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(54) AN APPARATUS, METHOD AND COMPUTER PROGRAM FOR DETERMINING A BIOMETRIC 
PARAMETER

(57) Examples of the disclosure relate to an appara-
tus, method and computer program for determining bio-
metric parameters. The apparatus comprises means for:
obtaining a signal from a broadband detector in response
to light that has been propagated through a subject being
incident on the broadband detector. The signal that is
obtained comprises at least a first component and a sec-
ond component. The first component is provided in re-
sponse to a first spectral and spatial distribution of light
being incident on the broadband detector and the second
component is provided in response to at least one other
spectral and spatial distribution of light being incident on

the broadband detector. An emitter of the first spectral
and spatial distribution of light and an emitter of the at
least one other spectral and spatial distribution of light
are controlled so that the first spectral and spatial distri-
bution of light and the at least one other spectral and
spatial distribution light have a similar dependency to mo-
tion artefacts but a different dependency to a biometric
parameter. The apparatus also has means for processing
the first component and the second component of the
obtained signal to enable the biometric parameter of the
subject to be determined.
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Description

TECHNOLOGICAL FIELD

[0001] Examples of the present disclosure relate to an
apparatus, method and computer program for determin-
ing a biometric parameter. Some relate to an apparatus,
method and computer program for determining a biomet-
ric parameter using photoplethsmography.

BACKGROUND

[0002] Apparatus for measuring biometric parameters
using methods such as photoplethsmography are
known. In such apparatus it is necessary to take into ac-
count factors that can affect the accuracy of the meas-
urements such as motion artefacts.

BRIEF SUMMARY

[0003] According to various, but not necessarily all, ex-
amples of the disclosure there is provided an apparatus
comprising means for: obtaining a signal from a broad-
band detector in response to light that has been propa-
gated through a subject being incident on the broadband
detector, wherein the signal comprises at least a first
component and a second component where the first com-
ponent is provided in response to a first spectral and spa-
tial distribution of light being incident on the broadband
detector and the second component is provided in re-
sponse to at least one other spectral and spatial distri-
bution of light being incident on the broadband detector
and wherein an emitter of the first spectral and spatial
distribution of light and an emitter of the at least one other
spectral and spatial distribution of light are controlled so
that the first spectral and spatial distribution of light and
the at least one other spectral and spatial distribution
light have a similar dependency to motion artefacts but
a different dependency to a biometric parameter; and
processing the first component and the second compo-
nent of the obtained signal to enable the biometric pa-
rameter of the subject to be determined.
[0004] Controlling the emitters so that the first spectral
and spatial distribution of light and the at least one other
spectral and spatial distribution of light have a similar
dependency to motion artefacts but a different depend-
ency to the biometric parameter may comprise selecting
one or more wavelengths of light to use in the spectral
distributions.
[0005] Controlling the emitters so that the first spectral
and spatial distribution of light and the at least one other
spectral and spatial distribution light have a similar de-
pendency to motion artefacts but a different dependency
to the biometric parameter may comprise positioning the
emitters relative to the broadband detector.
[0006] The signal may also comprise at least a second
component and a third component wherein the second
component may be provided in response to a second

spectral and spatial distribution of light being incident on
the broadband detector and the third component may be
provided in response to a third spectral and spatial dis-
tribution of light being incident on the broadband detector.
[0007] The emission of the respective spectral and
spatial distributions of light may be controlled so that the
respective spectral and spatial distributions of light are
incident on the broadband detector at different times.
[0008] The first spectral and spatial distribution of light
may comprise green light. The at least one other spectral
and spatial distribution of light may comprise at least one
of; red light, blue light.
[0009] The biometric parameter may comprise the
heart rate of the subject.
[0010] Processing the respective components of the
signal to determine a biometric parameter of the subject
may comprise filtering at least the respective compo-
nents of the signal to separate a common mode signal
from a differential signal. The differential signal may com-
prise information about the biometric parameter.
[0011] The respective components of the signal may
be filtered at a frequency corresponding to a frequency
at which the spectral and spatial distributions of light are
alternated.
[0012] The emitter of the first spectral and spatial dis-
tribution of light and the emitter of the at least one other
spectral and spatial distribution of light may be controlled
so that a similar power level is incident on the broadband
detector for both of the spectral and spatial distributions
of light.
[0013] According to various, but not necessarily all, ex-
amples of the disclosure there is provided an apparatus
comprising: processing circuitry; and memory circuitry
including computer program code, the memory circuitry
and the computer program code configured to, with the
processing circuitry, cause the apparatus to: obtain a sig-
nal from a broadband detector in response to light that
has been propagated through a subject being incident
on the broadband detector, wherein the signal comprises
at least a first component and a second component where
the first component is provided in response to a first spec-
tral and spatial distribution of light being incident on the
broadband detector and the second component is pro-
vided in response to at least one other spectral and spa-
tial distribution of light being incident on the broadband
detector and wherein an emitter of the first spectral and
spatial distribution of light and an emitter of the at least
one other spectral and spatial distribution of light are con-
trolled so that the first spectral and spatial distribution of
light and the at least one other spectral and spatial dis-
tribution light have a similar dependency to motion arte-
facts but a different dependency to a biometric parame-
ter; and process the first component and the second com-
ponent of the obtained signal to enable the biometric pa-
rameter of the subject to be determined.
[0014] According to various but not necessarily all, ex-
ample of the disclosure, there is provided a method com-
prising: obtaining a signal from a broadband detector in
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response to light that has been propagated through a
subject being incident on the broadband detector, where-
in the signal comprises at least a first component and a
second component where the first component is provided
in response to a first spectral and spatial distribution of
light being incident on the broadband detector and the
second component is provided in response to at least
one other spectral and spatial distribution of light being
incident on the broadband detector and wherein an emit-
ter of the first spectral and spatial distribution of light and
an emitter of the at least one other spectral and spatial
distribution of light are controlled so that the first spectral
and spatial distribution of light and the at least one other
spectral and spatial distribution light have a similar de-
pendency to motion artefacts but a different dependency
to a biometric parameter; and processing the first com-
ponent and the second component of the obtained signal
to enable the biometric parameter of the subject to be
determined.
[0015] According to various but not necessarily all, ex-
ample of the disclosure, there is provided a computer
program comprising computer program instructions that,
when executed by processing circuitry, cause: obtaining
a signal from a broadband detector in response to light
that has been propagated through a subject being inci-
dent on the broadband detector, wherein the signal com-
prises at least a first component and a second component
where the first component is provided in response to a
first spectral and spatial distribution of light being incident
on the broadband detector and the second component
is provided in response to at least one other spectral and
spatial distribution of light being incident on the broad-
band detector and wherein an emitter of the first spectral
and spatial distribution of light and an emitter of the at
least one other spectral and spatial distribution of light
are controlled so that the first spectral and spatial distri-
bution of light and the at least one other spectral and
spatial distribution light have a similar dependency to mo-
tion artefacts but a different dependency to a biometric
parameter; and processing the first component and the
second component of the obtained signal to enable the
biometric parameter of the subject to be determined.
[0016] According to various but not necessarily all, ex-
ample of the disclosure, there is provided a physical entity
comprising a computer program as described above.
[0017] According to various but not necessarily all, ex-
ample of the disclosure, there is provided a system com-
prising: at least a first emitter configured to emit light of
a first spectral and spatial distribution; at least a second
emitter configured to emit light of a second spectral and
spatial distribution; at least one broadband detector con-
figured to detect at least the first spectral and spatial dis-
tribution of light and the second spectral and spatial dis-
tribution of light after the respective spectral and spatial
distributions of light have propagated through a subject
such that the detected signals enable a biometric param-
eter of the subject to be determined; and control means
configured to control the emission of the first spectral and

spatial distribution of light and the second spectral and
spatial distribution of light so that they are incident on the
broadband detector at different times; wherein the first
emitter and the second emitter are controlled so that the
first spectral and spatial distribution of light and the sec-
ond spectral and spatial distribution of light have a similar
dependency to motion artefacts but a different depend-
ency to the biometric parameter.
[0018] Controlling the emitters so that the first spectral
and spatial distribution of light and the second spectral
and spatial distribution light have a similar dependency
to motion artefacts but a different dependency to the bi-
ometric parameter may comprise positioning the emitters
relative to the broadband detector so that the first spectral
and spatial distribution of light and the second spectral
and spatial distribution of light probe a similar depth of
the subject.
[0019] Controlling the emitters so that the first spectral
and spatial distribution of light and the second spectral
and spatial distribution light have a similar dependency
to motion artefacts but a different dependency to the bi-
ometric parameter may comprise selecting one or more
wavelengths of light to use in the spectral distributions.
[0020] The system may comprise at least a third emit-
ter configured to emit a third spectral and spatial distri-
bution of light.
[0021] The first spectral and spatial distribution of light
may comprise green light and the second spectral and
spatial distribution of light and/or the third spectral and
spatial distribution of light comprises light may comprise
at least one of; red light, blue light.
[0022] The biometric parameter may comprise the
heart rate of the subject.
[0023] The emitter of the first spectral and spatial dis-
tribution of light may be provided at a different distance
from the broadband detector to the emitter of the second
spectral and spatial distribution of light and/or the emitter
of the third spectral and spatial distribution of light.
[0024] The emitter of the first spectral and spatial dis-
tribution of light and the emitter of the second spectral
and spatial distribution of light and/or the emitter of the
third spectral and spatial distribution of light may be con-
trolled so that a similar power level is incident on the
broadband detector for each of the spectral and spatial
distributions of light.

BRIEF DESCRIPTION

[0025] Some example embodiments will now be de-
scribed with reference to the accompanying drawings in
which:

Fig. 1 shows an apparatus;
Fig. 2 shows a system;
Figs. 3A and 3B show a system and signals that may
be obtained using the system;
Fig. 4 shows how different spectral distributions of
light may be propagated through a subject;
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Fig. 5 shows an example configuration of a broad-
band detector and a plurality of emitters;
Fig. 6 shows another example configuration of a plu-
rality broadband detectors and a plurality of emitters;
Fig. 7 shows a filter arrangement;
Fig. 8 shows example signals;
Fig. 9 shows example signals; and
Fig. 10 shows example method.

DETAILED DESCRIPTION

[0026] Examples of the disclosure relate to an appa-
ratus comprising means for obtaining a signal from a
broadband detector in response to light that has been
propagated through a subject being incident on the
broadband detector and processing the components of
the obtained signal to enable a biometric parameter of
the subject to be determined. The signal that is obtained
comprises at least a first component and a second com-
ponent where the first component is provided in response
to a first spectral and spatial distribution of light being
incident on the broadband detector and the second com-
ponent is provided in response to at least one other spec-
tral and spatial distribution of light being incident on the
broadband detector. An emitter of the first spectral and
spatial distribution of light and an emitter of the at least
one other spectral and spatial distribution of light are con-
trolled so that the first spectral and spatial distribution of
light and the at least one other spectral and spatial dis-
tribution light have a similar dependency to motion arte-
facts but a different dependency to the biometric param-
eter.
[0027] The apparatus may be for monitoring biometric
parameters. In some examples the apparatus may be for
monitoring biometric parameters using photoplethsmog-
raphy.
[0028] Fig.1 schematically illustrates an apparatus 101
according to examples of the disclosure. In the example
of Fig. 1 the apparatus 101 comprises a controller 103.
In the example of Fig. 1 the implementation of the con-
troller 103 may be as controller circuitry. In some exam-
ples the controller 103 may be implemented in hardware
alone, have certain aspects in software including
firmware alone or can be a combination of hardware and
software (including firmware).
[0029] As illustrated in Fig. 1 the controller 103 may be
implemented using instructions that enable hardware
functionality, for example, by using executable instruc-
tions of a computer program 109 in a general-purpose
or special-purpose processor 105 that may be stored on
a computer readable storage medium (disk, memory etc)
to be executed by such a processor 105.
[0030] The processor 105 is configured to read from
and write to the memory 107. The processor 105 may
also comprise an output interface via which data and/or
commands are output by the processor 105 and an input
interface via which data and/or commands are input to
the processor 105.

[0031] The memory 107 is configured to store a com-
puter program 109 comprising computer program in-
structions (computer program code 111) that controls the
operation of the apparatus 101 when loaded into the proc-
essor 105. The computer program instructions, of the
computer program 109, provide the logic and routines
that enables the apparatus 101 to perform the methods
illustrated in Figs. 4 and 8. The processor 105 by reading
the memory 107 is able to load and execute the computer
program 109.
[0032] The apparatus 101 therefore comprises: at
least one processor 105; and at least one memory 107
including computer program code 111, the at least one
memory 107 and the computer program code 111 con-
figured to, with the at least one processor 105, cause the
apparatus 101 at least to perform: obtaining 1001 a signal
from a broadband detector in response to light that has
been propagated through a subject 211 being incident
on the broadband detector 209, wherein the signal com-
prises at least a first component and a second component
where the first component is provided in response to a
first spectral and spatial distribution of light being incident
on the broadband detector 209 and the second compo-
nent is provided in response to at least one other spectral
and spatial distribution of light being incident on the
broadband detector 209 and wherein an emitter 203 of
the first spectral and spatial distribution of light and an
emitter 205 of the at least one other spectral and spatial
distribution of light are controlled so that the first spectral
and spatial distribution of light and the at least one other
spectral and spatial distribution light have a similar de-
pendency to motion artefacts but a different dependency
to a biometric parameter; and processing 1003 the first
component and the second component of the obtained
signal to enable the biometric parameter of the subject
211 to be determined.
[0033] As illustrated in Fig.1 the computer program 109
may arrive at the apparatus 101 via any suitable delivery
mechanism 113. The delivery mechanism 113 may be,
for example, a machine readable medium, a computer-
readable medium, a non-transitory computer-readable
storage medium, a computer program product, a memory
device, a record medium such as a Compact Disc Read-
Only Memory (CD-ROM) or a Digital Versatile Disc (DVD)
or a solid state memory, an article of manufacture that
comprises or tangibly embodies the computer program
109. The delivery mechanism may be a signal configured
to reliably transfer the computer program 109. The ap-
paratus 101 may propagate or transmit the computer pro-
gram 109 as a computer data signal. In some examples
the computer program 109 may be transmitted to the
apparatus 101 using a wireless protocol such as Blue-
tooth, Bluetooth Low Energy, Bluetooth Smart, 6LoWPan
(IPv6 over low power personal area networks) ZigBee,
ANT+, near field communication (NFC), Radio frequency
identification, wireless local area network (wireless LAN)
or any other suitable protocol.
[0034] The computer program 109 comprises compu-
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ter program instructions for causing an apparatus 101 to
perform at least the following: obtaining 1001 a signal
from a broadband detector in response to light that has
been propagated through a subject 211 being incident
on the broadband detector 209, wherein the signal com-
prises at least a first component and a second component
where the first component is provided in response to a
first spectral and spatial distribution of light being incident
on the broadband detector 209 and the second compo-
nent is provided in response to at least one other spectral
and spatial distribution of light being incident on the
broadband detector 209 and wherein an emitter 203 of
the first spectral and spatial distribution of light and an
emitter 205 of the at least one other spectral and spatial
distribution of light are controlled so that the first spectral
and spatial distribution of light and the at least one other
spectral and spatial distribution light have a similar de-
pendency to motion artefacts but a different dependency
to a biometric parameter; and processing 1003 the first
component and the second component of the obtained
signal to enable the biometric parameter of the subject
211 to be determined.
[0035] The computer program instructions may be
comprised in a computer program 109, a non-transitory
computer readable medium, a computer program prod-
uct, a machine readable medium. In some but not nec-
essarily all examples, the computer program instructions
may be distributed over more than one computer pro-
gram 109.
[0036] Although the memory 107 is illustrated as a sin-
gle component/circuitry it may be implemented as one
or more separate components/circuitry some or all of
which may be integrated/removable and/or may provide
permanent/semi-permanent/ dynamic/cached storage.
[0037] Although the processor 105 is illustrated as a
single component/circuitry it may be implemented as one
or more separate components/circuitry some or all of
which may be integrated/removable. The processor 105
may be a single core or multi-core processor.
[0038] References to "computer-readable storage me-
dium", "computer program product", "tangibly embodied
computer program" etc. or a "controller", "computer",
"processor" etc. should be understood to encompass not
only computers having different architectures such as
single /multi- processor architectures and sequential
(Von Neumann)/parallel architectures but also special-
ized circuits such as field-programmable gate arrays (FP-
GA), application specific circuits (ASIC), signal process-
ing devices and other processing circuitry. References
to computer program, instructions, code etc. should be
understood to encompass software for a programmable
processor or firmware such as, for example, the program-
mable content of a hardware device whether instructions
for a processor, or configuration settings for a fixed-func-
tion device, gate array or programmable logic device etc.
[0039] As used in this application, the term "circuitry"
may refer to one or more or all of the following:

(a) hardware-only circuitry implementations (such as
implementations in only analog and/or digital circuit-
ry) and
(b) combinations of hardware circuits and software,
such as (as applicable):

(i) a combination of analog and/or digital hard-
ware circuit(s) with software/firmware and
(ii) any portions of hardware processor(s) with
software (including digital signal processor(s)),
software, and memory(ies) that work together
to cause an apparatus, such as a mobile phone
or server, to perform various functions and

(c) hardware circuit(s) and or processor(s), such as
a microprocessor(s) or a portion of a microproces-
sor(s), that requires software (e.g. firmware) for op-
eration, but the software may not be present when
it is not needed for operation.

This definition of circuitry applies to all uses of this term
in this application, including in any claims. As a further
example, as used in this application, the term circuitry
also covers an implementation of merely a hardware cir-
cuit or processor and its (or their) accompanying software
and/or firmware. The term circuitry also covers, for ex-
ample and if applicable to the particular claim element,
a baseband integrated circuit for a mobile device or a
similar integrated circuit in a server, a cellular network
device, or other computing or network device.
[0040] Fig. 2 schematically illustrates a system 201
that may be used to implement some examples of the
disclosure. In the examples of the disclosure the system
201 comprises at least a first emitter 203 and a second
emitter 205, control means 207, and at least one broad-
band detector 209. The broadband detector 209 may be
coupled to an apparatus 101 such as the apparatus 101
shown in Fig. 1.
[0041] In some examples the system 201, or at least
some components of the system 201 could be provided
in a wearable device. The wearable device could com-
prise a watch type device which could be attached to the
wrist of a subject 211, a chest strap which could be at-
tached to the torso of a subject 211 or any other suitable
type of device. The wearable device could be configured
so that when the device is attached to the subject 211
the emitters 203, 205 and the detector 209 are provided
adjacent to, or in close proximity to, the skin of the subject
211. This enables at least some of the light from the emit-
ters 203 to be propagated through the subject 211 and
incident on the broadband detector 209.
[0042] The emitters 203, 205 may comprise any means
which may be configured to emit a spectral and spatial
distribution of light. The emitters 203, 205 may comprise
one or more light sources. The light sources could com-
prise light emitting diodes (LEDs) or any other suitable
means.
[0043] The light sources within the emitters 203, 205
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are selected so as to control the spectral distribution of
light emitted by the emitters 203, 205. The light sources
may be selected so that the first emitter 203 is configured
to emit light having a first spectral distribution and the
second emitter 205 is configured to emit light having a
second, different spectral distribution.
[0044] The different spectral distributions could com-
prise different wavelengths of light. In some examples
the first spectral distribution could comprise green light.
In some examples the first spectral distribution could
have a wavelength between 520nm and 560nm. The
green light used for the first spectral distribution may be
selected as the absorption of the green light within a sub-
ject 211 gives an indication of the volume of blood within
the subject 211.
[0045] The second spectral distribution could comprise
at least one of red light and blue light. In some examples
the second spectral distribution could comprise light that
is not green. In some examples the second spectral dis-
tribution could comprise white light. In some examples
the second spectral distribution could comprise light hav-
ing wavelengths between 635nm and 700nm and/or be-
tween 450nm and 490nm. The wavelengths of light used
in the second spectral distribution may be selected so
that the light has a similar dependency to motion artefacts
within the subject 211 as the first spectral distribution of
light but has a different dependency to the biometric pa-
rameter that is to be measured. The similarity between
the dependencies of the light to the motion artefacts may
be such that the motion artefacts can be removed from
signals obtained by the broadband detector 209 by a filter
or other suitable means.
[0046] In some examples the system 201 is configured
so that the emitters 203, 205 are positioned relative to
the broadband detector 209 so that the light from the
respective emitters 203, 205 has a similar dependency
to motion artefacts within the subject 211 but has a dif-
ferent dependency to the biometric parameter. In some
examples the emitters 203, 205 are positioned relative
to the broadband detector 209 so that the light from each
of the respective emitters 203, 205 has a similar depend-
ency to motion artefacts within the subject 211 but has
a different dependency to the biometric parameter. The
similar dependency to the motion artefacts may be ob-
tained by positioning the emitters 203, 205 relative to the
broadband detector 209 so that the respective distribu-
tions of light probe a similar depth of the subject 211. In
some examples the emitters 203, 205 may be positioned
relative to the broadband detector 209 so that the path
lengths of the distributions of light through the subject
211 are such that a similar amount of light is absorbed
for each of the distributions of light.
[0047] In some example systems 201 the emitters 203,
205 may be positioned close to each other so that the
different spectral and spatial distributions of light are
emitted through similar parts of the subject 211. In some
examples the emitters 203, 205 may be positioned so
that at least some of the different spectral and spatial

distributions of light are propagated through the same
part of the subject 211. This may help to ensure that the
light from each of the emitters 203, 205 has a similar
dependency to motion artefacts within the subject 211.
[0048] In the example of Fig. 2 the system comprises
two emitters 203, 205. It is to be appreciated that in other
examples of the disclosure the system 201 could com-
prise more than two emitters 203, 205. For example the
system 201 could comprise at least a third emitter which
could be configured to provide a third spectral and spatial
distribution of light to be incident on the broadband de-
tector 209.
[0049] In the example of Fig. 2 the system 201 also
comprises control means 207. The control means 207
may comprise any means which may be configured to
control the emitters 203, 205. The control means 207
may be configured to provide control signals to the emit-
ters 203, 205. In some examples the control means 207
could comprises a controller 103 which may comprise a
processor 105 and memory 107 or any other suitable
means. The control means 207 could comprise compo-
nents as shown in Fig. 1.
[0050] The control means 207 may be configured to
control the light that is emitted by the emitters 203, 205.
In some examples the control means 207 may be con-
figured to control the intensity of the light that is emitted.
The intensity of the light that is emitted may be controlled
so that a similar power level is incident on the broadband
detector 209 for each of the spatial and spectral distribu-
tions of light. The power level may be similar so as to
facilitate the filtering of the different components of the
output signal provided by the broadband detector 209.
[0051] The control means 207 may be configured to
control an illumination sequence of the emitters. The con-
trol means 207 may be configured to control an illumina-
tion sequence of the emitters 203, 205 so that the emis-
sion of light by the emitters 203, 205 is alternated. The
emission of light by the emitters 203, 205 may be alter-
nated so that the different spectral and spatial distribu-
tions of light emitted by the different emitters 203, 205
are incident on the broadband detector 209 at different
times. In some examples the emission of the different
spectral and spatial distributions of light may be alternat-
ed so that the maximum intensity of the different spectral
and spatial distributions of light are incident on the broad-
band detector 209 at different times. This alternation may
ensure that the different spectral and spatial distributions
of light are modulated in antiphase. The emission of the
different spectral and spatial distributions may be alter-
nated at a frequency controlled by the control means 207.
The frequency may be higher than the frequency of a
user’s heart rate or other biometric parameter that the
system 201 may be measuring so that the common mode
signal may be removed by filtering at a frequency corre-
sponding to the frequency at which the emission of the
spectral and spatial distributions of light are alternated.
[0052] The alternation between the different spectral
and spatial distributions light could be a square wave so
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that if the first emitter 203 is illuminated the second emit-
ter 205 is not illuminated and similarly if the second emit-
ter 205 is illuminated the first emitter 203 is not illuminat-
ed. In such examples the emitters 203, 205 have only
two states which is either off or on. In other examples the
different emitter 203, 205 could be controlled to provide
a sinusoidal output. The sinusoidal outputs may vary in
intensity over time. The sinusoidal outputs for the differ-
ent emitters may be in antiphase so that when one emitter
203, 205 has a maximum intensity output the other emit-
ter has a minimum intensity output. The minimum inten-
sity output may be zero.
[0053] The broadband detector 209 may be positioned
within the system 201 so that, when the system 201 is in
use, light from the each of the emitters 203, 205 is prop-
agated through the subject 211 and is incident on the
broadband detector 209.
[0054] The broadband detector 209 may comprise any
means which may be configured to convert incident light
into an electrical output signal. For instance, the broad-
band detector 209 may comprise one or more photodi-
odes or any other suitable means. The electrical output
signal provided by the broadband detector 209 may pro-
vide an indication of the intensity of light that was incident
on the broadband detector 209 as function of time. The
broadband detector 209 may be configured to detect light
from each of the first spectral and spatial distributions
used within the system 201. This enables the same de-
tector 209 to be used to detect each of the different spec-
tral and spatial distributions of light so that only a single
detector 209 is needed.
[0055] As the broadband detector 209 detects different
spectral and spatial distributions of light the broadband
detector 209 therefore provides a single output signal
that comprises a plurality of different components. The
different components correspond to the different spectral
and spatial distributions of light that are detected. In ex-
amples of the disclosure where the emission of the dif-
ferent spectral and spatial distributions are alternated the
different components of the signal corresponding to the
different spectral and spatial distributions of light are de-
tected by the broadband detector 209 at different times.
[0056] In the example system 201 of Fig. 2 the broad-
band detector 209 is configured to provide an output sig-
nal to an apparatus 101. This enables the apparatus 101
to obtain a signal comprising a plurality of different com-
ponents. The apparatus 101 may be configured to proc-
ess the signal and the plurality of different components
within the signal to obtain a measurement of a biometric
parameter of the subject 211. The biometric parameter
could be the heart rate of the subject 211 or any other
parameter that affects the way different wavelengths of
light are absorbed by the subject 211.
[0057] In some examples the apparatus 101 could
comprise a controller 103 which may be as shown above
in relation to Fig. 1. In some examples the apparatus 101
could comprise one or more filters which may be config-
ured to filter the signal obtained from the broadband de-

tector 209 to remove information indicative of the motion
artefacts and leave information relating to the biometric
parameter within the signal. The filtered signal could then
be processed by the controller 103 to determine the bi-
ometric parameter of the subject.
[0058] The processing of the signal to determine the
biometric parameter of the subject 211 could comprise
any suitable processing which enables the motion arte-
facts to be removed from the signal. In some examples
processing the signal to determine a biometric parameter
of the subject 211 comprises filtering at least the first and
second components of the signal to remove a common
mode signal. In such examples the common mode signal
comprises motion artefacts which are similar for each of
the different components of the signal as a result of the
way the respective emitters 203, 205 have been control-
led.
[0059] In some examples the signal from the broad-
band detector 209 is filtered at a frequency correspond-
ing to a frequency at which the spectral and spatial dis-
tributions of light are alternated. The filtering frequency
could be the same as the alternating frequency. The ap-
paratus 101 can therefore provide an output which is in-
dicative of the biometric parameter of the subject.
[0060] In some but not necessarily all examples, the
system 201 could be connected to other devices and
networks. For example the system 201 could be provided
in a wearable device which may be configured to com-
municate with another device such as a computer or mo-
bile phone. In such examples the apparatus 101 is con-
figured to communicate data from the apparatus 101 with
or without local storage of the data in a memory 107 at
the apparatus 101 and with or without local processing
of the data by circuitry or processors at the apparatus
101.
[0061] The data may, for example, be measurement
data from the detector 209 or data produced by the
processing of measurement data from detector 209 by
filtering or performing any other process.
[0062] The data may be stored in a processed or un-
processed format remotely at one or more devices. The
data may be stored at a server.
[0063] The data may be processed remotely at one or
more devices. The data may be partially processed lo-
cally and partially processed remotely at one or more
devices.
[0064] The data may be communicated to the remote
devices wirelessly via short range radio communications
such as Wi-Fi or Bluetooth, for example, or over long
range cellular radio links. The apparatus may comprise
a communications interface such as, for example, a radio
transceiver for communication of data.
[0065] The processing of the data, whether local or re-
mote, may be for the purpose of health monitoring, data
aggregation, patient monitoring, vital signs monitoring or
other purposes.
[0066] The processing of the data, whether local or re-
mote, may involve artificial intelligence or machine learn-
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ing algorithms. The data may, for example, be used as
learning input to train a machine learning network or may
be used as a query input to a machine learning network,
which provides a response. The machine learning net-
work may for example use linear regression, logistic re-
gression, vector support machines or an acyclic machine
learning network such as a single or multi hidden layer
neural network.
[0067] The processing of the data, whether local or re-
mote, may produce an output. The output may be com-
municated to the apparatus 101 where it may produce
an output sensible to the subject such as an audio output,
visual output or haptic output.
[0068] Figs. 3A and 3B show another example system
201 and signals that may be obtained using the system
201.
[0069] The example system 201 shown in Fig. 3A com-
prises a broadband detector 209 a plurality of emitters
203, 205 and control means 207. The broadband detec-
tor 209 could be coupled to an apparatus 101 which is
not shown in Fig. 3A.
[0070] The example system 201 of Fig. 3A comprises
twelve emitters 203, 205. Six of the emitters 203 are con-
figured to emit a first spectral and spatial distribution of
light while the other six emitters 205 are configured to
emit a second spectral and spatial distribution of light. It
is to be appreciated that other numbers of emitters 203,
205 could be used in other examples of the disclosure.
[0071] In the example of Fig. 3A the first emitters 203
configured to emit the first spectral and spatial distribution
of light are configured to emit green light. The first emit-
ters 203 may comprise one or more green LEDs. In the
example of Fig. 3A the second emitters 205 configured
to emit the second spectral and spatial distribution of light
are configured to emit red light. The second emitters 205
may comprise one or more red LEDs. It is to be appre-
ciated that other wavelengths of light could be used in
other examples of the disclosure.
[0072] In the system 201 shown in Fig. 3A the emitters
203, 205 are are positioned surrounding the broadband
detector 209. The emitters 203, 205 are arranged in a
circular, or substantially circular configuration, so that
each of the emitters 203, 205 is an equal, or substantially
equal, distance from the broadband detector 209.
[0073] The emitters 203, 205 may be configured so
that the light from the different emitters 203, 205 has a
similar path through a subject 211. This may help to en-
sure that the different spectral and spatial distributions
of light have a similar dependency to the motion artefacts.
In the example of Fig. 3A the emitters 203, 205 are ar-
ranged in an alternating configuration so that each first
emitter 203 is adjacent to two second emitters 205 and
similarly each second emitter 205 is adjacent to two first
emitters 203. Having the different emitters 203, 205 ad-
jacent to each other causes the different spectral and
spatial distributions of light to propagate through similar
parts of the subject 211 to help ensure that the motion
artifacts will be similar for each of the spectral and spatial

distributions of light.
[0074] The emitters 203, 205 are coupled to a control
means 207 which controls when the emitters 203, 205
are illuminated. In the example of Fig. 3A the control
means 207 comprises a signal generator which may be
configured to alternate the illumination of the respective
emitters 203, 205. The control means 207 may comprise
an alternating current signal generator or any other suit-
able means.
[0075] Fig. 3B shows examples of signals generated
by the system 201 shown in Fig. 3A. The first signal 301
is the voltage output provided by the generator of the
control means 207 as a function of time. In this example
the signal 301 is an alternating square wave. The signal
301 provides a positive output voltage followed by a neg-
ative output voltage. The pulses of positive output voltage
have the same duration as the pulses of negative output
voltage.
[0076] In the example of Fig. 3B the positive output of
the signal generator has a larger magnitude than the neg-
ative output. This may cause the different emitters 203,
205 to emit light at different power levels. The different
power levels may be selected so that after the light has
propagated through the subject 211 the amount of light
that is incident on the broadband detector 209 is similar.
This may enable the sensitivity of the broadband detector
209 to be selected to detect both the first spectral and
spatial distribution of light and the second spectral and
spatial distribution of light.
[0077] The different power levels may be selected so
that the different spectral and spatial distributions of light
have a similar dependency to motion artefacts. The re-
spective power levels may be selected so as to facilitate
the processing of the output of the broadband detector
209 to remove the common mode signal.
[0078] The second signal 303 shows the power output
of the second emitters 205 as a function of time. This
shows the light that is emitted by the red LEDs. The sys-
tem 201 is configured so that the red LEDs are activated
by the negative components of the control signal 301
from the control means 207. When the control signal 301
is negative the red LEDs emit red light at a selected in-
tensity and when the control signal 301 is positive the
red LEDs do not emit any light. The control signal 301
controls the red LEDs in the second emitters 205 so that
the red light is either emitted at a set power level or not
emitted at all.
[0079] The third signal 305 shows the power output of
the first emitters 203 as a function of time. This shows
the light that is emitted by the green LEDs. The system
201 is configured so that the green LEDs are activated
by the positive components of the control signal 301 from
the control means 207. When the control signal 301 is
positive the green LEDs emit green light at a selected
intensity and when the control signal 301 is negative the
green LEDs do not emit any light. The control signal 301
controls the green LEDs in the first emitters 203 so that
the green light is either emitted at a set power level or
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not emitted at all.
[0080] In the example of Fig. 3B the first emitters 203
are controlled to emit light at a different power level to
the second emitters 205. The different power levels may
be selected to help to ensure that the different spectral
and spatial distributions of light have a similar depend-
ency to motion artefacts as the light is propagated
through a subject 211.
[0081] The fourth signal 307 shows the intensity of the
light that is detected by the broadband detector 209 as
a function of time. The broadband detector 209 detects
both the red light and the green light. In the example of
Figs. 3A and 3B the emission of the different spectral and
spatial distributions of light are alternated so that the dif-
ferent spectral and spatial distributions of light are inci-
dent on the broadband detector 209 at different times.
Therefore intensity of light detected by the broadband
detector 209 varies as the different wavelengths of light
are incident on the broadband detector 209.
[0082] As the broadband detector 209 detects different
wavelengths of light the signal 307 provided by the broad-
band detector 209 comprises two components 311, 313.
The first component 311 is provided in response to a first
spectral and spatial distribution of light being incident on
the broadband detector 209 and the second component
313 is provided in response to a second spectral and
spatial distribution of light being incident on the broad-
band detector 209. In the example shown in Fig. 3B the
first spectral and spatial distribution of light is the green
light that is emitted by the first emitters 203. This com-
ponent 311 of the signal 307 will therefore contain infor-
mation about the motion artefacts and also a biometric
parameter such as the heart rate of the subject 211. The
second spectral and spatial distribution of light is the red
light that is emitted by the second emitters 205. The sec-
ond emitters 205 are configured so that the red light has
a similar dependency to the motion artefacts as the green
light, but is less dependent on the biometric parameter.
The second component 313 of the signal 307 will there-
fore contain information about the motion artefacts but
not the biometric parameter of the subject 211. The in-
formation about the biometric parameter can therefore
be obtained by removing the common mode of the dif-
ferent components 311, 313 of the signal 307.
[0083] Fig. 4 shows how different spectral distributions
of light may be propagated through a subject 211. The
example of Fig. 4 shows a first emitter 203 which is con-
figured to emit green light 411, a second emitter 205
which is configured to emit red light and a third emitter
401 which is configured to emit blue light 415. The emit-
ters 203, 205, 401 are positioned adjacent to the skin of
a subject 211 so that the different spectral distributions
of light can probe the subject 211. Fig. 4 also shows a
broadband detector 209 which is configured to detect the
different spectral and spatial distributions of light after
they have been propagated through the subject 211.
[0084] The different wavelengths of light emitted by
each of the different emitters 203, 205, 401 propagate to

different depths of the tissue of the subject 211. As shown
in Fig. 4 the red light 413 is propagated to a deeper depth
than the green light 411 and the blue light 415 is propa-
gated to a shallower depth than the green light 411. To
ensure that each of the different spectral and spatial dis-
tributions of light have a similar dependency to motion
artefacts it may be beneficial to position the different emit-
ters 203, 205, 401 so that each of the different spectral
and spatial distributions of light propagates through a
similar volume of the subject 211 before it is incident on
the broadband detector 209.
[0085] In the example of Fig. 4 the similar volumes are
achieved by positioning the respective emitters 203, 205,
401 at different distances from the broadband detector
209. The relative distances between the emitters 203,
205, 401 and the broadband detector 209 may be de-
pendent on the spectral distribution of light that is emitted
by each of the emitters 203, 205, 401. In the example of
Fig. 4 the second emitter 205 which emits the red light
413 is positioned closer to the broadband detector 209
than the first emitter 203 which emits the green light 411.
Similarly the third emitter 401 which emits the blue light
415 is positioned further away from the broadband de-
tector 209 than the first emitter 203. These positions help
to ensure that the red light, 413, green light 411 and blue
light 415 all propagate through similar volumes of the
subject 211 before they are incident on the broadband
detector 209.
[0086] Fig. 5 shows an example configuration of a
broadband detector 209 and a plurality of emitters 203,
205, 401 which could be used in some implementations
of disclosure.
[0087] In the example of Fig. 5 the configuration com-
prises a single broadband detector 209 and eighteen
emitters 203, 205, 2410. The eighteen emitters 203, 205,
401 comprise six first emitters 203 configured to emit
green light, six second emitters 205 configured to emit
red light and six third emitters 401 configured to emit blue
light. It is to be appreciated that different numbers of emit-
ters 203, 205, 401 and/or different spectral distributions
of light could be used in other examples of the disclosure.
[0088] In the example of Fig. 5 the broadband detector
209 is located in the centre of the configuration and the
emitters 203, 205, 401 are located around the broadband
detector 209. The emitters 203, 205, 401 are located
around the broadband detector 209 in a star shaped con-
figuration. The star shaped configuration comprises six
stems 501 where each stem 501 comprises a first emitter
203, a second emitter 205 and a third emitter 401. The
second emitter 203 is positioned at the end of the stem
501 closest to the broadband detector 209, the first emit-
ter 203 is positioned in the middle of the stem 501 and
the third emitter 401 is positioned at the end of the stem
501 furthest away from the broadband detector 209. This
positioning ensures that the different spectral distribu-
tions of light each propagate through a similar volume of
the subject 211 when the emitters 203, 205, 401 and
broadband detector 209 are in use.
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[0089] In the example configuration shown in Fig. 5 the
arrangement of the emitters 203, 205, 401 enables the
area of the subject 211 surrounding the broadband de-
tector 209 to be probed. This arrangement can smooth
out irregularities which could be caused by the inhomo-
geneity of the subject 211. The irregularities could cause
problems if the broadband detector 209 moves relative
to the subject 211 during use. This configuration can pro-
vide more accurate readings compared with just a single
group of emitters as shown in Fig. 4.
[0090] Fig. 6 shows another example configuration of
a plurality of broadband detectors 209 and a plurality of
emitters 203, 205, 401 which could also be used to
smooth out irregularities caused by the inhomogeneity
of the subject 211 and/or movement of the broadband
detectors 209.
[0091] In the example of Fig. 6 the configuration com-
prises three broadband detectors 209 and eighteen emit-
ters 203, 205, 410. The eighteen emitters 203, 205, 401
comprise six first emitters 203 configured to emit green
light, six second emitters 205 configured to emit red light
and six third emitters 401 configured to emit blue light. It
is to be appreciated that different numbers of emitters
203, 205, 401 and/or different spectral distributions of
light could be used in other examples of the disclosure.
[0092] In the example of Fig. 6 the broadband detec-
tors 209 are provided in a line and two lines of emitters
203, 205, 401 are provided on either side of each of the
broadband detectors 209. The lines of emitters 203, 205,
401 are arranged so that the second emitters 205 are
closest to the broadband detectors 209 while the third
emitters 401 are furthest away.
[0093] In the examples of Figs. 5 and 6 a first spectral
and spatial distribution of light is used to measure the
biometric parameter and two additional spectral and spa-
tial distributions of light are used to monitor the motion
artefacts. In the examples shown the first spectral and
spatial distribution of light comprises green light while the
other spectral and spatial distributions of light comprise
light that is not green. In these examples the light that is
not green comprises red light and blue light.
[0094] In these examples the additional spectral and
spatial distributions of light may be selected so that one
of the spectral and spatial distributions of light has a short-
er wavelength than the first spectral and spatial distribu-
tion of light and the other spectral and spatial distribution
has a longer wavelength of light. This may enable differ-
ences in the way the spectral and spatial distributions
depend on the motion artefacts to be cancelled out. For
instance, if the motion artefacts have a greater effect on
the longer wavelengths of light it may have a lesser effect
on the shorter wavelengths of light. The respective wave-
lengths of the light may be selected so that these effects
are cancelled out, or substantially cancelled out.
[0095] In other examples other wavelengths of light
could be used instead. For instance instead of using red
and blue light, white light could be used. The white light
comprises a range of different wavelengths some of

which may show similar dependencies on the motion ar-
tefacts to the green light while having a different depend-
ency on the biometric parameter.
[0096] Fig. 7 shows a filter arrangement 701 that may
be used to filter the output of the broadband detector 209
in some examples of the disclosure. The filter arrange-
ment 701 may be used to filter at least the first and second
components of the output signal to separate a common
mode signal from a differential signal.
[0097] In the example of Fig. 7 the filter arrangement
701 comprises a bias tee 703. The bias tee 703 is coupled
to the broadband detector 209 and comprises a capacitor
705 and an inductor 707. The capacitor 705 is configured
to allow the differential signal through but block the com-
mon mode signal. The inductor 707 is configured to allow
the common mode signal through but blocks the differ-
ential signal. In the example of Fig. 7 the differential signal
comprises the alternating current part of the output of the
broadband detector 209. This may comprise information
about the biometric parameter of the subject 211. The
common mode signal is direct current part of the output
of the broadband detector 209. This may comprise infor-
mation about the motion artefacts which are common to
all of the components of the signal provided by the broad-
band detector 209.
[0098] The filter arrangement 701 also comprises a
band pass filter 709 which is configured to remove noise
from the differential signal. The bandpass filter 709 could
be configured to filter the differential signal at a frequency
which corresponds to the frequency at which the spectral
and spatial distributions of light are alternated. That is,
the frequencies which are removed by the filter comprise
the frequency at which the different emitters 203, 205,
401 are switched on and off by the control signal.
[0099] The filter arrangement may also comprise am-
plifiers 711 which are configured to amplify the filtered
signals. In the example of Fig. 7 the amplifiers 711 com-
prise transimpedance amplifiers which may be config-
ured to convert current to voltage. Other types of ampli-
fiers 711 could be used in other examples of the disclo-
sure.
[0100] Fig. 8 shows example signals 305, 303, 307 that
could be used in some examples of the disclosure.
[0101] The example signal 305 shows the light that is
emitted by a first emitter 203 as a function of time and
the example signal 303 shows the light that is emitted by
a second emitter 205 as a function of time. These signals
may be similar to the signals shown in Fig. 3B. In the
example of Fig. 8 the light that is emitted by the first emit-
ter 203 comprises green light and the light that is emitted
by the second emitter 205 comprises red light.
[0102] The first emitter 203 and the second emitter 205
are alternated so that the light emitted is in antiphase.
That is when the first emitter 203 is emitting light the
second emitter 205 is not and when the second emitter
205 is emitting light the first emitter 203 is not. The fre-
quency at which the emitters 203, 205 are alternated may
be much larger than the frequency of the biometric pa-
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rameter that is to be measured. For instance, in the ex-
ample of Fig. 8 the time scale shown may be several
milliseconds. The frequency of alternation may be much
greater than the frequency of the heart rate of the subject
211, or any other suitable parameter. This enables a filter
to be selected which can remove noise form the signals
and separate the components of the signals without re-
moving information about the biometric parameter.
[0103] The third signal 307 comprises the output signal
that is provided by the broadband detector 209. This may
be similar to the signal shown in Fig. 3B and comprises
a first component 311 corresponding to the first spectral
and spatial distribution of light and a second component
313 corresponding to the second spectral and spatial dis-
tribution of light. These components 311, 313 are detect-
ed at different times.
[0104] The signal 307 comprises a common mode sig-
nal 803. The common mode signal 803 is the part that is
common to both the first component 311 and the second
component 313. As the spectral and spatial distributions
of light are selected to have a similar dependency to mo-
tion artifacts the common mode signal 801 relates to the
motion artefacts. The signal 308 also comprises a differ-
ential signal 801. The differential signal is the part that is
different between the first component 311 and the second
components 313. As the spectral and spatial distributions
of light are selected to have a different dependency to
the biometric parameter the differential signal 801 relates
to the biometric parameter. By processing the signal 307
to separate the common mode signal and the differential
signal the information about the biometric parameter can
be extracted.
[0105] Fig. 9 shows more example output signals of a
broadband detector 209 that could be used in examples
of the disclosure. The signals shown in Fig. 9 are obtained
over a longer period of time than that shown in Fig. 8.
This enables features of the biometric parameter to be
seen in Fig. 9. For instance the signals shown in Fig. 8
may be obtained over a period of milliseconds while the
signals shown in Fig. 9 may be obtained over a period
of seconds.
[0106] Signal 901 may be the first component 311 of
the signal provided by the broadband detector 209 and
signal 903 may be the second component of the signal
provided by the broadband detector 209. In this example
the signals 901, 903 are shown as dashed lines to indi-
cate that the components are detected alternately.
[0107] Signals 905 and 907 correspond to signals 901
and 903 after they have been adjusted for the power dif-
ferences in the different emitters 203, 205. In some ex-
amples it might not be needed to adjust the power levels
of the received signal as the power levels of the emitted
light could be adjusted instead.
[0108] Signal 909 shows the differential signal which
is obtained after the common mode signal has been re-
moved. The differential signal may provide information
about a biometric parameter such as the heart rate of the
subject 211.

[0109] In the examples of Figs. 8 and 9 the signals are
obtained for a first spectral and spatial distribution of light
and a second spectral and spatial distribution of light. In
other examples the signals could be obtained for more
than two spectral and spatial distributions of light. In such
examples the light could be emitted so that each spectral
and spatial distribution of light is detected at a different
point in time. In other examples the spectral and spatial
distributions of light that are dependent upon the biomet-
ric parameter could be emitted at a different time to the
spectral and spatial distributions of light that are not de-
pendent upon the biometric parameter. For instance the
red and blue light could be emitted simultaneously but
could be emitted at a different time to the green light.
[0110] In some examples the additional spectral and
spatial distributions of light could be used to measure a
different biometric parameter to the first spectral and spa-
tial distribution of light. For instance a third spectral and
spatial distribution of light could use light with wavelength
within the near infrared range of the spectrum and this
could be used to measure blood oxygenation levels while
the first spectral and spatial distribution of light is used
to measure heart rate. Different wavelengths of light and
different biometric parameters could be used in other ex-
amples of the disclosure.
[0111] Fig. 10 shows example method that could be
implemented using the apparatus 101 and systems 201
as shown above.
[0112] The method comprises, at block 1001, obtain-
ing a signal from a broadband detector 209 in response
to light that has been propagated through a subject 211
being incident on the broadband detector 209. The signal
that is obtained from the broadband detector 209 com-
prises a first component and a second component where
the first component is provided in response to a first spec-
tral and spatial distribution of light being incident on the
broadband detector 209 and the second component is
provided in response to a second spectral and spatial
distribution of light being incident on the broadband de-
tector 209. An emitter 203 of the first spectral and spatial
distribution of light and an emitter 205 of the second spec-
tral and spatial distribution of light are controlled so that
the first spectral and spatial distribution of light and the
second spectral and spatial distribution light have a sim-
ilar dependency to motion artefacts but a different de-
pendency to a biometric parameter.
[0113] The method also comprises, at block 1003,
processing the components of the obtained signal to en-
able the biometric parameter of the subject 211 to be
determined. The processing may comprises filtering the
signal to separate a common mode signal from a differ-
ential signal. The biometric parameter can then be de-
termined from the differential signal.
[0114] The examples of the disclosure therefore pro-
vide the technical effect of enabling motion artefacts to
be removed from a signal, such as a photoplethsmogra-
phy signal. This provides for improved accuracy in the
measurement of the heart rate or other suitable biometric
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parameter.
[0115] Examples of the disclosure also use only a sin-
gle broadband detector 209 to detect multiple different
wavelengths of light. This can provide for a simple and
cost effective method of detecting photoplethsmography
signals compared to systems which use a plurality of dif-
ferent detectors which are sensitive to different spectral
distributions of light. In examples of the disclosure the
broadband detector 209 provides a single output with a
plurality of different components which may be proc-
essed using a simple filter arrangement in order to obtain
the differential signal.
[0116] The term ’comprise’ is used in this document
with an inclusive not an exclusive meaning. That is any
reference to X comprising Y indicates that X may com-
prise only one Y or may comprise more than one Y. If it
is intended to use ’comprise’ with an exclusive meaning
then it will be made clear in the context by referring to
’comprising only one...’ or by using ’consisting’.
[0117] In this description, reference has been made to
various examples. The description of features or func-
tions in relation to an example indicates that those fea-
tures or functions are present in that example. The use
of the term ’example’ or ’for example’ or ’can’ or ’may’ in
the text denotes, whether explicitly stated or not, that
such features or functions are present in at least the de-
scribed example, whether described as an example or
not, and that they can be, but are not necessarily, present
in some of or all other examples. Thus ’example’, ’for
example’, ’can’ or ’may’ refers to a particular instance in
a class of examples. A property of the instance can be a
property of only that instance or a property of the class
or a property of a sub-class of the class that includes
some but not all of the instances in the class. It is therefore
implicitly disclosed that a feature described with refer-
ence to one example but not with reference to another
example, can where possible be used in that other ex-
ample as part of a working combination but does not nec-
essarily have to be used in that other example.
[0118] Although embodiments have been described in
the preceding paragraphs with reference to various ex-
amples, it should be appreciated that modifications to the
examples given can be made without departing from the
scope of the claims.
[0119] Features described in the preceding description
may be used in combinations other than the combina-
tions explicitly described above.
[0120] Although functions have been described with
reference to certain features, those functions may be per-
formable by other features whether described or not.
[0121] Although features have been described with ref-
erence to certain embodiments, those features may also
be present in other embodiments whether described or
not.
[0122] The term ’a’ or ’the’ is used in this document
with an inclusive not an exclusive meaning. That is any
reference to X comprising a/the Y indicates that X may
comprise only one Y or may comprise more than one Y

unless the context clearly indicates the contrary. If it is
intended to use ’a’ or ’the’ with an exclusive meaning
then it will be made clear in the context. In some circum-
stances the use of ’at least one’ or ’one or more’ may be
used to emphasis an inclusive meaning but the absence
of these terms should not be taken to infer and exclusive
meaning.
[0123] The presence of a feature (or combination of
features) in a claim is a reference to that feature) or com-
bination of features) itself and also to features that
achieve substantially the same technical effect (equiva-
lent features). The equivalent features include, for exam-
ple, features that are variants and achieve substantially
the same result in substantially the same way. The equiv-
alent features include, for example, features that perform
substantially the same function, in substantially the same
way to achieve substantially the same result.
[0124] In this description, reference has been made to
various examples using adjectives or adjectival phrases
to describe characteristics of the examples. Such a de-
scription of a characteristic in relation to an example in-
dicates that the characteristic is present in some exam-
ples exactly as described and is present in other exam-
ples substantially as described.
[0125] The use of the term ’example’ or ’for example’
or ’can’ or ’may’ in the text denotes, whether explicitly
stated or not, that such features or functions are present
in at least the described example, whether described as
an example or not, and that they can be, but are not
necessarily, present in some of or all other examples.
Thus ’example’, ’for example’, ’can’ or ’may’ refers to a
particular instance in a class of examples. A property of
the instance can be a property of only that instance or a
property of the class or a property of a sub-class of the
class that includes some but not all of the instances in
the class. It is therefore implicitly disclosed that a feature
described with reference to one example but not with
reference to another example, can where possible be
used in that other example as part of a working combi-
nation but does not necessarily have to be used in that
other example
[0126] Whilst endeavoring in the foregoing specifica-
tion to draw attention to those features believed to be of
importance it should be understood that the Applicant
may seek protection via the claims in respect of any pat-
entable feature or combination of features hereinbefore
referred to and/or shown in the drawings whether or not
emphasis has been placed thereon.

Claims

1. An apparatus comprising means for:

obtaining a signal from a broadband detector in
response to light that has been propagated
through a subject being incident on the broad-
band detector, wherein the signal comprises at
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least a first component and a second component
where the first component is provided in re-
sponse to a first spectral and spatial distribution
of light being incident on the broadband detector
and the second component is provided in re-
sponse to at least one other spectral and spatial
distribution of light being incident on the broad-
band detector and wherein an emitter of the first
spectral and spatial distribution of light and an
emitter of the at least one other spectral and
spatial distribution of light are controlled so that
the first spectral and spatial distribution of light
and the at least one other spectral and spatial
distribution light have a similar dependency to
motion artefacts but a different dependency to
a biometric parameter; and
processing the first component and the second
component of the obtained signal to enable the
biometric parameter of the subject to be deter-
mined.

2. An apparatus as claimed in claim 1 wherein control-
ling the emitters so that the first spectral and spatial
distribution of light and the at least one other spectral
and spatial distribution of light have a similar depend-
ency to motion artefacts but a different dependency
to the biometric parameter comprises selecting one
or more wavelengths of light to use in the spectral
distributions.

3. An apparatus as claimed in any preceding claim
wherein controlling the emitters so that the first spec-
tral and spatial distribution of light and the at least
one other spectral and spatial distribution light have
a similar dependency to motion artefacts but a dif-
ferent dependency to the biometric parameter com-
prises positioning the emitters relative to the broad-
band detector.

4. An apparatus as claimed in any preceding claim
wherein the signal also comprises at least a second
component and a third component wherein the sec-
ond component is provided in response to a second
spectral and spatial distribution of light being incident
on the broadband detector and the third component
is provided in response to a third spectral and spatial
distribution of light being incident on the broadband
detector.

5. An apparatus as claimed in any preceding claim
wherein the emission of the respective spectral and
spatial distributions of light are controlled so that the
respective spectral and spatial distributions of light
are incident on the broadband detector at different
times.

6. An apparatus as claimed in any preceding claim
wherein the first spectral and spatial distribution of

light comprises green light.

7. An apparatus as claimed in claim 6 wherein the at
least one other spectral and spatial distribution of
light comprise at least one of; red light, blue light.

8. An apparatus as claimed in any preceding claim
wherein the biometric parameter comprises the
heart rate of the subject.

9. An apparatus as claimed in any preceding claim
wherein processing the respective components of
the signal to determine a biometric parameter of the
subject comprises filtering at least the respective
components of the signal to separate a common
mode signal from a differential signal.

10. An apparatus as claimed in claim 9 wherein the dif-
ferential signal comprises information about the bi-
ometric parameter.

11. An apparatus as claimed in any of claims 9 to 10
wherein the respective components of the signal are
filtered at a frequency corresponding to a frequency
at which the spectral and spatial distributions of light
are alternated.

12. An apparatus as claimed in any preceding claim
wherein the emitter of the first spectral and spatial
distribution of light and the emitter of the at least one
other spectral and spatial distribution of light are con-
trolled so that a similar power level is incident on the
broadband detector for both of the spectral and spa-
tial distributions of light.

13. A method comprising:

obtaining a signal from a broadband detector in
response to light that has been propagated
through a subject being incident on the broad-
band detector, wherein the signal comprises at
least a first component and a second component
where the first component is provided in re-
sponse to a first spectral and spatial distribution
of light being incident on the broadband detector
and the second component is provided in re-
sponse to at least one other spectral and spatial
distribution of light being incident on the broad-
band detector and wherein an emitter of the first
spectral and spatial distribution of light and an
emitter of the at least one other spectral and
spatial distribution of light are controlled so that
the first spectral and spatial distribution of light
and the at least one other spectral and spatial
distribution light have a similar dependency to
motion artefacts but a different dependency to
a biometric parameter; and
processing the first component and the second
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component of the obtained signal to enable the
biometric parameter of the subject to be deter-
mined.

14. A computer program comprising computer program
instructions that, when executed by processing cir-
cuitry, cause:

obtaining a signal from a broadband detector in
response to light that has been propagated
through a subject being incident on the broad-
band detector, wherein the signal comprises at
least a first component and a second component
where the first component is provided in re-
sponse to a first spectral and spatial distribution
of light being incident on the broadband detector
and the second component is provided in re-
sponse to at least one other spectral and spatial
distribution of light being incident on the broad-
band detector and wherein an emitter of the first
spectral and spatial distribution of light and an
emitter of the at least one other spectral and
spatial distribution of light are controlled so that
the first spectral and spatial distribution of light
and the at least one other spectral and spatial
distribution light have a similar dependency to
motion artefacts but a different dependency to
a biometric parameter; and
processing the first component and the second
component of the obtained signal to enable the
biometric parameter of the subject to be deter-
mined.

15. A system comprising:

at least a first emitter configured to emit light of
a first spectral and spatial distribution;
at least a second emitter configured to emit light
of a second spectral and spatial distribution;
at least one broadband detector configured to
detect at least the first spectral and spatial dis-
tribution of light and the second spectral and
spatial distribution of light after the respective
spectral and spatial distributions of light have
propagated through a subject such that the de-
tected signals enable a biometric parameter of
the subject to be determined; and
control means configured to control the emis-
sion of the first spectral and spatial distribution
of light and the second spectral and spatial dis-
tribution of light so that they are incident on the
broadband detector at different times;
wherein the first emitter and the second emitter
are controlled so that the first spectral and spa-
tial distribution of light and the second spectral
and spatial distribution of light have a similar de-
pendency to motion artefacts but a different de-
pendency to the biometric parameter.
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摘要(译)

本公开的示例涉及用于确定生物统计参数的设备，方法和计算机程序。 
该装置包括用于：响应于已经传播通过入射在宽带检测器上的对象的光
而从宽带检测器获得信号的装置。 所获得的信号至少包括第一分量和第
二分量。 响应入射在宽带检测器上的光的第一光谱和空间分布来提供第
一组件，以及响应入射在宽带检测器上的光的至少一个其他光谱和空间
分布来提供第一组件。 控制光的第一光谱和空间分布的发射器以及光的
至少另一个光谱和空间分布的发射器，以使光的第一光谱和空间分布以
及至少另一个光谱和空间分布光具有 对运动伪像的依赖性相似，但对生
物统计参数的依赖性不同。 该设备还具有用于处理所获得的信号的第一
分量和第二分量以使得能够确定对象的生物统计参数的装置。
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