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(54) DEVICE FOR USE IN MEASURING BLOOD PRESSURE

(57) There is provided a device (100) for use in meas-
uring blood pressure. The device (100) comprises a light
source (102) configured to emit light (104) onto the skin
(106) of a subject (108). The light source (102) is config-
ured to alternate between emitting coherent light and in-
coherent light. The device (100) also comprises a light

detector (110) configured to detect light (104) scattered
back from the skin (106) of the subject (108) and generate
an electrical signal from the detected light. The generated
electrical signal is for use in measuring a blood pressure
of the subject (108).



EP 3 662 821 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD OF THE INVENTION

[0001] The disclosure relates to a device for use in
measuring blood pressure and a method of operating the
device.

BACKGROUND OF THE INVENTION

[0002] Blood pressure (BP), or more specifically arte-
rial blood pressure (ABP), is considered to be one of the
most important physiological parameters for monitoring
subjects. This is especially the case for subjects in a crit-
ical condition. Blood pressure can, for example, provide
a useful indication of the physical or physiological con-
dition of a subject. It is thought of as a key physiological
parameter relevant for medical diagnosis, prevention, as
well as therapy guidance.
[0003] A variety of techniques exist for measuring
blood pressure. The techniques can be divided into two
categories, namely invasive techniques and non-inva-
sive techniques. The invasive techniques currently pro-
vide the most accurate continuous measurements. How-
ever, most invasive techniques are expensive and are
generally only used in specific settings such as hospitals
(especially in intensive care units) as they require spe-
cialists or trained medical staff for operation. Therefore,
non-invasive techniques can be more practical where
blood pressure measurements need to be acquired more
frequently by an untrained user. Due to the availability of
affordable devices, cuff-based blood pressure measure-
ments have found widespread use in home monitoring.
[0004] However, standard cuff-based blood pressure
measurements that use the widely known oscillometry
or auscultation methods only allow intermittent measure-
ments and are uncomfortable for the subject. In particu-
lar, in the standard cuff-based blood pressure measure-
ments, the pressure of the cuff needs to be close to or
higher than the diastolic blood pressure (around 80 mm-
Hg) for blood pressure measurement, whereas comfort-
able pressures are much lower (e.g. with a maximum in
the range from 20-30 mmHg).
[0005] Other techniques that have been seen as prom-
ising technologies towards continuous blood pressure
measurements include radial artery applanation tonom-
etry, vascular unloading and pulse wave velocity (PWV)
or pulse shape analysis techniques. However, each of
these techniques also have their downsides. Radial ar-
tery tonometry, for example, is inherently sensitive to
sensor displacement and motion artifacts, which makes
it unsuitable for wearable devices. Also, in the case of
vascular unloading, for example, a cuff still needs to be
placed on the finger of the subject and the placement of
this cuff in vascular unloading is difficult and cumber-
some. Also, absolute blood pressure readings can be
unreliable despite an underlying calibration scheme and
the overall system is large and bulky.

[0006] WO 2007/017661 discloses another technique
for measuring blood pressure, which also involves a cuff
to apply pressure. In this technique, coherent light is
launched into the skin of the subject at a point down-
stream of the cuff and light scattered back from the skin
of the subject is processed to create a signal indicative
of a level of blood flow oscillation from which an arterial
blood pressure can be determined. However, when an
artery is stiff, the volume of the artery will not change
much with blood pressure and thus the level of blood flow
oscillation is not always a reliable indicator of the blood
pressure. An optical pulse signal (which provides an in-
dication of the volume) is thus not adequate to measure
absolute values of arterial blood pressure at low pres-
sures of the cuff (or in the absence of the cuff).
[0007] Some techniques have been proposed to ad-
dress this by taking into account the stiffness of the artery
or a correlated parameter. One example of such a tech-
nique involves ultrasound to measure two parameters of
an artery at the same time, namely the volume of the
artery (and its pulse variation) and the velocity of the
blood in that artery. When the artery is stiff, the blood
pressure increase does not significantly increase the ar-
tery volume, but does increases the velocity of the blood
flowing in the artery. On the other hand, when the artery
is not stiff, the volume of the artery changes more, and
the velocity less. The technique assumes that the local
speed of the blood flow in the artery is correlated to the
stiffness of the artery. Thus, the stiffness of the artery
can be taken into account by using the local speed of the
blood flow in the artery in the determination of a local
blood pressure measurement.
[0008] However, although this technique works for
measuring blood pressure locally with only a very small
pressure of cuff (or no cuff at all), the ultrasound equip-
ment used to measure the signals above an artery is very
cumbersome, large, and not portable. As such, the equip-
ment cannot be integrated into a wearable device.

SUMMARY OF THE INVENTION

[0009] As noted above, a limitation associated with ex-
isting techniques is that it is not currently possible to ac-
curately and continuously measure blood pressure of a
subject without applying large (uncomfortable) pressures
with a cuff or without the use of cumbersome, large, and
not portable equipment. It would thus be valuable to ad-
dress this limitation and provide an improved device for
use in measuring blood pressure.
[0010] Therefore, according to a first aspect, there is
provided a device for use in measuring blood pressure.
The device comprises a light source configured to emit
light onto a portion of the skin of a subject and a light
detector configured to detect light scattered back from
said portion of the skin of the subject and generate an
electrical signal from the detected light. The light source
is configured to alternate between emitting coherent light
and incoherent light and the generated electrical signal
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is for use in measuring a blood pressure of the subject.
[0011] In some embodiments, the light source may be
configured to alternate between emitting coherent light
and incoherent light when a current of the light source is
altered.
[0012] In some embodiments, the light source may be
configured to emit coherent light when the current of the
light source is increased above a threshold current and/or
emit incoherent light when the current of the light source
is decreased below the threshold current. In some em-
bodiments, the light source may be configured to emit
coherent light when the current of the light source is in-
creased to a current that is a predefined amount greater
than the threshold current and/or emit incoherent light
when the current of the light source is decreased to a
current that is the predefined amount less than the thresh-
old current.
[0013] In some embodiments, the light source may be
configured to alternate between emitting coherent light
and incoherent light with a predefined frequency.
[0014] In some embodiments, the electrical signal gen-
erated when the light source is configured to emit coher-
ent light may be for use in measuring a blood flow in the
skin of the subject.
[0015] In some embodiments, the light source may be
configured to operate as a light emitting diode to emit
incoherent light. In some embodiments, the light source
may be configured to operate as a laser to emit coherent
light.
[0016] In some embodiments, the device may further
comprise an actuator configured to maintain a pressure
with which the device is applied to the skin of the subject
at a predefined pressure.
[0017] According to a second aspect, there is provided
a system for use in measuring blood pressure. The sys-
tem comprises the device as described earlier. The sys-
tem may also comprise a processor. In some embodi-
ments, the processor may be configured to process the
electrical signal generated when the light source alter-
nates between emitting coherent light and incoherent
light to measure the blood pressure of the subject and/or
process the electrical signal generated when the light
source emits coherent light to measure the blood flow in
the skin of the subject.
[0018] In some embodiments, processor may be con-
figured to measure the blood pressure of the subject by
being configured to determine a pulse amplitude of the
electrical signal generated when the light source emits
incoherent light, determine a pulse wave velocity of the
electrical signal generated when the light source emits
coherent light, and measure the blood pressure of the
subject based on the determined pulse amplitude and
the determined pulse wave velocity.
[0019] In some embodiments, the processor may be
configured to measure the blood flow in the skin of the
subject by being configured to invert the electrical signal
generated when the light source emits coherent light, de-
termine a maximum frequency of the inverted electrical

signal, and measure the blood flow in the skin of the sub-
ject as an average velocity of blood flow in the skin of the
subject. In some embodiments, the average velocity of
blood flow in the skin of the subject may be half of a
product of the determined maximum frequency of the in-
verted electrical signal and a wavelength at which the
coherent light is emitted.
[0020] According to a third aspect, there is provided a
method of operating a device as described earlier. The
method comprises emitting the light onto a portion of the
skin of the subject, alternating the light source between
emitting coherent light and incoherent light, detecting the
light scattered back from within the portion of the skin of
the subject, and generating the electrical signal from the
detected light.
[0021] In some embodiments, the method may further
comprise processing the electrical signal generated
when the light source alternates between emitting coher-
ent light and incoherent light to measure the blood pres-
sure of the subject and/or processing the electrical signal
generated when the light source emits coherent light to
measure the blood flow in the skin of the subject.
[0022] According to a fourth aspect, there is provided
a computer program product comprising a computer
readable medium, the computer readable medium hav-
ing a computer readable code embodied therein, the
computer readable code being configured such that, on
execution by a suitable computer or processor, the com-
puter or processor is caused to perform the method de-
scribed above.
[0023] 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, it is possible to gen-
erate an electrical signal from which a more accurate and
reliable blood pressure measurement can be deter-
mined. It is possible to generate this electrical signal with-
out the need for the application of high pressures by a
wearable cuff and without the need for cumbersome
equipment. Instead, the device is less complex and can
be made portable and is more comfortable in use. The
device is also suitable for continuous monitoring appli-
cations. In this way, there is provided an improved device
for use in measuring blood pressure. The limitation as-
sociated with existing techniques is therefore addressed
by way of the above-described aspects and embodi-
ments.
[0024] These and other aspects will be apparent from
and elucidated with reference to the embodiment(s) de-
scribed hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] Exemplary embodiments will now be described,
by way of example only, with reference to the following
drawings, in which:

Fig. 1 is a simplified schematic illustration of a device
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for use in measuring blood pressure according to an
embodiment;
Fig. 2 illustrates a current of a light source of the
device according to an embodiment;
Fig. 3 is a simplified schematic illustration of a device
for use in measuring blood pressure according to
another embodiment;
Fig. 4 illustrates a current of a light source of the
device according to an embodiment;
Fig. 5 is a simplified schematic illustration of a device
for use in measuring blood pressure according to
another embodiment and a current of a light source
of the device according to an embodiment;
Fig. 6 is a simplified schematic illustration of a device
for use in measuring blood pressure according to
another embodiment and a current of a light source
of the device according to an embodiment; and
Fig. 7 is a flow chart illustrating a method of operating
a device for use in measuring blood pressure ac-
cording to an embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0026] There is described herein a device for use in
measuring blood pressure. The device can be for use in
measuring blood pressure via photoplethysmography
(PPG). The device can be configured to be worn by a
subject. Thus, the device can be a wearable device. In
some embodiments, the device may comprise a strap (or
band) for placement around a part of the body of the
subject, such that the device can be worn at a location
suitable for measuring blood pressure.
[0027] The device may be configured to be worn by a
subject at any location on the body of the subject suitable
for measuring blood pressure. In some embodiments,
the location may be a location comprising bone close to
the skin surface (e.g. to ensure a well-defined contact
pressure). For example, in some embodiments, the de-
vice can be configured to be worn on a finger of a subject,
a forehead of a subject, a wrist of a subject, a chest (e.g.
the center of the chest) of a subject, or any other location
on the body of the subject suitable for measuring blood
pressure.
[0028] The subject can be any type of subject (e.g. a
patient or any other subject). The device can be config-
ured for any purpose. For example, the device can be a
medical device according to some embodiments or a
non-medical device according to other embodiments.
The device can be for use by a trained user, such as a
medical professional (e.g. a doctor, a nurse, or any other
medical professional) or an untrained user (e.g. the sub-
ject themselves, a care giver, a family member, or any
other untrained user). The device can be for use in a
medical environment (e.g. a hospital, a surgery, or any
other medical environment) and/or non-medical environ-
ment (e.g. at home, or any other non-medical environ-
ment).
[0029] Fig. 1 illustrates a device 100 for use in meas-

uring blood pressure according to an embodiment. As
illustrated in Fig. 1, the device 100 comprises a light
source 102. The light source 102 is configured to emit
light 104 onto the skin 106 of a subject 108. The light
source 102 is configured to alternate between emitting
coherent light and incoherent light. In some embodi-
ments, the light source 102 is configured to alternate be-
tween emitting coherent light and incoherent light when
a current of the light source 102 is altered. The device
100 also comprises a light detector 110, e.g. a photode-
tector. The light detector 110 is configured to detect light
104 scattered back from (which may also include passing
through a portion of) the skin 106 of the subject 108 and
generate an electrical signal from the detected light 104.
The generated electrical signal is for use in measuring a
blood pressure of the subject 108.
[0030] As illustrated in Fig. 1, in use, the device 100 is
applied to the skin 106 of the subject 108. For example,
in use, the device 100 can be in contact with the skin 106
of the subject 108. In some embodiments, the light source
102 and/or the light detector 110 can be positioned such
that, in use, the light source 102 and/or the light detector
110 are applied to (e.g. in contact with) the skin 106 of
the subject 108. As illustrated in Fig. 1, in some embod-
iments, the device 100 can comprise a supporting mem-
ber (or base) 112. In some of these embodiments, the
light source 102 and/or the light detector 110 can be po-
sitioned on the supporting member 112. In use, the sup-
porting member 112 may be applied to (e.g. in contact
with) the skin 106 of the subject 108.
[0031] Although not illustrated in Fig. 1, in some em-
bodiments, the device 100 may comprise a cover through
which the light source 102 is configured to emit light 104
onto the skin 106 of a subject 108 and through which the
light detector 110 is configured to detect light 104 scat-
tered back from the skin 106 of the subject 108. In these
embodiments, the cover may be applied to (e.g. in contact
with) the skin 106 of the subject 108. The cover can, for
example, be transparent or at least partially transparent.
[0032] In the embodiment illustrated in Fig. 1, the skin
106 of the subject 108 is the skin 106 of a finger of the
subject 108. However, it will be understood that the skin
106 may be of any other body part of the subject 108
suitable for use in measuring blood pressure. The light
104 emitted from the light source 102 onto the skin 106
of the subject 108 is illustrated in Fig. 1 with reference to
an artery 114. As illustrated in Fig. 1, the light 104 can
pass through a portion of the skin, which includes the
artery 114. Thus, the light detector 110 can detect light
104 scattered back from the artery located within said
portion of the skin 106 of the subject 108. However, it will
be understood that the device 100 may alternatively only
be scattered back from a superficial layer of the skin 106.
The incoherent light can travel via the same path from
the light source 102 to the light detector 110 as the co-
herent light and vice versa. In this way, any motion arte-
facts in the electrical signal generated from the detected
light 104 will be consistent.
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[0033] Fig. 2 illustrates the current of the light source
102 of the device 100 according to the embodiment illus-
trated in Fig. 1. In particular, as illustrated in Fig. 2, the
light source 102 of the device 100 illustrated in Fig. 1 can
be configured to alternate between emitting coherent
light ("C") and incoherent light ("I") when a current
("Curr.") of the light source 102 is altered. The current of
the light source 102 is altered over time ("T").
[0034] As illustrated in Fig. 2, in some embodiments,
a feedback loop may be used from the light detector 110
to the current of the light source 102. Thus, in some em-
bodiments, the current of the light source 102 may be
controlled based on feedback received from the light de-
tector 110. In some embodiments, for example, the feed-
back received from the light detector 110 may be used
to adjust one or more properties of the current control,
such as current control intensities, duty cycle, etc. In this
way, it can be ensured that the optimal properties are
used for current control, e.g. to take into account that
properties of the skin can be different. Thus, the device
100 can be appropriately calibrated.
[0035] Fig. 3 is a simplified schematic illustration of the
device 100 for use in measuring blood pressure accord-
ing to another embodiment. In the embodiment illustrated
in Fig. 3, the device 100 is as described earlier with re-
spect to Fig. 1. In addition, in the embodiment illustrated
in Fig. 3, the device 100 further comprises an actuator
116. The actuator 116 can be configured to apply pres-
sure to the skin 106 of the subject 108. For example, the
actuator 116 can be configured to cause the device 100
(e.g. any one or more of the light source 102, the light
detector 110, a supporting member 112, and a cover of
the device) to apply pressure to the skin 106 of the subject
108 in use. The actuator 116 may be positioned such
that, in use, the pressure is applied to the skin 106 of the
subject 108 at a local point for the measurement of blood
pressure. Fig. 3 illustrates the force F with which the de-
vice 100 can apply pressure to the skin 106 of the subject
108. In some embodiments, the actuator 116 can com-
prise a mechanical actuator.
[0036] In some embodiments, as illustrated in Fig. 3,
the actuator 116 may comprise a moveable member
116a. The moveable member 116a can be configured to
move toward the skin 106 of the subject 108 (e.g. in the
direction of the force F) in use to apply pressure on the
skin 106. For example, in embodiments where the device
100 comprises the supporting member 112, the move-
able member 116a can be configured to move toward
the supporting member 112 in use to cause the support-
ing member 112 to apply pressure on the skin 106 (e.g.
directly and/or via any one or more of the light source
102, the light detector 110, and a cover of the device).
[0037] In some embodiments, as illustrated in Fig. 3,
the actuator 116 may comprise a tension member (e.g.
a spring) 116b. For example, in embodiments where the
device 100 comprises the supporting member 112 and
the moveable member 116a, the tension member 116b
may be positioned between the supporting member 112

and the moveable member 116a. The tension member
116b can be configured to push the supporting member
112 (and thus, for example, any one or more of the light
source 102, the light detector 110 and a cover) of the
device 100 into the skin. As illustrated in Fig. 3, in some
embodiments where the device 100 comprises a strap
(or band) 118 for placement around a part of the body of
the subject 108, the moveable member 116a may be
connected to the strap 118.
[0038] As mentioned earlier, the actuator 116 can be
configured to apply pressure to the skin 106 of the subject
108. More specifically, the actuator 116 can be config-
ured to maintain a pressure with which the device 100
(e.g. any one or more of the light source 102, the light
detector 110, the supporting member 112, and the cover
of the device) is applied to the skin 106 of the subject
108 at a predefined pressure. For example, the actuator
116 can ensure that a constant pressure is applied by
the device 100 (e.g. any one or more of the light source
102, the light detector 110, a supporting member 112,
and a cover of the device) to the skin 106 of the subject
108 when the device 100 is in use. In some embodiments,
the device 100 may be calibrated before use and the
predefined pressure may be the pressure used for cali-
bration. The predefined pressure is ’predefined’ in that it
is a set (or known) value. In some embodiments, the pre-
defined pressure may be a pressure of less than 30 mm-
Hg. Thus, blood pressure can be measured using the
device 100 even at low (comfortable) pressures. In some
embodiments, the predefined pressure may be changed
to enable more reliable measurements of blood pressure.
[0039] The use of the actuator 116 to ensure the pres-
sure applied to the skin 106 of the subject 108 is main-
tained at the predefined pressure provides a more relia-
ble device 100, since any variations in pressure can be
compensated in this way. These variations in pressure
may otherwise create a corresponding variation in the
electrical signal generated from the detected light 104.
For example, the variation may be in a direct current (DC)
component of the generated electrical signal. If the pres-
sure applied to the skin 106 of the subject 108 increases,
the DC component of the generated electrical signal may
also increase since some blood is pushed away by the
increased pressure applied to the skin 106. Similarly, for
example, the variation may be in an average velocity of
blood flow in the skin 106 measured from the generated
electrical signal. Any variation in the electrical signal gen-
erated from the detected light 104 may thus cause a var-
iation in blood pressure and/or blood flow measured from
the generated electrical signal. However, by use of the
actuator 116 to ensure the pressure applied to the skin
106 of the subject 108 is maintained at the predefined
pressure, these variations can be avoided. The device
100 can thus be for use in measurement of a continuous
blood pressure form. In effect, the actuator 116 functions
like a calibration point.
[0040] Fig. 4 illustrates the current of the light source
102 of the device 100 according to the embodiment illus-
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trated in Fig. 3. In particular, as illustrated in Fig. 4, the
light source 102 of the device 100 illustrated in Fig. 3 can
be configured to alternate between emitting coherent
light ("C") and incoherent light ("I") when a current
("Curr.") of the light source 102 is altered. The current of
the light source 102 is altered over time ("T").
[0041] As illustrated in Fig. 4, in some embodiments,
a feedback loop may be used from the light detector 110
to the current of the light source 102. Thus, in some em-
bodiments, the current of the light source 102 may be
controlled based on feedback received from the light de-
tector 110. In some embodiments, for example, the feed-
back received from the light detector 110 may be used
to adjust one or more properties of the current control,
such as current control intensities, duty cycle, etc. In this
way, it can be ensured that the optimal properties are
used for current control, e.g. to take into account that
properties of the skin can be different. Thus, the device
100 can be appropriately calibrated.
[0042] Alternatively or in addition, in some embodi-
ments, a feedback loop may be used from the light de-
tector 110 to the force F with which the actuator 116 ap-
plies pressure to the skin 106 of the subject 108. Thus,
in some embodiments, the force F with which the actuator
116 applies pressure to the skin 106 of the subject 108
may be controlled based on feedback received from the
light detector 110. In some embodiments, for example,
the feedback received from the light detector 110 may
be used to adjust the force F with which the actuator 116
applies pressure to the skin 106 of the subject 108. For
example, the predefined pressure at which the pressure
applied to the skin 106 of the subject 108 is maintained
may be adjusted based on the feedback received from
the light detector 110. In this way, the device 100 can be
appropriately calibrated.
[0043] As mentioned earlier and as illustrated in Figs.
2 and 4, in the embodiments described with reference to
Figs. 1-4, the light source 102 of the device 100 is con-
figured to alternate between emitting coherent light and
incoherent light and can be configured to alternate in this
way when a current of the light source 102 is altered. In
some embodiments, the light source 102 can be config-
ured to emit coherent light when the current of the light
source 102 is increased above a threshold current. The
threshold current can depend on the type of the light
source 102. In some embodiments, the threshold current
can be few milliampere (mA). Alternatively or in addition,
in some embodiments, the light source 102 can be con-
figured to emit incoherent light when the current of the
light source 102 is decreased below the threshold cur-
rent.
[0044] In some of these embodiments, the light source
102 may be configured to emit coherent light when the
current of the light source is increased to a current that
is a predefined amount greater than the threshold cur-
rent. Alternatively or in addition, in some embodiments,
the light source 102 may be configured to emit incoherent
light when the current of the light source 102 is decreased

to a current that is the predefined amount less than the
threshold current. In some embodiments, the predefined
amount can be a predefined percentage. For example,
the predefined percentage may be 10%, 20%, 30%, 40%
or 50% (e.g. 30%). In some embodiments, predefined
percentage may be selected based on one or more op-
erational requirements, e.g. a low power consumption
and/or high quality.
[0045] In some embodiments, a predetermined set of
values may instead be used for the current control. For
example, the predetermined set of values may comprise
a first predetermined value for the current of the light
source 102 to be configured to emit incoherent light and
a second predetermined value for the current of the light
source 102 to be configured to emit coherent light. In
some embodiments, the first predetermined value may
be 30 mA and the second threshold value may be 60 mA.
[0046] In the embodiments illustrated in Figs. 1-4, the
light source 102 of the device 100 comprises a single
light source that is configured to alternate between emit-
ting coherent light and incoherent light. This ensures that
the coherent light and the incoherent light travels through
the same part of skin 106, which can provide more ac-
curate blood pressure measurements. Nevertheless, it
will be understood that, in other embodiments, the light
source 102 of the device 100 may comprise a plurality
of (e.g. separate) light sources that are configured to al-
ternate between emitting coherent light and incoherent
light. In these embodiments, the coherent light and the
incoherent light may travel through different parts of skin
106.
[0047] Fig. 5 is a simplified schematic illustration of the
device 100 for use in measuring blood pressure accord-
ing to another embodiment. In the embodiment illustrated
in Fig. 5, the device 100 is as described earlier with re-
spect to Fig. 1. Fig. 6 is a simplified schematic illustration
of the device 100 for use in measuring blood pressure
according to yet another embodiment. In the embodiment
illustrated in Fig. 6, the device 100 is as described earlier
with respect to Fig. 3. However, whereas the light source
102 of device 100 described earlier with respect to Figs.
1 and 3 are illustrated as comprising a single light source,
the light source 102 of the device 100 of each of the
embodiments illustrated in Figs. 5 and 6 comprises a
plurality of (e.g. separate) light sources 102a, 102b that
are configured to alternate between emitting coherent
light 104a and incoherent light 104b. In the embodiments
illustrated in Figs. 5 and 6, at least one of the plurality of
light sources 102a is configured to emit coherent light
104a and at least one other of the plurality of light sources
102b is configured to emit incoherent light 104b.
[0048] As illustrated in Figs. 5 and 6, in some embod-
iments, the at least one of the plurality of light sources
102a configured to emit coherent light 104a and the at
least one other of the plurality of light sources 102b con-
figured to emit incoherent light 104b may be positioned
on the same side of the light detector 110 according to
some embodiments or on opposite sides of the light de-
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tector 110 according to other embodiments. In other
words, the light detector 110 can be positioned to one
side of the plurality of light sources 102a, 102b according
to some embodiments or between the at least one of the
plurality of light sources 102a configured to emit coherent
light 104a and the at least one other of the plurality of
light sources 102b configured to emit incoherent light
104b according to other embodiments.
[0049] In the embodiments where the light detector 110
is positioned to one side of the plurality of light sources
102a, 102b in Figs. 5 and 6, the at least one of the plurality
of light sources 102b configured to emit incoherent light
104b is illustrated as being closer to the light detector
110 than the at least one of the plurality of light sources
102a configured to emit coherent light 104a. However, it
will be understood that the at least one of the plurality of
light sources 102a configured to emit coherent light 104a
may be positioned closer to the light detector 110 than
the at least one of the plurality of light sources 102b con-
figured to emit incoherent light 104b according to other
embodiments.
[0050] In embodiments where at least two of the plu-
rality of light sources 102a are configured to emit coher-
ent light 104a, the light sources 102a configured to emit
coherent 104a light can be synchronized in time. Simi-
larly, in embodiments where at least two of the plurality
of light sources 102a are configured to emit incoherent
light 104b, the light sources 102a configured to emit in-
coherent light 104b can be synchronized in time.
[0051] Figs. 5 and 6 also illustrate the current of the
plurality of light sources 102a, 102b according to some
embodiments. In particular, as illustrated in Figs. 5 and
6, the current of the plurality of light sources 102a, 102b
may be the same according to some embodiments. Thus,
instead of altering the current of a single light source 102,
in some embodiments, the plurality of light sources 102a,
102b may be configured to alternate between emitting
coherent light 104a and incoherent light 104b by the at
least one of the plurality of light sources 102a configured
to emit coherent light ("C") 104a and the at least one
other of the plurality of light sources 102b configured to
emit incoherent light ("I") 104b being configured to emit
light alternately. As illustrated in Figs. 5 and 6, the current
("Curr.") of the plurality of light sources 102a, 102b re-
mains constant over time ("T").
[0052] Although not illustrated, in some of the embod-
iments illustrated in Fig. 5, the feedback loop described
earlier with reference to Fig. 2 may be used from the light
detector 110 to the current of the light source 102. Al-
though also not illustrated, in some of the embodiments
illustrated in Fig. 6, the feedback loop described earlier
with reference to Fig. 4 may be used from the light de-
tector 110 to the current of the light source 102.
[0053] As described earlier, in the embodiments de-
scribed herein, the electrical signal generated when the
light source 102 is configured to alternate between emit-
ting coherent light and incoherent light is for use in meas-
uring a blood pressure of the subject 108. In addition, in

any of the embodiments described herein, the electrical
signal generated when the light source 102 is configured
to emit coherent light can be for use in measuring a blood
flow in the skin 106 of the subject 108. In more detail, the
light 104 scattered back from the skin 106 of the subject
108 can be scattered by both skin cells and blood cells.
The blood cells are moving and thus the light scattered
by the blood cells is Doppler shifted, whereas the light
scattered by the skin is not Doppler shifted. When the
scattered light 104 combines on the light detector 110,
the Doppler shifted light interferes with the non-Doppler
shifted light and thus the electrical signal generated by
the detected light 104 comprises Doppler frequency com-
ponents. In this way, the device 100 is capable of meas-
uring the movement of the blood cells and is thus for use
in measuring blood flow.
[0054] Thus, in some embodiments, the device 100
can be for use in measuring both blood pressure and
blood flow. In this way, the blood pressure and blood flow
can be measured at one (single) location using the same
device 100. That is, the device 100 can enable local
measurement of blood pressure and blood flow. This is
possible, for example, since the coherent light and inco-
herent light probe (more or less) the same region of skin
106. As the light source 102 of the device 100 is config-
ured to emit coherent light, the device 100 may be re-
ferred to as a laser Doppler flowmeter. However, the de-
vice 100 is improved by virtue of the light source 102 also
being configured to emit incoherent light in the manner
described herein. The device 100 may also be for use in
measuring any other physiological parameters, such as
one or more cardiovascular parameters (e.g. heart rate,
arrhythmia, etc.).
[0055] In any of the embodiments described herein, a
light source 102 may be configured to operate as a pho-
todiode, e.g. a light emitting diode (LED), to emit inco-
herent light. In some embodiments, a light source 102
may be configured to operate as a laser (or a laser diode)
to emit coherent light. In any of the embodiments de-
scribed herein, the light source 102 may be configured
to alternate between emitting coherent light and incoher-
ent light with a predefined frequency. In some embodi-
ments, the predefined frequency may be a frequency
higher than that given by the pulse (e.g. in the Hz range)
but lower than that necessary for laser Doppler meas-
urements (e.g. in the kHz range).
[0056] For example, in some embodiments, the pre-
defined frequency may be a frequency in a range from
10 Hz to 10 kHz, for example a frequency in a range from
100 Hz to 9 kHz, for example a frequency in a range from
200 Hz to 8 kHz, for example a frequency in a range from
300 Hz to 7 kHz, for example a frequency in a range from
400 Hz to 6 kHz, for example a frequency in a range from
500 Hz to 5 kHz, for example a frequency in a range from
600 Hz to 4 kHz, for example a frequency in a range from
700 Hz to 3 kHz, for example a frequency in a range from
800 Hz to 2 kHz, for example a frequency in a range from
900 Hz to 1 kHz. For example, in some embodiments,

11 12 



EP 3 662 821 A1

8

5

10

15

20

25

30

35

40

45

50

55

the predefined frequency may be a frequency of 10 Hz,
25 Hz, 525 Hz, 1025 Hz, 1525 Hz, 2025 Hz, 2525 Hz,
3025 Hz, 3525 Hz, 4025 Hz, 4525 Hz, 5025 Hz, 5525
Hz, 6025 Hz, 6525 Hz, 7025 Hz, 7525 Hz, 8025 Hz, 525
Hz, 9025 Hz, 9525 Hz, 10 kHz, or any integer or non-
integer value between the mentioned values (e.g. 25 Hz).
[0057] Although not illustrated in Figs. 1-6, the device
100 may comprise a battery or other power supply for
powering the device 100 or means for connecting the
device 100 to a mains power supply. It will also be un-
derstood that the device 100 may comprise any other
component to those described herein or any combination
of components.
[0058] Although also not illustrated, there is further pro-
vided a system for use in measuring blood pressure. The
system comprises the device as described earlier ac-
cording to any of the embodiments. The system also com-
prises a processor. In some embodiments, the device
100 itself may comprise a processor. Alternatively or in
addition, in some embodiments, a processor may be ex-
ternal to (e.g. separate to or remote from) the device 100.
In these embodiments, the processor can be communi-
catively coupled to the device 100.
[0059] Although reference is made to "a" processor, it
will be understood that the processor may comprise one
or more processors. The one or more processors can be
implemented in numerous ways, with software and/or
hardware, to perform the various functions described
herein. In some embodiments, each of the one or more
processors can be configured to perform individual or
multiple steps of the method described herein. In partic-
ular implementations, the one or more processors can
comprise a plurality of software and/or hardware mod-
ules, each configured to perform, or that are for perform-
ing, individual or multiple steps of the method described
herein. The one or more processors may comprise one
or more microprocessors, one or more multi-core proc-
essors and/or one or more digital signal processors
(DSPs), one or more processing units, and/or one or
more controllers (such as one or more microcontrollers)
that may be configured or programmed (e.g. using soft-
ware or computer program code) to perform the various
functions described herein. The one or more processors
may be implemented as a combination of dedicated hard-
ware (e.g. amplifiers, pre-amplifiers, analog-to-digital
convertors (ADCs) and/or digital-to-analog convertors
(DACs)) to perform some functions and one or more proc-
essors (e.g. one or more programmed microprocessors,
DSPs and associated circuitry) to perform other func-
tions.
[0060] In some embodiments, the processor can be
configured to control the light source 102 of the device
100 to alternate between emitting coherent light and in-
coherent light. For example, the processor may be con-
figured to control the current of the light source 102 in
the manner described earlier. Alternatively or in addition,
in some embodiments, the processor can be configured
to process the electrical signal generated when the light

source 102 alternates between emitting coherent light
and incoherent light to measure the blood pressure of
the subject 108. The processor can be configured to
measure the blood pressure of the subject 108 in any
suitable way.
[0061] For example, in some embodiments, the proc-
essor can be configured to determine a pulse amplitude
of the electrical signal generated when the light source
102 emits incoherent light and determine a pulse wave
velocity (PWV) of the electrical signal generated when
the light source 102 emits coherent light. In these em-
bodiments, the processor can be configured to measure
the blood pressure of the subject 108 based on the de-
termined pulse amplitude and the determined pulse wave
velocity. For example, in some embodiments, the proc-
essor can be configured measure the blood pressure of
the subject 108 based on the determined pulse amplitude
and the determined pulse wave velocity using an equa-
tion (e.g. an analytical formula) or a table (e.g. a look-up
table).
[0062] An example of an equation that may be used to
measure the blood pressure of the subject 108 is, as
follows: 

where P(t) denotes the blood pressure as a function of
time, P0 denotes a starting pressure applied to the skin
106 of the subject 108 (e.g. measured with a pressure
sensor), t denotes time, a and b denote calibration pa-
rameters, ρ denotes blood density (e.g. 1060 kg/m3),
PWV denotes the determined pulse wave velocity, A(t)
denotes the determined pulse amplitude as a function of
time, and A0 denotes an initial pulse amplitude. In some
embodiments, a calibration may be performed to deter-
mine the parameters a and b. In an actuator embodiment,
the actuator 116 can ensure that the pressure with which
the device 100 is applied to the skin 106 of the subject
108 is maintained at the predefined pressure (e.g. a cal-
ibration pressure). The pressure can be maintained dur-
ing the measurement of the blood pressure.
[0063] In some embodiments, the determined pulse
amplitude of the electrical signal generated when the light
source 102 emits incoherent light may be normalized.
For example, a direct current (DC) component of the elec-
trical signal generated when the light source 102 emits
incoherent light may be determined. That is, the mean
value of the electrical signal generated when the light
source 102 emits incoherent light may be determined.
The determined pulse amplitude may then be normalized
by the value of this determined DC component. The de-
termined pulse amplitude is related to blood volume. In
particular, a variation in pulse amplitude corresponds to
a variation in blood volume. The determined pulse wave
velocity (PWV) of the electrical signal generated when
the light source 102 emits coherent light is related to a
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(e.g. local) velocity of blood. In particular, a variation in
pulse wave velocity corresponds to a variation in blood
velocity. The blood velocity is the velocity of blood cells.
More specifically, for example, the blood velocity can be
the velocity of blood cells in the arterioles (rather than
arteries).
[0064] In this way, the blood pressure of the subject
108 can be measured at any (or all) moments in time
from the equation using the determined pulse amplitude
and pulse wave velocity. The equation provides a con-
tinuous measurement of blood pressure. That is, the
equation provides an instantaneous blood pressure as a
function of time.
[0065] Alternatively or in addition to being configured
to measure the blood pressure of the subject 108, in some
embodiments, the processor can be configured to proc-
ess the electrical signal generated when the light source
102 emits coherent light to measure the blood flow in the
skin 106 of the subject 108. The electrical signal gener-
ated when the light source 102 emits coherent light pro-
vides an indication of the of the blood volume changes.
More specifically, for example, the electrical signal gen-
erated when the light source 102 emits coherent light
provides an indication of the of the blood volume changes
of the arterioles in the skin (rather than arteries). The
processor can be configured to measure the blood flow
in the skin 106 of the subject 108 in any suitable way.
[0066] For example, in some embodiments, the proc-
essor can be configured to invert (or reverse) the elec-
trical signal generated when the light source 102 emits
coherent light and determine a maximum frequency of
the inverted electrical signal. The inversion of this elec-
trical signal provides an improved correlation. When
there is more electrical signal, it means that there is less
blood that absorbs the coherent light and thus less blood
volume. The maximum frequency of the inverted electri-
cal signal is related to the velocity of the blood. The max-
imum frequency of the inverted electrical signal may be
determined in any suitable way. For example, in some
embodiments, the processor can be configured deter-
mine the maximum frequency of the inverted electrical
signal using an equation.
[0067] An example of an equation that may be used to
determine the maximum frequency of the inverted elec-
trical signal is, as follows:

where fmax (t) denotes the maximum frequency of the
inverted electrical signal as a function of time, f denotes
frequency, t denotes time, S(f,t) denotes the electrical
signal. Thus, the inverted electrical signal is integrated
with respect to frequency to determine the maximum fre-
quency of the inverted electrical signal.
[0068] In some embodiments, the processor can be
configured to measure the blood flow in the skin 106 of

the subject 108 as an average velocity of blood flow in
the skin 106 of the subject 108. In some of these embod-
iments, the average velocity of blood flow (e.g. of moving
blood cells) in the skin 106 of the subject 108 may be
half of a product of the determined maximum frequency
of the inverted electrical signal and a wavelength at which
the coherent light is emitted. For example, in some em-
bodiments, the processor can be configured determine
average velocity of blood flow in the skin 106 of the sub-
ject 108 using an equation, such as the following Doppler
equation: 

where v(t) denotes the average velocity of blood flow in
the skin 106 of the subject 108 as a function of time, λ
denotes the wavelength at which the coherent light is
emitted, and fmax(t) denotes the determined maximum
frequency of the inverted electrical signal as a function
of time.
[0069] As mentioned earlier, the electrical signal gen-
erated by the detected light 104 comprises Doppler fre-
quency components. As the Doppler frequency compo-
nents are generally in the order of kHz, in some embod-
iments, the processor can be configured to process only
an alternating current (AC) component of the generated
electrical signal when the light source 102 emits coherent
light to measure the blood flow in the skin 106 of the
subject 108. That is, in some embodiments, the DC com-
ponent of the generated electrical signal is not used by
the processor in measuring the blood flow in the skin 106
of the subject 108, even though traces of the Doppler
frequency components may be present in it, at very low
frequencies (e.g. 1 Hz). For example, the traces may be
noisy and thus the quality of the signal may be low using
the DC component of the generated electrical signal for
the blood flow measurement. Thus, by using the AC com-
ponent of the generated electrical signal for the blood
flow measurement, the blood flow can be more accurate-
ly measured.
[0070] In some embodiments, the system may com-
prise a communications interface (or communications
circuitry). In some embodiments, the device 100 de-
scribed earlier may comprise a communications inter-
face. Alternatively or in addition, the communications in-
terface may be external to (e.g. separate to or remote
from) the device 100. The communications interface can
be for enabling the device 100, or components of the
device 100, to communicate with and/or connect to one
or more other components (e.g. one or more sensors,
interfaces, devices, processors, or memories), such as
any of those described herein. For example, the commu-
nications interface can be for enabling the device 100 (or
one or more components of the device 100, such as the
light source 102 and/or the light detector 110) to commu-
nicate with and/or connect to a processor (such as that
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mentioned earlier).
[0071] The communications interface may enable the
device 100, or components of the device 100, to com-
municate and/or connect in any suitable way. For exam-
ple, the communications interface may enable the device
100, or components of the device 100, to communicate
and/or connect wirelessly, via a wired connection, or via
any other communication (or data transfer) mechanism.
In some wireless embodiments, for example, the com-
munications interface may enable the device 100, or
components of the device 100, to use radio frequency
(RF), Bluetooth, or any other wireless communication
technology to communicate and/or connect.
[0072] In some embodiments, the system may com-
prise at least one memory. In some embodiments, the
device 100 described earlier may comprise at least one
memory. Alternatively or in addition, at least one memory
may be external to (e.g. separate to or remote from) the
device 100. For example, a hospital database may com-
prise the memory, the memory may be a cloud computing
resource, or similar. The device 100 (or a processor of
the system) may be configured to communicate with
and/or connect to at least one memory. A memory may
comprise any type of non-transitory machine-readable
medium, such as cache or system memory including vol-
atile and non-volatile computer memory such as random
access memory (RAM), static RAM (SRAM), dynamic
RAM (DRAM), read-only memory (ROM), programmable
ROM (PROM), erasable PROM (EPROM), and electri-
cally erasable PROM (EEPROM). In some embodi-
ments, at least one memory can be configured to store
program code that can be executed by a processor (such
as a processor of the device 100) to cause the device
100 to operate in the manner described herein.
[0073] 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 the electrical signal generated from the de-
tected light 104, a measured blood pressure of the sub-
ject 108, a measured blood flow in the skin 106 of the
subject 108, or any other information, or any combination
of information, required by or resulting from the method
described herein. In some embodiments, the device 100
(or a processor of the system) can be configured to con-
trol at least one memory to store information required by
or resulting from the method described herein.
[0074] The system may comprise a user interface. In
some embodiments, the device 100 described earlier
may comprise the user interface. Alternatively or in ad-
dition, the user interface may be external to (e.g. separate
to or remote from) the device 100. The device 100 (or a
processor of the system) may be configured to commu-
nicate with and/or connect to a user interface. In some
embodiments, the device 100 (or a processor of the sys-
tem) can be configured to control the user interface to
operate in the manner described herein.

[0075] The user interface can be configured to render
(or output, display, or provide) information required by or
resulting from the method described herein. For example,
in some embodiments, the user interface may be config-
ured to render (or output, display, or provide) one or more
of the electrical signal generated from the detected light
104, a measured blood pressure of the subject 108, a
measured blood flow in the skin 106 of the subject 108,
or any other information, or any combination of informa-
tion, required by or resulting from the method described
herein. Alternatively or in addition, the user interface can
be configured to receive a user input. For example, the
user interface may allow a user to manually enter infor-
mation or instructions, interact with and/or control the de-
vice 100. Thus, the user interface may be any user inter-
face that enables the rendering (or outputting, displaying,
or providing) of information and, alternatively or in addi-
tion, enables a user to provide a user input.
[0076] 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
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
haptic feedback (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.
[0077] Fig. 7 is a flow chart illustrating a method 700
of operating a device 100 according to an embodiment.
The device 100 is as described earlier with reference to
the embodiments illustrated in any of Figs. 1-6. With ref-
erence to Fig. 7, at block 702 of Fig. 7, the light 104 is
emitted onto the skin 106 of the subject 108 in the manner
described earlier. At block 704 of Fig. 7, the light source
102 is alternated between emitting coherent light and in-
coherent light in the manner described earlier. At block
706 of Fig. 7, the light 104 scattered back from the skin
of the subject 108 is detected in the manner described
earlier. At block 708 of Fig. 7, the electrical signal for use
in measuring a blood pressure of the subject 108 is gen-
erated from the detected light in the manner described
earlier.
[0078] Although not illustrated in Fig. 7, in some em-
bodiments, the method 700 may further comprise
processing the electrical signal generated when the light
source 102 alternates between emitting coherent light
and incoherent light to measure the blood pressure of
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the subject 108 in the manner described earlier. Alterna-
tively or in addition, in some embodiments, the method
700 may further comprise processing the electrical signal
generated when the light source 102 emits coherent light
to measure the blood flow in the skin 106 of the subject
108 in the manner described earlier.
[0079] There is also described a computer program
product comprising a computer readable medium. The
computer readable medium has a computer readable
code embodied therein. The computer readable code is
configured such that, on execution by a suitable compu-
ter or processor, the computer or processor is caused to
perform the method 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).
[0080] Furthermore, the computer readable medium
may be a transmissible carrier, such as an electric or
optical signal, which may be conveyed via electric or op-
tical cable or by radio or other means. When the computer
program product is embodied in such a signal, the com-
puter readable medium may be constituted by such a
cable or other device or means. Alternatively, the com-
puter readable medium may be an integrated circuit in
which the computer program product is embedded, the
integrated circuit being adapted to perform, or used in
the performance of, the method described herein.
[0081] There is thus provided herein a device, a sys-
tem, a method and a computer program product that ad-
dress the limitation associated with the existing tech-
niques. Therefore, there is provided an improved tech-
nique for use in measuring blood pressure and optionally
also blood flow.
[0082] 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. A device (100) for use in measuring blood pressure,
wherein the device (100) comprises:

a light source (102, 102a, 102b) configured to
emit light (104, 104a, 104b) onto a portion of the
skin (106) of a subject (108); and
a light detector (110) configured to detect light
(104, 104a, 104b) scattered back from within the
portion of the skin (106) of the subject (108) and
generate an electrical signal from the detected
light (104, 104a, 104b);
wherein the light source (102, 102a, 102b) is
configured to alternate between emitting coher-
ent light (104a) and incoherent light (104b) and
the generated electrical signal is for use in meas-
uring a blood pressure of the subject (108).

2. The device (100) as claimed in claim 1, wherein the
light source (102) is configured to alternate between
emitting coherent light and incoherent light when a
current of the light source (102) is altered.

3. The device (100) as claimed in any of the preceding
claims, wherein the light source (102) is configured
to:

emit coherent light when the current of the light
source (102) is increased above a threshold cur-
rent; and/or
emit incoherent light when the current of the light
source (102) is decreased below the threshold
current.

4. The device (100) as claimed in claim 3, wherein the
light source (102) is configured to:

emit coherent light when the current of the light
source (102) is increased to a current that is a
predefined amount greater than the threshold
current; and/or
emit incoherent light when the current of the light
source (102) is decreased to a current that is
the predefined amount less than the threshold
current.

5. The device (100) as claimed in any of the preceding
claims, wherein the light source (102, 102a, 102b)
is configured to alternate between emitting coherent
light (104a) and incoherent light (104b) with a pre-
defined frequency.

6. The device (100) as claimed in any of the preceding
claims, wherein:
the electrical signal generated when the light source
(102, 102a) is configured to emit coherent light
(104a) is for use in measuring a blood flow in the
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skin (106) of the subject (108).

7. The device (100) as claimed in any of the preceding
claims, wherein the light source (102, 102b) is con-
figured to operate as a light emitting diode to emit
incoherent light (104b).

8. The device (100) as claimed in any of the preceding
claims, wherein the light source (102, 102a) is con-
figured to operate as a laser to emit coherent light
(104a).

9. The device (100) as claimed in any of the preceding
claims, wherein the device (100) further comprises:
an actuator (116, 116a, 116b) configured to maintain
a pressure with which the device (100) is applied to
the skin (106) of the subject (108) at a predefined
pressure.

10. A system for use in measuring blood pressure, the
system comprising:

the device (100) as claimed in any of the pre-
ceding claims; and
a processor configured to:

process the electrical signal generated
when the light source (102, 102a, 102b) al-
ternates between emitting coherent light
(104a) and incoherent light (104b) to meas-
ure the blood pressure of the subject (108);
and/or
process the electrical signal generated
when the light source (102, 102a) emits co-
herent light (104a) to measure the blood
flow in the skin (106) of the subject (108).

11. The system as claimed in claim 10, wherein the proc-
essor is configured to measure the blood pressure
of the subject (108) by being configured to:

determine a pulse amplitude of the electrical sig-
nal generated when the light source (102, 102b)
emits incoherent light (104b);
determine a pulse wave velocity of the electrical
signal generated when the light source (102,
102a) emits coherent light (104a); and
measure the blood pressure of the subject (108)
based on the determined pulse amplitude and
the determined pulse wave velocity.

12. The system as claimed in claim 10 or 11, wherein
the processor is configured to measure the blood
flow in the skin (106) of the subject (108) by being
configured to:

invert the electrical signal generated when the
light source (102, 102a) emits coherent light

(104a);
determine a maximum frequency of the inverted
electrical signal; and
measure the blood flow in the skin (106) of the
subject (108) as an average velocity of blood
flow in the skin (106) of the subject (108), where-
in the average velocity of blood flow in the skin
(106) of the subject (108) is half of a product of
the determined maximum frequency of the in-
verted electrical signal and a wavelength at
which the coherent light (104a) is emitted.

13. A method (700) of operating a device (100) as
claimed in any of claims 1 to 9, wherein the method
(700) comprises:

emitting (702) the light (104, 104a, 104b) onto
a portion of the skin (106) of the subject (108);
alternating (704) the light source (102, 102a,
102b) between emitting coherent light (104a)
and incoherent light (104b);
detecting (706) the light (104, 104a, 104b) scat-
tered back from within said portion of the skin
(106) of the subject (108); and
generating (708) the electrical signal from the
detected light (104, 104a, 104b).

14. The method (700) as claimed in claim 13, further
comprising:

processing the electrical signal generated when
the light source (102, 102a, 102b) alternates be-
tween emitting coherent light (104a) and inco-
herent light (104b) to measure the blood pres-
sure of the subject (108); and/or
processing the electrical signal generated when
the light source (102, 102a) emits coherent light
(104a) to measure the blood flow in the skin
(106) of the subject (108).

15. A computer program product comprising a computer
readable medium, the computer readable medium
having a 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 13 or 14.
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