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(57) ABSTRACT

There is provided a method and apparatus for determining a
baseline for one or more physiological characteristics of a
subject. One or more physiological characteristics of a
subject and contextual information associated with the sub-
ject is acquired. A time period in which the subject is in a
baseline state is detected based on the acquired one or more
physiological characteristics of the subject and the acquired
contextual information associated with the subject. The
baseline for the one or more physiological characteristics of
the subject is determined from a value of at least one of the
acquired one or more physiological characteristics in the
detected time period.
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METHOD AND APPARATUS FOR
DETERMINING A BASELINE FOR ONE OR
MORE PHYSIOLOGICAL
CHARACTERISTICS OF A SUBJECT

TECHNICAL FIELD OF THE INVENTION

[0001] The invention relates to the field of measuring one
or more physiological characteristics of a subject and, in
particular, determining a baseline for the one or more
physiological characteristics of the subject.

BACKGROUND TO THE INVENTION

[0002] The quantification of pain and stress of a subject
has been a clinical need for a long time. Recently, physi-
ological characteristics (including vital-signs such as heart
rate, blood pressure and the like) have been used to objectify
a response of a subject or patient to painful stimuli for this
purpose. The basic underlying mechanism is that pain
stimuli are known to activate the autonomic nervous systems
and have an impact on physiological characteristics. There-
fore, a change in the pain or stress level of a subject can
sometimes be determined by observing a change in the
physiological characteristics of the subject.

[0003] An example of using the physiological character-
istics of a subject in assessing the physical or emotional state
of a patient includes using electrocardiography (ECG) and
photo-plethysmography (PPG) to estimate a pulse transit
time (PTT) from the heart to the hand of a subject and
perceiving an increase in PTT as an indicator of stress and
pain. Another example includes extracting features from a
combination of PPG with galvanic skin response (GSR) and
transforming those features into a single measure that is used
to assess pain. Other examples include using frequency
features of heart rate variability obtained from ECG or a
cardiac rhythm variability, respiratory sinus arrhythmia
changes due to pain, blood pressure (BP) changes, or the like
as indicators that a subject is experiencing pain and/or stress.
[0004] However, the normal range of physiological char-
acteristics can vary considerably between subjects due to
external factors. For example, blood pressure and heart rate
can vary due to age, medical condition, environmental
conditions, and other external factors. It is therefore neces-
sary to normalise and clean acquired data before it can be
used to infer reliable details on the physical and emotional
state of the subject (for example, whether the subject is in
pain, distressed, anxious, and so on).

[0005] Normalisation procedures are often based on time
periods in which a subject is in a well-defined emotional
and/or physical state without transitions (i.e. a time period in
which the subject is at rest without potentially painful or
emotional stimuli). For example, WO 2009/063463 dis-
closes recording a baseline for a patient in a constant
position (similar to that of treatment) with no/minimal pain
stimuli. However, scheduling in a dedicated period in which
the subject is at rest requires extra effort from a healthcare
professional and reduces the efliciency of subject process-
ing. Other methods are based on medical records, population
statistics that are later customised per subject, or arbitrary
thresholds set by clinicians. However, relying on historical
or statistical subject records or setting arbitrary thresholds
can significantly reduce the reliability of results.

[0006] Other methods use a visual analogue scale to allow
subjects themselves to indicate their pain level. However,
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this method is only useful for subjects that are awake (i.e.
not those that are sedated) and the required attention of the
subject towards feeling pain can bias the estimation, making
the assessment unreliable. The reliability can be increased
by implementing methods that do not require the attention of
the subject. However, the problem of there being a large
variability in physiological characteristics between different
subjects still remains.

[0007] Therefore, there is a need for a method and appa-
ratus that can automatically and reliably determine a base-
line (i.e. a suitable, undisturbed period) for a subject for use
in normalising physiological characteristics acquired from
the subject, which overcomes the problems of subject vari-
ability (such as differences in physiologies and conditions
between subjects).

SUMMARY OF THE INVENTION

[0008] As noted above, a limitation with physiological
characteristic measurement is that physiological character-
istics are subject dependent and can be influenced by a range
of external factors. In order to overcome these problems, it
would be valuable to have a more reliable baseline for use
in normalising physiological characteristics acquired from a
subject.

[0009] Therefore, according to a first aspect of the inven-
tion, there is provided a method for determining a baseline
for one or more physiological characteristics of a subject, the
method comprising: acquiring one or more physiological
characteristics of a subject and contextual information asso-
ciated with the subject; detecting a time period in which the
subject is in a baseline state based on the acquired one or
more physiological characteristics of the subject and the
contextual information associated with the subject; and
determining the baseline for the one or more physiological
characteristics of the subject from a value of at least one of
the acquired one or more physiological characteristics in the
detected time period.

[0010] Insome embodiments, the time period in which the
subject is in a baseline state may be a time period in which
the acquired one or more physiological characteristics of the
subject and the contextual information associated with the
subject is within a set range or meets a set condition.

[0011] In some embodiments, the method may further
comprise normalising the acquired one or more physiologi-
cal characteristics.

[0012] In some embodiments, the method may further
comprise comparing the acquired one or more physiological
characteristics with the determined baseline.

[0013] In some embodiments, the method may further
comprise determining if the subject is experiencing a level
of pain and/or stress based on the comparison of the acquired
one or more physiological characteristics with the deter-
mined baseline.

[0014] Insome embodiments, determining if the subject is
experiencing a level of pain and/or stress may comprise
determining that the subject is experiencing a level of pain
and/or stress if the variation of the acquired one or more
physiological characteristics from the determined baseline is
outside the set range.

[0015] Insome embodiments, determining if the subject is
experiencing a level of pain and/or stress may comprise
determining that the subject is not experiencing a level of
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pain and/or stress if the variation of the acquired one or more
physiological characteristics from the determined baseline is
within the set range.

[0016] Insome embodiments, the one or more physiologi-
cal characteristics of the subject may comprise at least one
of: a blood pressure measurement of the subject, a skin
conductivity measurement of the subject, a heart rate mea-
surement of the subject, a brain activity measurement of the
subject, a breathing rate measurement of the subject, a
muscle activity measurement of the subject, and a skin
temperature measurement of the subject.

[0017] In some embodiments, the contextual information
associated with the subject may comprise non-physiological
related information.

[0018] In some embodiments, the contextual information
associated with the subject may comprise information asso-
ciated with at least one of: a posture of the subject, a
movement of the subject, an emotional state of the subject,
an environment condition for the subject, and a medication
condition for the subject.

[0019] According to a second aspect of the invention,
there is provided a computer program product comprising a
computer readable medium, the computer readable medium
having computer readable code embodied therein, the com-
puter readable code being configured such that, on execution
by a suitable computer or processor, the computer or pro-
cessor is caused to perform the method of the methods
described above.

[0020] According to a third aspect of the invention, there
is provided an apparatus for determining a baseline for one
or more physiological characteristics of a subject, the appa-
ratus comprising a control unit configured to: acquire one or
more physiological characteristics of a subject and contex-
tual information associated with the subject; detect a time
period in which the subject is in a baseline state based on the
acquired one or more physiological characteristics of the
subject and the contextual information associated with the
subject; and determine the baseline for the one or more
physiological characteristics of the subject from a value of
at least one of the acquired one or more physiological
characteristics in the detected time period.

[0021] In some embodiments, the control unit may be
configured to acquire the one or more physiological char-
acteristics of a subject and/or the contextual information
associated with the subject from a memory unit in the
apparatus.

[0022] In some embodiments, the control unit may be
configured to acquire the one or more physiological char-
acteristics of a subject by controlling a physiological char-
acteristic sensor to measure the one or more physiological
characteristics of the subject, and to acquire the contextual
information associated with the subject by controlling a
contextual information device to acquire the contextual
information.

[0023] Insome embodiments, the physiological character-
istic sensor may be one or more of: a blood pressure sensor,
a skin conductivity sensor, a heart rate sensor, a brain
activity sensor, a breathing rate sensor, a muscle activity
sensor, and a skin temperature sensor, and the contextual
information device may be one or more of: a posture
detection device for detecting a posture of the subject, a
movement detection device for detecting movement of the
subject, a user interface device for receiving a user input of
an emotional state of the subject, an environment monitoring
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device for determining an environment condition for the
subject, and a medication monitoring device for determining
a medication condition for the subject.

[0024] It is thus possible to automatically and reliably
determine a baseline for a subject for use in normalising
physiological characteristics acquired from the subject,
which overcomes the problems of subject variability. In
understanding the baseline of a subject and comparing
variations in acquired physiological characteristics of the
subject to the baseline, a reliable indication of the physical
and/or emotional state of the subject can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] For a 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:

[0026] FIG. 1is ablock diagram of an apparatus according
to an embodiment of the invention;

[0027] FIG. 2 is a flow chart illustrating a method accord-
ing to an embodiment of the invention;

[0028] FIG. 3 is a graphical illustration of the physiologi-
cal characteristic of a pulse rate of a subject and contextual
information associated with the subject of an acceleration
signal associated with the subject and the activity of the
subject derived from the acceleration signal over time;
[0029] FIG. 4 is a graphical illustration of the physiologi-
cal characteristic of a heart rate of a subject “A” over time
and a subject “B” over time;

[0030] FIG. 5 is a graphical illustration of physiological
characteristics of a subject including a body temperature of
the subject and a photoplethysmography (PPG) amplitude of
the subject and contextual information associated with the
subject including an acceleration signal associated with the
subject over time; and

[0031] FIG. 6 is a graphical illustration of physiological
characteristics of a subject including a heart rate (HR) of the
subject and a mean blood pressure (MBP) of the subject and
contextual information associated with the subject including
a medication dosage administered to the subject over time.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0032] As noted above, the invention provides an auto-
matic and reliable determination of a baseline for a subject
for use in normalising physiological characteristics acquired
from the subject, which overcomes the existing problems
associated with the variable nature of physiological charac-
teristics due to external factors.

[0033] FIG. 1 shows a block diagram of an apparatus 100
according to an embodiment of the invention that can be
used for determining a baseline for one or more physiologi-
cal characteristics of a subject.

[0034] The apparatus 100 comprises a control unit 102
that controls the operation of the apparatus 100 and that can
implement the method describe herein. Briefly, the control
unit 102 is configured to determine a baseline for one or
more physiological characteristics for a subject from a value
of at least one physiological characteristic in a detected time
period in which the subject is in a baseline state (for
example, a stable or steady state). The control unit 102
detects the time period in which the subject is in a baseline
state based on one or more acquired physiological charac-
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teristics of the subject and acquired contextual information
associated with the subject. In other words, the control unit
102 is configured to use one or more acquired physiological
characteristics of a subject and acquired contextual infor-
mation associated with the subject to detect a time period in
which the subject is in a baseline state and determine a
baseline for the one or more physiological characteristics for
the subject from a value of at least one physiological
characteristic in the detected time period.

[0035] A physiological characteristic of the subject is a
measurable characteristic of a subject (such as a vital-sign)
that is indicative of the health or state of the subject. A
physiological characteristic may be affected by a level of
pain (including discomfort) that the subject is experiencing,
and/or a level of stress (including anxiety and/or alertness)
that the subject is suffering. The contextual information
associated with the subject comprises non-physiological
related information (i.e. information different to the physi-
ological characteristics). The contextual information is
information that can put any detected change in acquired
physiological characteristics into context. In other words,
the contextual information is intended to provide intelli-
gence on the physiological characteristics. For example, the
contextual information is information that can be used to
determine a cause or contributing factor of any change
observed in the acquired physiological characteristics to
determine whether the acquired physiological characteristics
provide a reliable indication of the health/state of the sub-
ject, as explained in more detail later.

[0036] The control unit 102 can comprise one or more
processors, processing units, multi-core processors or mod-
ules that are configured or programmed to control the
apparatus 100 to determine a baseline for a physiological
characteristic for the subject. In particular implementations,
the control unit 102 can comprise a plurality of software
and/or hardware modules that are each configured to per-
form, or are for performing, individual or multiple steps of
the method according to embodiments of the invention.
[0037] The apparatus 100 comprises a memory unit 104
that can be used for storing program code that can be
executed by the control unit 102 to perform the method
described herein. The memory unit 104 can also be used to
store information, signals and measurements made or
acquired by any sensors or devices (including a physiologi-
cal characteristic sensor 106 and/or a contextual information
device 108) that are part of the apparatus 100 or that are
external to the apparatus 100. In some embodiments, the
control unit 102 may be configured to acquire the one or
more physiological characteristics of a subject and/or con-
textual information associated with the subject from the
memory unit 104 in the apparatus 100 or an external
memory unit.

[0038] In some embodiments, the apparatus 100 com-
prises a physiological characteristic sensor 106 for acquiring
one or more physiological characteristics of the subject and
the control unit 102 may be configured to acquire the one or
more physiological characteristics of a subject by control-
ling the physiological characteristic sensor 106 in the appa-
ratus 100 to measure the at least one physiological charac-
teristic of the subject. In other embodiments, the control unit
102 may be configured to acquire the one or more physi-
ological characteristics of a subject from an external physi-
ological characteristic sensor (i.e. a physiological character-
istic sensor that is separate from the apparatus 100). In some
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embodiments, multiple physiological characteristics can be
acquired by one or multiple physiological characteristic
Sensors.

[0039] Insome embodiments, the physiological character-
istic sensor 106 may be a blood pressure sensor for acquiring
blood pressure measurements of the subject. The blood
pressure sensor can be any type of device that is able to
measure the blood pressure of a subject. For example, the
blood pressure sensor can be in the form of a cuff-based
device. In this example, a cuff is placed around a limb (for
example, an arm) or digit (for example, a finger) of the
subject, a pump is used to inflate the cuff to a desired
pressure, and a pressure sensor measures the air pressure
inside the cuff. The pump may also be configured to deflate
the cuff' to a desired pressure and/or the device can comprise
a valve that can be controlled to deflate the cuff. A processor
or control unit in the device (or alternatively the control unit
102) can analyse the measurements from the air pressure
sensor and control the pump and/or valve to inflate and/or
deflate the cuff' accordingly to obtain a measurement of the
blood pressure of the subject. In an example, the blood
pressure of the subject can be acquired by measuring sound
distal from the cuff (known as the auscultatory method) or
by measuring pressure pulsations in the cufl’ caused by
volume pulsations of the arm and brachial artery and extract-
ing features from the envelope of these pressure pulses
(known as the oscillometric method). Those skilled in the art
will be aware of cuff-based devices and other types of
devices (e.g. that do not use a cuff) that can be used to
measure blood pressure.

[0040] Insome embodiments, the physiological character-
istic sensor 106 may be a skin conductivity sensor for
acquiring skin conductivity measurements (i.e. galvanic skin
response). Skin conductance can be measured using a pair of
electrodes that are placed in contact with the skin of the
subject. An electrical current may be applied through one of
the electrodes and the resistance of the skin measured, or the
voltage between the electrodes can be measured. In an
exemplary embodiment, the electrodes can be configured to
be in contact with the skin on the palm of a hand of the
subject.

[0041] Insome embodiments, the physiological character-
istic sensor 106 may be a heart rate sensor for acquiring
heart rate measurements of the subject. The heart rate sensor
may be any type of heart rate sensor. In one example, the
heart rate sensor may be an electrocardiogram (ECG) sensor
and the heart rate measurement of the subject may be
acquired from an ECG signal (i.e. a signal representing the
electrical activity of the subject’s heart) measured by the
ECG sensor. The ECG sensor may comprise at least two
electrodes. In the example of an ECG sensor comprising two
electrodes, the electrodes may be located either side of the
subject’s heart (for example, located on each arm). How-
ever, those skilled in the art will be aware of other arrange-
ments for the electrodes on the body of the subject to acquire
a heart rate measurement of the subject. In another example,
the heart rate sensor may be a photo-plethysmography
(PPG) sensor and the heart rate measurement of the subject
may be acquired from a PPG signal measured by the PPG
sensor. In other examples, the heart rate sensor can be an
accelerometer located on the chest or back of the subject
(with an acceleration measurement signal being processed to
identify accelerations/movements due to the beating of the
heart), a microphone located on the chest or back of the
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subject (with the sound measurement signal being processed
to identify sounds that occur due to the beating of the heart)
or a blood oxygenation (SpO2) sensor.

[0042] Other examples of physiological characteristic sen-
sors 106 can include a brain activity sensor for acquiring
brain activity measurements (such as electrodes for acquir-
ing electroencephalography, EEG, measurements) of the
subject, a breathing (i.e. respiration) rate sensor for acquir-
ing breathing rate measurements of the subject, a muscle
activity sensor for acquiring muscle activity measurements
of the subject (such as an electromyograph for acquiring
electromyography, EMG, measurements) and a skin tem-
perature sensor for acquiring skin temperature measure-
ments of the subject. Although some examples have been
provided for the physiological characteristic sensor 106 and
the physiological characteristic, those skilled in the art will
be aware of other physiological characteristic sensors 106
and other types of physiological characteristics that can be
used. In some embodiments, a combination of physiological
characteristic sensors 106 can be used to acquire more than
one type of physiological characteristic.

[0043] In some embodiments, the apparatus 100 com-
prises a contextual information device 108 for acquiring
contextual information associated with the subject, and the
control unit 102 may be configured to acquire the contextual
information associated with the subject by controlling the
contextual information device 108 in the apparatus 100 to
acquire the contextual information. In other embodiments,
the control unit 102 may be configured to acquire the
contextual information associated with the subject from an
external contextual information device (i.e. a contextual
information device that is separate from the apparatus 100).
In some embodiments, multiple types of contextual infor-
mation can be acquired by one or multiple contextual
information devices.

[0044] In some embodiments, the contextual information
device 108 may be a posture detection device for detecting
a posture of the subject. The posture detection device can
comprise a camera. For example, the camera may be
directed at the subject to acquire images or a video of the
subject and the posture of the subject can be determined
from the acquired images or video. Alternatively or in
addition, the posture detection device can comprise a pres-
sure detection device. For example, the pressure detection
device may comprise a plurality of pressure sensors placed
at different locations on the surface on which the subject
rests (for example, the surface of a table, bed, chair, or the
like). The plurality of pressure sensors may be embedded in
the surface itself or in a sensor mat placed on top of the
surface. The plurality of pressure sensors can sense pressure
caused by different areas of the body of the subject on the
surface, which can then be used to estimate the posture (or
pose) of the subject.

[0045] In some embodiments, the contextual information
device 108 may be a movement detection device for detect-
ing a movement of the subject. The movement detection
device can comprise a camera. For example, the camera may
be directed at the subject to acquire images or a video of the
subject and the movement of the subject can be determined
from the acquired images or video. Alternatively or in
addition, the movement detection device can comprise an
accelerometer sensor. The accelerometer sensor may be
placed in the bed of the subject or may be a wearable
accelerometer sensor for placement on the body of the
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subject. For example, the movement detection device may
comprise a removable strap for placement onto the body of
the subject and the removable strap may comprise the
accelerometer sensor. The removable strap may be placed
around the subject (such as, around a trunk, leg, or arm of
the subject). The movement detection device can comprise
more than one accelerometer sensor, each accelerometer
sensor for placement at a different location in the bed of the
subject or at a different location on the body of the subject.
[0046] Other examples of contextual information devices
108 and the contextual information can include a user
interface device (such as a touch screen, a keyboard, a
keypad, or the like) for receiving a user input of an emo-
tional state of the subject, an environment monitoring device
for determining an environment condition for the subject
(such as a thermometer for monitoring the temperature of
the environment), and a medication monitoring device for
determining a medication condition for the subject (such as
a dosage monitoring device for monitoring the dosage of
medication administered to the subject, which in one
example may be connected to an infusion pump that is
delivering the medication to the subject or in another
example may be connected to electronic medical records
that indicate medication information for the subject).
Although some examples have been provided for the con-
textual information device 108 and the contextual informa-
tion, those skilled in the art will be aware of other contextual
information device 108 and other types of contextual infor-
mation that can be used. In some embodiments, a combi-
nation of contextual information devices 108 can be used to
acquire more than one type of contextual information.
[0047] In some embodiments, the control unit 102 may be
configured to acquire the one or more physiological char-
acteristics of a subject and the contextual information asso-
ciated with the subject from any combination of a memory
unit 104 in the apparatus 100, an external memory unit, a
physiological characteristic sensor 106 in the apparatus 100,
an external physiological characteristic sensor, a contextual
information device 108 in the apparatus 100, and an external
contextual information device such as those described
above,

[0048] The acquired one or more physiological character-
istics of a subject and the acquired contextual information
associated with the subject can be processed generally as the
they are acquired (for example, in real-time or near-real
time), or they can be stored in the memory unit 104 and the
control unit 102 can retrieve and process the previously-
acquired physiological characteristics and contextual infor-
mation from the memory unit 104 at a later time. The output
of the physiological characteristic sensor 106 may be a time
series of values for the physiological characteristic, or ‘raw’
measurements (for example, measurements of heart rate, an
ECG signal, and so on) that are processed by the control umt
102 in order to determine a time series of values for the
physiological characteristic. Similarly, the output of the
contextual information device 108 may be a time series of
values for the contextual information, or ‘raw’ data (for
example, environment temperature, medication dosage, and
so on) that is processed by the control unit 102 in order to
determine a time series of values for the contextual infor-
mation.

[0049] In some embodiments. the control unit 102 (and
thus the apparatus 100) may be part of a mobile device (such
as a smart phone) or other general purpose computing device



US 2019/0076086 A1

that can comprise, be connected to or otherwise acquire a
signal or measurement from a physiological characteristic
sensor 106 and a contextual information device 108. In these
embodiments, depending on the physiological characteristic
and contextual information to be acquired, the physiological
characteristic sensor 106 and/or the contextual information
device 108 may be integrated into the device or separate to
the device but able to provide signals/measurements to the
device for processing and analysis (for example, via a wired
or wireless connection). In other embodiments, the appara-
tus 100 can be an apparatus that is dedicated to the purpose
of acquiring physiological characteristics and contextual
information.

[0050] It will be appreciated that FIG. 1 only shows the
components required to illustrate this aspect of the inven-
tion, and in a practical implementation the apparatus 100
may comprise additional components to those shown. For
example, the apparatus 100 may comprise a battery or other
power supply for powering the apparatus 100 or means for
connecting the apparatus 100 to a mains power supply,
and/or a communication module for enabling acquired
physiological characteristics, contextual information, and/or
determined baselines to be communicated to a base unit for
the apparatus 100 or to a remote computer (for example, that
is operated by a healthcare professional).

[0051] The apparatus 100 may also comprise at least one
user interface component that is for use in providing the
subject or other user of the apparatus 100 (for example,
healthcare provider) with information resulting from the
method according to the invention. The user interface com-
ponent can comprise any component that is suitable for
providing the information resulting from the method accord-
ing to the invention, and can be, for example, any one or
more of a display screen or other visual indicator, a speaker,
one or more lights, and a component for providing tactile
feedback (e.g. a vibration function). The user interface
component may be or may comprise means that enables the
subject or another user of the apparatus 100 to interact with
and/or control the apparatus 100. For example, the user
interface component could comprise a switch, a button or
other control means for activating and deactivating the
apparatus 100 and/or acquisition process.

[0052] FIG. 2 illustrates a method 200 for determining a
baseline for one or more physiological characteristics of a
subject according to an embodiment of the invention. This
method can generally be performed by or under the control
of the control unit 102 of the apparatus 100.

[0053] With reference to FIG. 2, at block 202, one or more
physiological characteristics of a subject and contextual
information associated with the subject is acquired. The one
or more physiological characteristics of the subject can be
acquired directly using a physiological characteristic sensor
106 (which can either be part of the apparatus 100 or
separate to the apparatus 100, as described earlier) or the one
or more physiological characteristics of the subject can be
retrieved from the memory unit 104. Similarly, the contex-
tual information associated with the subject can be acquired
directly using a contextual information sensor 108 (which
can either be part of the apparatus 100 or separate to the
apparatus 100, as described earlier) or the contextual infor-
mation associated with the subject can be retrieved from the
memory unit 104. As described earlier, the outputs of the
physiological characteristic sensor 106 and the contextual
information device 108 may be a time series of values for the
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physiological characteristic and the contextual information,
or ‘raw’ measurements that are processed by the control unit
102 in order to determine a time series of values.

[0054] At block 204, a time period in which the subject is
in a baseline state is detected based on the acquired one or
more physiological characteristics of the subject and the
acquired contextual information associated with the subject.
In other words, a baseline period is detected. The baseline
period may be the time period in which the subject is
determined, from analysis of the acquired one or more
physiological characteristics of the subject and the acquired
contextual information associated with the subject, to be
experiencing a low level of stress and/or pain (or even no
stress and/or pain).

[0055] As mentioned earlier, a physiological characteristic
of the subject can be influenced by external factors such that
acquired physiological characteristics may not provide a true
or accurate indication of the health or state of the subject
(such as the pain and/or stress level experience by the
subject). For example, the external factors that may affect
the accuracy of any acquired physiological characteristics
may include a change in the environmental conditions to
which the subject is exposed, a change in the medication
concentration (such as pain relief medication, anaesthetics,
or similar) in the subject, a change in the orientation or
posture of the subject, a movement of the subject, or any
other external factor. In order to improve the reliability of
determining a baseline period for the subject, the determi-
nation takes into account contextual information in addition
to physiological characteristics in order to determine any
underlying cause or contributing factor to a change observed
in the physiological characteristics of a subject and reliably
determine a baseline period that reflects the true health/state
of the subject.

[0056] The time period in which the subject is in a baseline
state may be determined as a time period in which the
acquired one or more physiological characteristics of the
subject and the contextual information associated with the
subject 1s within a set range or meets a set condition. For
example, the time period in which the subject is in a baseline
state may be a time period in which the acquired one or more
physiological characteristics of the subject is above a mini-
mum threshold value, below a maximum threshold value,
constant (i.e. a variation in the blood pressure of the subject
is below a threshold value), meets a condition set by an
operator such as a professional healthcare provider or any
combination thereof. In addition, the time period in which
the subject is in a baseline state may be a time period in
which the acquired contextual information associated with
the subject is above a minimum threshold value, below a
maximum threshold value, constant (i.e. a variation in the
blood pressure of the subject is below a threshold value),
meets a condition set by an operator such as a professional
healthcare provider, or any combination thereof. In this way,
it is possible to detect a time period in which the subject is
in a baseline state where the acquired one or more physi-
ological characteristics are in a stable state and there is no
(or minimal) influence on the acquired physiological char-
acteristics from external factors.

[0057] Some examples for determining that the acquired
one or more physiological characteristics of the subject are
within a set range or meet a set condition include determin-
ing any one or more (and any combination) of the following:
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[0058] a blood pressure measurement of the subject is
above a minimum threshold value, below a maximum
threshold value and/or is constant (i.e. a variation in the
blood pressure of the subject is below a threshold
value);

[0059] a skin conductance measurement (i.e. the gal-
vanic skin response) of the subject is below a threshold
value and/or is constant (i.e. a variation in the skin
conductance of the subject is below a threshold value);

[0060] a heart rate measurement of the subject is above
a minimum threshold value, below a maximum thresh-
old value and/or is constant (i.e. a variation in the heart
rate of the subject is below a threshold value);

[0061] a brain activity measurement of the subject is
above a minimum threshold value, below a maximum
threshold value and/or is constant (i.e. a variation in the
brain activity of the subject is below a threshold value);

[0062] a breathing rate measurement of the subject is
above a minimum threshold value, below a maximum
threshold value and/or is constant (i.e. a variation in the
breathing rate of the subject is below a threshold
value);

[0063] a muscle activity measurement of the subject is
above a minimum threshold value, below a maximum
threshold value and/or is constant (i.e. a variation in the
muscle activity of the subject is below a threshold
value); and

[0064] a skin temperature measurement of the subject is
above a minimum threshold value, below a maximum
threshold value and/or is constant (i.e. a variation in the
skin temperature of the subject is below a threshold
value).

[0065] In one embodiment, the threshold values men-
tioned above for the physiological characteristics of the
subject can be obtained by a population-based analysis of
subjects with similar characteristics. In this embodiment, the
median (or mean) of the population can be used as an
average value and upper and lower limits can be statistically
selected for use as the maximum and minimum threshold
values respectively. For example, if an acquired physiologi-
cal characteristic has a value that falls within a distance of
+/- twice the standard deviation, the acquired physiological
characteristic is determined to be within a set range or to
meet a set condition (i.e. the acquired physiological char-
acteristic is determined to be “normal”).

[0066] In another embodiment, previously acquired data
of the same subject can be used to set the threshold values.
In another embodiment, the threshold values may be set
based on values for one or more physiological characteris-
tics of the subject acquired during an initial monitoring
period of the subject (for example, a period in which the
subject is at rest, performing physical activity, and/or under
medication). The acquired values for the one or more
physiological characteristics of the subject may be acquired
from measurements performed during a preparation phase of
the subject and/or may be acquired from an electronic
medical record for the subject.

[0067] In addition, some examples for determining that
the acquired contextual information associated with the
subject is within a set range or meets a set condition include
determining any one or more (and any combination) of the
following:
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[0068] an orientation or posture of the subject is con-
stant (i.e. a variation in the orientation or posture of the
subject is below a threshold value);

[0069] a movement of the subject is below a threshold
value;
[0070] an emotional state of the subject is positive (i.e.

above a threshold value, which may be indicated on a
scale or the like);

[0071] an environment condition for the subject is met
such as a temperature of the environment for the
subject is above a minimum threshold value, below a
maximum threshold value and/or is constant (i.e. a
variation in the environment condition for the subject is
below a threshold value), the number of healthcare
professionals in the proximity of the subject is less than
a threshold value, a sound level in the proximity of the
patient is below a maximum threshold value, or similar;
and

[0072] a medication condition for the subject is met
such as the medication dosage is above a threshold
value, a time period from administering medication to
the subject has expired, or similar.

[0073] In the example in which the acquired contextual
information associated with the subject is determined to be
within a set range (or meet a set condition) because the
variation in the orientation or posture of the subject is below
a threshold value, the threshold value for the subject may be
derived from a period in which the subject is in a relaxed
state (for example, a period in which the subject is lying
down, sitting or in some other relaxed state). This period
may be detected where there is a period of consistent values
for the acquired physiological characteristics followed by a
rise in the acquired values. In this example, the period of
consistent acquired values is an indication of a relaxed
period (such as a period in which the subject is lying/sitting
down) whereas the rise in the acquired values is an indica-
tion of a disturbed period (such as a period where the subject
moves from the lving/sitting down position). The period of
consistent acquired values, before the rise in acquired val-
ues, 1s used to derive the threshold value for the subject in
this example.

[0074] In the example in which the acquired contextual
information associated with the subject is determined to be
within a set range (or meet a set condition) because a
movement of the subject is below a threshold value, the
threshold value for the subject may be derived from a period
of low activity. For example, there may be a continuous
mode of acquiring activity measurements of the subject and
the acquired activity measurements may then be classified
into different levels of activity (such as low, medium and
high). This can be done over time windows (for example, a
time window of a few minutes). The acquired activity
measurements classified into the lowest level of activity can
then be used to derive the threshold value for the subject. For
example, a low level of activity may be used to derive a
minimum threshold value for the heart rate of the subject
(which may be a value below 70 beats/min such as 67
beats/min, 65 beats/min, 60 beats/min, 50 beats/min, 40
beats/min, or similar) and a high level of activity may be
used to derive a maximum threshold value for the heart rate
of the subject (which may be a value above 140 beats/min
such as 145 beats/min, 150 beats/min, 155 beats/min, or
similar).
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[0075] In the example in which the acquired contextual
information associated with the subject is determined to be
within a set range (or meet a set condition) because a
medication condition for the subject is met, the medication
may be any medication that may affect the physiological
characteristics of the subject. For example, the medication
may be a pain reduction medication (such as an opioid or the
like), blood thinning medication, sedation medication,
muscle relaxant medication, or any other medication that
may affect the physiological characteristics of the subject.
The threshold value for the medication dosage may be a
standard value (for example, a value set by an expert) and
may take into consideration subject characteristics (for
example, age, weight, condition, or similar).

[0076] Although some examples are provided above for a
determination of the acquired one or more physiological
characteristics of the subject and the contextual information
associated with the subject being within a set range or
meeting a set condition, those skilled in the art will be aware
of other possibilities.

[0077] Thetime period in which the subject is in a baseline
state may be detected automatically (for example, in real-
time or near real-time) on acquiring the one or more physi-
ological characteristics of the subject and the acquired
contextual information associated with the subject. Alterna-
tively, where the acquired one or more physiological char-
acteristics and the acquired contextual information associ-
ated with the subject is retrieved from the memory unit 104,
the time period in which the subject is in a baseline state is
detected at a different time to the acquisition.

[0078] At block 206, a baseline is determined for the one
or more physiological characteristics for the subject from a
value of at least one of the acquired one or more physi-
ological characteristics in the detected time period. In other
words, at least one of the physiological characteristics
acquired during the detected time period is regarded as a
baseline value for the acquired one or more physiological
characteristics. In one example, where more than one value
of the physiological characteristics acquired in the baseline
period is used for determining the baseline, a mean or
median value may be used as the baseline value for the
acquired one or more physiological characteristics. In
another example, the baseline value may be determined
through voting or classification of the at least one physi-
ological characteristic acquired during the detected time
period. A determined baseline value is marked suitable for
use in normalising the acquired one or more physiological
characteristics and may be used as such.

[0079] For example, although not shown in FIG. 2, after
block 206, the acquired one or more physiological charac-
teristics may then be normalised. Normalisation can be
performed using any known normalisation technique. In one
example, normalisation may involve averaging the acquired
one or more physiological characteristics and then using the
average to set upper and lower limits for the one or more
physiological characteristics. The physiological characteris-
tics falling within the upper and lower limits are the nor-
malised physiological characteristics. In another example,
normalisation may involve use of a mathematical expression
(such as a logistic function, an arctan function, or similar) to
rescale the one or more physiological characteristics to a
fixed scale (such as a scale of 0 to 1). The rescaled one or
more physiological characteristics are the normalised physi-
ological characteristics. Although examples are provided for
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the normalisation technique that may be used to normalise
the acquired one or more physiological characteristics of the
subject, those skilled in the art will be aware of other
normalisation technique.

[0080] In some embodiments, after block 206, the
acquired one or more physiological characteristics (which
can be the normalised physiological characteristics) may
also be compared with the determined baseline. In one
embodiment, it may be determined if the subject is experi-
encing a level of pain and/or stress based on the comparison
of the acquired one or more physiological characteristics
with the determined baseline.

[0081] If the variation of the acquired one or more physi-
ological characteristics from the determined baseline is
outside a set range, it is determined that the subject is
experiencing a level of pain and/or stress. For example, if a
measurement of a physiological characteristic exceeds the
determined baseline by a certain amount (for example, by a
certain percentage, such as 20%, 30%, 40%, 50% or any
other percentage), then the measurement can be considered
as indicating a high level of stress and/or pain.

[0082] On the other hand, if the variation of the acquired
one or more physiological characteristics from the deter-
mined baseline is within a set range, it is determined that the
subject is not experiencing a level of pain and/or stress or is
experiencing a low level of pain and/or stress. For example,
if a measurement of a physiological characteristic does not
exceed the determined baseline by a certain amount (for
example, by a certain percentage, such as 20%, 30%, 40%,
50% or any other percentage), then the measurement can be
considered as indicating a that the subject is not experienc-
ing a level of pain and/or stress or is experiencing a low level
of pain and/or stress.

[0083] FIG. 3 is a graphical illustration of the physiologi-
cal characteristic of a pulse rate of a subject (for example,
acquired from a PPG) and contextual information associated
with the subject of an acceleration signal associated with the
subject (for example, acquired from an accelerometer) and
the activity of the subject derived from the acceleration
signal over time during preparation for a medical procedure.
[0084] The pulse rate of the subject during preparation for
the medical procedure shows distinctive peaks at various
times. From the accelerometer signal, it is apparent that the
peaks in the pulse rate are related to the physical activity of
the subject (i.e. the heart rate can be seen to increase due
movement of the subject) and manipulations of the subject.
A first set of peaks occurs in a first time period 300. In this
example, the peaks in the first time period 300 are due to the
subject climbing onto an operation table. A second set of
peaks occur in a second time period 302. In this example, the
peaks in the second time period 302 are due to manipulations
on the subject (for example, injections, intubation, or the
like). The manipulations are visible in the activity signal.
There is no orientation change visible in the acceleration
signal. It is thus determined that the pulse rate increase is due
to pain and/or stress from manipulations on the subject. The
first time period 300 and second time period 302 are
determined to be unsuitable as baseline periods and the
values of the pulse rate in these periods are determined to be
unsuitable for use as a baseline for normalising the acquired
pulse rate.

[0085] In another example, ambient sensors such as cam-
eras or embedded sensors (such as pressure sensors) in the
subject’s bed can be used to indicate low activity periods.



US 2019/0076086 A1

For example, it can be automatically detected from these
sensors that the subject is lying in bed and either sleeping or
doing a low activity. This period is taken as the baseline
period and a value of a physiological characteristic in this
baseline period is used as the baseline for normalisation.

[0086] FIG. 4 is a graphical illustration of the physiologi-
cal characteristic of a heart rate of a subject “A” over time
and a subject “B” over time. In this example, the heart rate
measurements are acquired during a magnetic resonance
imaging (MRI) examination.

[0087] Several time periods of physical activity 402, 404
can be seen when the subjects move to/from the bed, to/from
the MRI room, and onto/off the MRI table. When the table
moves, the subject is required to lie perfectly still. It thus is
determined that subject A was anxious (or stressed) in the
time period before the examination 400 since a large
increase in heart rate is observed during the time period in
which subject A is lying still. On the other hand, it is
determined that subject B was not anxious during this time
period since no elevation in heart rate is observed in the time
period in which subject B is lying still. It can also be
determined that the heart rate of subject B is much higher
than that of subject A during the baseline periods, thus
emphasising the importance of normalisation. The contex-
tual information acquired (relating to the movement of the
subjects) prevents any confusion of heart rate increases
related to physical activity, emotion, and pain. It is deter-
mined that the examination begins and ends with a baseline
period in which the heart rate is low and stable without any
influence from physical activity, emotion, and pain.

[0088] FIG. 5 is a graphical illustration of physiological
characteristics of a subject including a body temperature of
the subject and a photoplethysmography (PPG) amplitude of
the subject and contextual information associated with the
subject including an acceleration signal associated with the
subject over time.

[0089] This example shows the impact of environmental
temperature changes on amplitude of a PPG signal (acquired
from the upper arm of the subject) and accelerometer signals
(acquired via a wearable accelerometer on the trunk of the
subject). The temperature measurements are acquired from
ambient sensors and wearable sensors. The temperature can
be seen to reduce over time. For example, this change may
be due to the subject being moved to another room. The
reduction in temperature causes vaso-motion, which has an
impact on the PPG amplitudes. The accelerometer signals
detect shivering of a subject at time 500 indicating that the
subject regulatory system is responding to an environmental
change and not pain or stress. Thus, from the increase in the
amplitude of the acceleration at time 500, it can be deter-
mined that the PPG amplitude after said time 500 cannot be
used as a baseline period. The combined analysis of con-
textual information (i.e. the acceleration information) and
the physiological characteristics (i.e. the PPG and body
temperature measurements) allow determination of a base-
line period when a stable subject condition can be assumed
for normalisation. The values of the PPG signal in the
baseline period are used as a baseline for normalising the
acquired pulse rate.

[0090] FIG. 6 is a graphical illustration of physiological
characteristics of a subject including a heart rate (HR) of the
subject and a mean blood pressure (MBP) of the subject and
contextual information associated with the subject including
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a medication dosage administered to the subject over time
before, during and after a medical procedure.

[0091] In this example, the dose of medication adminis-
tered to the subject is controlled. For instance, the dosage of
anaesthesia administered to the subject may be controlled by
means of an anaesthesia machine. It is possible to automati-
cally detect high concentration periods combined with the
time the medication was administered to select a baseline
period that can be used for normalisation of pain parameters.
Where the concentrations of medication are high, the subject
is sedated and this is combined with overall minimal values
in acquired vitals (heart rate and mean blood pressure) for
the subject. The peaks in the dosage of medication before the
procedure indicate the start of surgery and, given that the
medication has a known effect concentration (per weight),
the required time is allowed to pass and then the period
afterwards is detected as a low pain period that is used for
normalisation.

[0092] There is therefore provided a method and apparatus
for reliably determining a baseline for one or more physi-
ological characteristics of a subject. The method and appa-
ratus can be useful in monitoring a subject at home and in
a professional healthcare facility (such as a hospital).
[0093] Variations to the disclosed embodiments can be
understood and effected by those skilled in the art in
practicing the claimed invention, from a study of the draw-
ings, the disclosure and the appended claims. In the claims,
the word “comprising” does not exclude 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 recited 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 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 telecommunication systems. Any
reference signs in the claims should not be construed as
limiting the scope.

1. A method for determining a baseline for one or more
physiological characteristics of a subject, the method com-
prising:

acquiring one or more physiological characteristics of a

subject and contextual information associated with the
subject;

detecting a time period in which the subject is in a

baseline state, namely a time period in which the
acquired one or more physiological characteristics of
the subject and the contextual information associated
with the subject are within a set range or meet a set
condition; and

determining the baseline for the one or more physiologi-

cal characteristics of the subject from a value of at least
one of the acquired one or more physiological charac-
teristics in the detected time period.

2. A method as claimed in claim 1, further comprising:

normalising the acquired one or more physiological char-
acteristics.

3. A method as claimed in claim 1, further comprising:

comparing the acquired one or more physiological char-
acteristics with the determined baseline.
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4. A method as claimed in claim 3, further comprising:

determining if the subject is experiencing a level of pain

and/or stress based on the comparison of the acquired
one or more physiological characteristics with the
determined baseline.

5. A method as claimed in claim 4, wherein determining
if the subject is experiencing a level of pain and/or stress
comptises:

determining that the subject is experiencing a level of pain

and/or stress if the variation of the acquired one or more
physiological characteristics from the determined base-
line is outside the set range.

6. A method as claimed in claim 4, wherein determining
if the subject is experiencing a level of pain and/or stress
comprises:

determining that the subject is not experiencing a level of

pain and/or stress if the variation of the acquired one or
more physiological characteristics from the determined
baseline is within the set range.

7. A method as claimed in claim 1, wherein the one or
more physiological characteristics of the subject comprises
at least one of:

a blood pressure measurement of the subject;

a skin conductivity measurement of the subject;

a heart rate measurement of the subject;

a brain activity measurement of the subject;

a breathing rate measurement of the subject;

a muscle activity measurement of the subject; and

a skin temperature measurement of the subject.

8. A method as claimed in claim 1, wherein the contextual
information associated with the subject comprises non-
physiological related information.

9. A method as claimed in claim 1, wherein the contextual
information associated with the subject comprises informa-
tion associated with at least one of:

a posture of the subject;

a movement of the subject;

an emotional state of the subject;

an environment condition for the subject; and

a medication condition for the subject.

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 processor, the computer or processor is
caused to perform the method of claim 1.

Mar. 14, 2019

11. An apparatus for determining a baseline for one or
more physiological characteristics of a subject, the apparatus
comprising:

a control unit configured to:

acquire one or more physiological characteristics of a
subject and contextual information associated with
the subject;

detect a time period in which the subject is in a baseline
state, namely a time period in which the acquired one
or more physiological characteristics of the subject
and the contextual information associated with the
subject are within a set range or meet a set condition;
and

determine the baseline for the one or more physiologi-
cal characteristics of the subject from a value of at
least one of the acquired one or more physiological
characteristics in the detected time period.

12. An apparatus as claimed in claim 11, wherein the
control unit is configured to acquire the one or more physi-
ological characteristics of a subject and/or the contextual
information associated with the subject from a memory umt
in the apparatus.

13. An apparatus as claimed in claim 11, wherein the
control unit is configured to acquire the one or more physi-
ological characteristics of a subject by controlling a physi-
ological characteristic sensor to measure the one or more
physiological characteristics of the subject, and to acquire
the contextual information associated with the subject by
controlling a contextual information device to acquire the
contextual information.

14. An apparatus as claimed in claim 13, wherein the
physiological characteristic sensor is one or more of: a blood
pressure sensor, a skin conductivity sensor, a heart rate
sensor, a brain activity sensor, a breathing rate sensor, a
muscle activity sensor, and a skin temperature sensor, and

wherein the contextual information device is one or more

of: a posture detection device for detecting a posture of
the subject, a movement detection device for detecting
movement of the subject, a user interface device for
receiving a user input of an emotional state of the
subject, an environment monitoring device for deter-

mining an environment condition for the subject, and a

medication monitoring device for determining a medi-
cation condition for the subject.
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