such a cable or other device or means. Alterna-
tively, the computer readable medium may be an inte-
grated circuit in which the computer program product is
embedded, the integrated circuit being adapted to per-
form, or used in the performance of, the method de-
scribed herein.

[0095] There is thus provided herein an apparatus 12,
a system 10, a method 200 and a computer program
product that address the limitation associated with the
existing techniques. Therefore, there is provided an im-
proved technique for assessing the quality of a wearable
cuff 14 for use in measuring blood pressure.
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[0096] Variations to the disclosed embodiments can
be understood and effected by those skilled in the art in
practicing the principles and techniques described here-
in, from a study of the drawings, the disclosure and the
appended claims. In the claims, the word "comprising"
does not exclude other elements or steps, and the indef-
inite article "a" or "an" does not exclude a plurality. A
single processor or other unit may fulfil the functions of
several items recited in the claims. The mere fact that
certain measures are recited in mutually different de-
pendent claims does not indicate that a combination of
these measures cannot be used to advantage. A com-
puter program may be stored or distributed on a suitable
medium, such as an optical storage medium or a solid-
state medium supplied together with or as part of other
hardware, but may also be distributed in other forms,
such as via the Internet or other wired or wireless tele-
communication systems. Any reference signs in the
claims should not be construed as limiting the scope.

Claims

1. An apparatus (12) for use with a wearable cuff (14),
wherein the wearable cuff (14)is for use in measuring
blood pressure and the apparatus (12) is configured
to:

acquire a plurality of pressure signals, wherein
each of the plurality of pressure signals are in-
dicative of a pressure in the wearable cuff (14)
during a period for measuring blood pressure;
for each of the plurality of acquired pressure sig-
nals, determine a measure of a quality of the
acquired pressure signal based on one or more
parameters derived from artifacts identified in
the acquired pressure signal; and

determine a measure of a quality ofthe wearable
cuff (14) based on the determined measures of
the quality of the acquired pressure signals.

2. The apparatus (12) as claimed in claim 1, wherein
the apparatus (12) is configured to:

determine the measure of the quality of the
wearable cuff (14) based on a trend in the de-
termined measures of the quality of the acquired
pressure signals.

3. The apparatus (12) as claimed in any preceding
claim, wherein the apparatus (12) is configured to:

determine the measure of the quality of the
wearable cuff (14) based on the determined
measures of the quality of the acquired pressure
signals and information on one or more proper-
ties of the wearable cuff (14).
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4. The apparatus (12) as claimed in any of the preced-
ing claims, wherein the apparatus (12) is configured
to:

for each of the plurality of acquired pressure sig-
nals, determine the measure of the quality of the
acquired pressure signal by being configured to:

compare the one or more parameters toone
or more corresponding parameters associ-
ated with at least one wearable cuff (14) for
which a measure of a quality of the at least
one wearable cuff (14) is predetermined.

5. The apparatus (12) as claimed in any of the preced-
ing claims, wherein the measures of the quality of
the acquired pressure signals comprise:

binary measures of the quality of the acquired
pressure signals; or

probabilistic measures of the quality of the ac-
quired pressure signals.

6. The apparatus (12) as claimed in any of the preced-
ing claims, wherein the determined measure of the
quality of the wearable cuff (14) is indicative of a
suitability of the wearable cuff (14) for use in meas-
uring blood pressure.

7. The apparatus (12) as claimed in claim 6, wherein
the determined measure of the quality of the wear-
able cuff (14) is indicative of:

the wearable cuff (14) being suitable for use in
measuring blood pressure during inflation of the
wearable cuff (14);

the wearable cuff (14) being suitable for use in
measuring blood pressure during deflation of the
wearable cuff (14); or

the wearable cuff (14) being unsuitable for use
in measuring blood pressure.

8. The apparatus (12) as claimed in any of the preced-
ing claims, wherein the apparatus (12) is configured
to:

determine whether the wearable cuff (14) is to
be discarded or replaced based on the deter-
mined measure of the quality of the wearable
cuff (14).

9. The apparatus (12) as claimed in any of the preced-
ing claims, wherein the one or more parameters
comprise any one or more of:

a number of occurrences of artifacts in the ac-
quired pressure signal;
a number of occurrences of artifacts in the ac-
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quired pressure signal that fall within a cardiac
cycle;

an average time between occurrences of arti-
facts in the acquired pressure signal;

an average intensity of artifacts in the acquired
pressure signal;

a ratio of a cumulative sum of amplitudes of ar-
tifacts in the acquired pressure signal to a cu-
mulative sum of amplitudes of oscillations in the
acquired pressure signal;

a ratio of an average of amplitudes of artifacts
in the acquired pressure signal to an average of
amplitudes of oscillations in the acquired pres-
sure signal; and

a ratio of a maximum of amplitudes of artifacts
in the acquired pressure signal to a maximum
ofamplitudes of oscillations in the acquired pres-
sure signal.

The apparatus (12) as claimed in any of the preced-
ing claims, wherein the period for measuring blood
pressure comprises:

a period in which the wearable cuff (14) is inflat-
ed and/or deflated for measuring blood pres-
sure.

The apparatus (12) as claimed in any of the preced-
ing claims, wherein the apparatus (12) is configured
to determine the measures of the quality of the ac-
quired pressure signals using any one or more of:

a trained classifier;

a regression analysis;

a support vector machine; and
a neural network algorithm.

The apparatus (12) as claimed in any of the preced-
ing claims, wherein the apparatus (12) is configured
to:

identify the wearable cuff (14) for which the
measure of the quality is determined.

The apparatus (12) as claimed in any of the preced-
ing claims, wherein the apparatus (12) is configured
to:

control a user interface to render an indication
of the measure of the quality of the wearable
cuff (14).

A method (200) of operating an apparatus (12) for
use with a wearable cuff (14), wherein the wearable
cuff (14) is for use in measuring blood pressure and
the method (200) comprises:

acquiring (202) a plurality of pressure signals,
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wherein each of the plurality of pressure signals
are indicative of a pressure in the wearable cuff
(14) during a period for measuring blood pres-
sure;

for each of the plurality of acquired pressure sig-
nals, determining (204) a measure of a quality
of the acquired pressure signal based on one or
more parameters derived from artifacts identi-
fied in the acquired pressure signal; and
determining (206) a measure of a quality of the
wearable cuff (14) based on the determined
measures of the quality of the acquired pressure
signals.

15. 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 perform
the method as claimed in claim 14.
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