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(54) A METHOD, APPARATUS AND COMPUTER PROGRAM FOR SYNCHRONIZING 
BIOPOTENTIAL SIGNALS

(57) A method, apparatus and computer program,
the method comprising: receiving a first biopotential sig-
nal obtained by a first capacitive sensor; receiving a sec-
ond biopotential signal obtained by a second capacitive
sensor, the first capacitive sensor and the second capac-
itive sensor being positioned at different locations on a
subject; synchronising biopotential signals obtained by
the first capacitive sensor and the second capacitive sen-

sor by applying a time adjustment to biopotential signals
obtained by at least one of the first capacitive sensor or
the second capacitive sensor; wherein features in at least
one of the first biopotential signal and the second biopo-
tential signal are used to synchronise the biopotential
signals obtained by the first capacitive sensor and the
second capacitive sensor.



EP 3 476 288 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

TECHNOLOGICAL FIELD

[0001] Examples of the disclosure relate to a method,
apparatus and computer program for synchronizing bio-
potential signals. In particular they relate to a method,
apparatus and computer program for synchronizing bio-
potential signals obtained by a plurality of capacitive sen-
sors.

BACKGROUND

[0002] Capacitive sensors can be used to detect bio-
potential signals such as ECG (electrocardiogram) or
EEG (electroencephalogram) signals. Such sensing sys-
tems may comprise a plurality of sensors which may be
positioned at different locations on a subject’s body.

BRIEF SUMMARY

[0003] According to various, but not necessarily all, ex-
amples of the disclosure there may be provided a method
comprising: receiving a first biopotential signal obtained
by a first capacitive sensor; receiving a second biopoten-
tial signal obtained by a second capacitive sensor, the
first capacitive sensor and the second capacitive sensor
being positioned at different locations on a subject; syn-
chronising biopotential signals obtained by the first ca-
pacitive sensor and the second capacitive sensor by ap-
plying a time adjustment to biopotential signals obtained
by at least one of the first capacitive sensor or the second
capacitive sensor; wherein features in at least one of the
first biopotential signal and the second biopotential signal
are used to synchronise the biopotential signals obtained
by the first capacitive sensor and the second capacitive
sensor.
[0004] Synchronising the biopotential signals may
comprise determining a delay between the first biopoten-
tial signal and the second biopotential signal.
[0005] Synchronising the biopotential signals may
comprise combining the first biopotential signal and the
second biopotential signal and adjusting the time align-
ment of the biopotential signals to provide a combined
signal comprising features. The method may comprise
using a machine learning process to recognise the iden-
tifiable features.
[0006] The biopotential signals that are synchronised
may comprise the first biopotential signal and the second
biopotential signal.
[0007] The biopotential signals that are synchronised
comprise further biopotential signals detected by the first
capacitive sensor and the second capacitive sensor. The
first biopotential signal and the second biopotential signal
may comprise information indicative of a first type of bi-
opotential and the further biopotential signals detected
by the first capacitive sensor and the second capacitive
sensor comprise information indicative of a second dif-

ferent type of biopotential. The first biopotential signal
and the second biopotential signal may comprise elec-
trocardiogram signals and the further biopotential signals
comprise at least one of; electroencephalogram signals ,
electro-oculogram signals, electronystagmogram sig-
nals, electromyogram signals, electroneurogram sig-
nals, or skin potentials.
[0008] The method may comprise causing processing
of the synchronised biopotential signals wherein the
processing comprises at least one of; removing noise
from one or more of the biopotential signals, reconstruct-
ing at least part of the one or more biopotential signals.
The machine learning process may be used to recon-
struct at least part of the one or more biopotential signals.
[0009] The biopotential signals obtained by the first ca-
pacitive sensor and the second capacitive sensor may
be received via wireless communication links.
[0010] The biopotential signals may be obtained from
more than two capacitive sensors
[0011] The method may comprise providing a control
signal for at least one of the capacitive sensors wherein
the control signal causes the at least one capacitive sen-
sor to be active for a first time period and inactive for a
second time period.
[0012] The method may comprise providing control
signals to the capacitive sensors so that different capac-
itive sensors are arranged to detect the biopotentials at
different times.
[0013] According to various, but not necessarily all, ex-
amples of the disclosure there may be provided an ap-
paratus comprising: means for receiving a first biopoten-
tial signal obtained by a first capacitive sensor; means
for receiving a second biopotential signal obtained by a
second capacitive sensor, the first capacitive sensor and
the second capacitive sensor being positioned at differ-
ent locations on a subject; means for synchronising bio-
potential signals obtained by the first capacitive sensor
and the second capacitive sensor by applying a time ad-
justment to biopotential signals obtained by at least one
of the first capacitive sensor or the second capacitive
sensor; wherein features in at least one of the first bio-
potential signal and the second biopotential signal are
used to synchronise the biopotential signals obtained by
the first capacitive sensor and the second capacitive sen-
sor.
[0014] According to various, but not necessarily all, ex-
amples of the disclosure there may be provided an ap-
paratus 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: re-
ceive a first biopotential signal obtained by a first capac-
itive sensor; receive a second biopotential signal ob-
tained by a second capacitive sensor, the first capacitive
sensor and the second capacitive sensor being posi-
tioned at different locations on a subject; synchronise
biopotential signals obtained by the first capacitive sen-
sor and the second capacitive sensor by applying a time
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adjustment to biopotential signals obtained by at least
one of the first capacitive sensor or the second capacitive
sensor; wherein features in at least one of the first bio-
potential signal and the second biopotential signal are
used to synchronise the biopotential signals obtained by
the first capacitive sensor and the second capacitive sen-
sor.
[0015] According to various, but not necessarily all, ex-
amples of the disclosure there may be provided a com-
puter program comprising computer program instruc-
tions that, when executed by processing circuitry, causes
receiving a first biopotential signal obtained by a first ca-
pacitive sensor; receiving a second biopotential signal
obtained by a second capacitive sensor, the first capac-
itive sensor and the second capacitive sensor being po-
sitioned at different locations on a subject; synchronising
biopotential signals obtained by the first capacitive sen-
sor and the second capacitive sensor by applying a time
adjustment to biopotential signals obtained by at least
one of the first capacitive sensor or the second capacitive
sensor; wherein features in at least one of the first bio-
potential signal and the second biopotential signal are
used to synchronise the biopotential signals obtained by
the first capacitive sensor and the second capacitive sen-
sor.
[0016] According to various, but not necessarily all, ex-
amples of the disclosure there are provided examples as
claimed in the appended claims.

BRIEF DESCRIPTION

[0017] For a better understanding of various examples
that are useful for understanding the detailed description,
reference will now be made by way of example only to
the accompanying drawings in which:

Fig. 1 illustrates an apparatus;
Fig. 2 illustrates a system;
Fig. 3 illustrates a method; and
Fig. 4 illustrates another method.

DETAILED DESCRIPTION

[0018] Examples of the disclosure relate to methods,
apparatus and computer programs which may be used
to synchronize biopotential signals obtained from capac-
itive electrodes. The methods, apparatus and computer
programs and computer programs can be used with wire-
less electrodes. The wireless electrodes may be easier
and more convenient to attach to a subject than elec-
trodes which are coupled together by one or more wires
or cables.
[0019] Fig. 1 schematically illustrates an apparatus 1
which may be used to implement examples of the disclo-
sure.
[0020] The apparatus 1 illustrated in Fig. 1 may be a
chip, a chip-set or any other suitable arrangement. In
some examples the apparatus 1 may be provided within

any suitable device such as a processing device or a
communications device.
[0021] The apparatus 1 comprises controlling circuitry
3. The controlling circuitry 3 may provide means for con-
trolling an electronic device such as processing device
or a communications device. The controlling circuitry 3
may also provide means for performing the methods, or
at least part of the methods, of examples of the disclo-
sure.
[0022] The controlling circuitry 3 comprises processing
circuitry 5 and memory circuitry 7. The processing cir-
cuitry 5 may be configured to read from and write to the
memory circuitry 7. The processing circuitry 5 may com-
prise one or more processors. The processing circuitry
5 may also comprise an output interface via which data
and/or commands are output by the processing circuitry
5 and an input interface via which data and/or commands
are input to the processing circuitry 5.
[0023] The memory circuitry 7 may be configured to
store a computer program 9 comprising computer pro-
gram instructions (computer program code 11) that con-
trols the operation of the apparatus 1 when loaded into
processing circuitry 5. The computer program instruc-
tions, of the computer program 9, provide the logic and
routines that enable the apparatus 1 to perform the ex-
ample methods described. The processing circuitry 5 by
reading the memory circuitry 7 is able to load and execute
the computer program 9.
[0024] In examples of the disclosure the memory cir-
cuitry 7 is arranged to store one or more databases 13.
The databases 13 may be used to store information that
can be used to enable a plurality of biopotential signals
to be synchronised. In some examples the databases 13
may comprise reference signals that can be compared
to biopotential signals obtained by a plurality of capacitive
electrodes to enable the biopotential signals to be syn-
chronised. The information stored in the databases 13
may comprise information which enables a machine
learning algorithm to be used to synchronise the biopo-
tential signals.
[0025] The computer program 9 may arrive at the ap-
paratus 1 via any suitable delivery mechanism. The de-
livery mechanism may be, for example, a non-transitory
computer-readable storage medium, a computer pro-
gram product, a memory device, a record medium such
as a compact disc read-only memory (CD-ROM) or digital
versatile disc (DVD), or an article of manufacture that
tangibly embodies the computer program. The delivery
mechanism may be a signal configured to reliably trans-
fer the computer program 9. The apparatus may propa-
gate or transmit the computer program 9 as a computer
data signal. In some examples the computer program
code 11 may be transmitted to the apparatus 1 using a
wireless protocol such as Bluetooth, Bluetooth Low En-
ergy, Bluetooth Smart, 6LoWPan (IPv6 over low power
personal area networks) ZigBee, ANT+, near field com-
munication (NFC), Radio frequency identification, wire-
less local area network (wireless LAN) or any other suit-
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able protocol.
[0026] Although the memory circuitry 7 is illustrated as
a single component in the figures it is to be appreciated
that it may be implemented as one or more separate com-
ponents some or all of which may be integrated/remov-
able and/or may provide permanent/semi-permanent/dy-
namic/cached storage.
[0027] Although the processing circuitry 5 is illustrated
as a single component in the figures it is to be appreciated
that it may be implemented as one or more separate com-
ponents some or all of which may be integrated/remov-
able.
[0028] 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, Reduced Instruc-
tion Set Computing (RISC) and sequential (Von Neu-
mann)/parallel architectures but also specialized circuits
such as field-programmable gate arrays (FPGA), appli-
cation-specific integrated 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.
[0029] As used in this application, the term "circuitry"
refers to all of the following:

(a) hardware-only circuit implementations (such as
implementations in only analog and/or digital circuit-
ry) and
(b) to combinations of circuits and software (and/or
firmware), such as (as applicable): (i) to a combina-
tion of processor(s) or (ii) to portions of proces-
sor(s)/software (including digital signal proces-
sor(s)), software, and memory(ies) that work togeth-
er to cause an apparatus, such as a mobile phone
or server, to perform various functions) and
(c) to circuits, such as a microprocessor(s) or a por-
tion of a microprocessor(s), that require software or
firmware for operation, even if the software or
firmware is not physically present.

[0030] 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" would also cover an implementation of merely
a processor (or multiple processors) or portion of a proc-
essor and its (or their) accompanying software and/or
firmware. The term "circuitry" would also cover, for ex-
ample and if applicable to the particular claim element,
a baseband integrated circuit or applications processor
integrated circuit for a mobile phone or a similar integrat-
ed circuit in a server, a cellular network device, or other

network device.
[0031] Fig. 2 schematically illustrates an example sys-
tem 21 which may be used to implement embodiments
of the disclosure. The example system 21 comprises a
processing device 23 and a plurality of capacitive sensors
29.
[0032] The processing device 23 comprises an appa-
ratus 1 comprising controlling circuitry 3 which may be
as described above. In the example of Fig. 2 the memory
circuitry 7 comprises a database 13. In other examples
one or more databases 13 may be stored in one or more
different devices. The processing device 23 may be ar-
ranged to communicate with the one or more different
devices so as to enable the one or more databases 13
to be accessed as needed.
[0033] The processing device 23 also comprises one
or more transceivers 25. In the example of Fig. 2 the
transceiver is shown as a single component. It is to be
appreciated that separate transmitters and receivers
may be provided in some processing devices 23 in other
examples of the disclosure.
[0034] The transceiver 25 may comprise any means
which enables a communication link 28 to be established
between the processing device 23 and the plurality of
capacitive sensors 29. The transceivers 25 may enable
wireless communication links to be established. The
wireless communication links could be any suitable type
of communication links such as Bluetooth, Bluetooth Low
Energy, Bluetooth Smart, 6LoWPan (IPv6 over low power
personal area networks) ZigBee, ANT+, Radio frequency
identification, wireless local area network (wireless LAN)
or any other suitable types of wireless communication
links.
[0035] The system 21 also comprises a plurality of ca-
pacitive sensors 29. In the example of Fig. 2 two elec-
trodes are shown however it is to be appreciated that any
number of capacitive sensors 29 could be used in other
examples of the disclosure.
[0036] The capacitive sensors 29 are positioned on the
body of a subject 27. In the example of Fig, 2 the subject
27 is a person however examples of the disclosure could
also be used for animals. The capacitive sensors 29 may
be positioned on any suitable location on the subject 27.
The location of the capacitive sensors 29 may be deter-
mined by the biopotential signals that the capacitive sen-
sors 29 are arranged to detect. For instance, where the
capacitive sensors 29 are arranged to detect an ECG
signal the capacitive sensors 29 may be positioned on
the subject’s 27 chest and where the capacitive sensors
29 are arranged to detect an EEG signal the capacitive
sensors 29 may be positioned on the subject’s 27 head.
[0037] The capacitive sensors 29 may comprise any
means which may be arranged to capacitively sense a
biopotential signal from the subject’s body. The capaci-
tive sensors 29 may be arranged so that the conductive
portions of the capacitive sensors 29 are not in direct
electrical contact with the subject’s body.
[0038] The capacitive sensors 29 may be wireless ca-
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pacitive sensors 29. In examples of the disclosure there
might be no cables or wires between any of the capacitive
sensors 29 on the subject 27. Each of the plurality of
capacitive sensors 29 may therefore be standalone ca-
pacitive sensors 29 which can operate independently so
that each capacitive sensor 29 measures a biopotential
signal independently of the other capacitive sensors 29.
[0039] The capacitive sensors 29 may also comprise
one or more transceivers which enable the capacitive
sensors 29 to establish a wireless communication link
between the capacitive sensors 29 and the processing
device 23. This enables the system 21 to be arranged
without any wires or cables needed to connect the ca-
pacitive sensors 29 and processing device 23 together.
This may make the system 21 easier and more conven-
ient to use as there are no cables which might restrict
the possible positions of the capacitive sensors 29. In
other examples a partially wired system 21 may be used.
The partially wired system 21 may comprise some wires
connecting one or more of the sensors 29 to other com-
ponents within the system 21. The partially wired system
21 might not comprise any wires directly between sen-
sors 21.
[0040] The biopotential signals that are measured by
the capacitive sensors 29 may comprise any time varying
electrical signal that is generated by the subject 27. The
biopotential signal may comprise an autonomic signal.
The autonomic signal may be controlled subconsciously
by the subject 27. In some examples the biopotential sig-
nals may comprise electrical signals that are generated
within the subject’s body by the user’s heartbeat. In some
examples the biopotental signals could comprise electri-
cal activity of the user’s brain or other parts of their nerv-
ous system. The biopotential signal could comprise at
least one of an electrocardiogram signal, electroen-
cephalogram signal, electromyogram signal, electrooc-
ulogram signal, electrogastrogram signal, electonystag-
mogram signal, skin potential signal or any other suitable
biopotential signal.
[0041] In the example system 21 of Fig. 2 the process-
ing device 23 has established a communication link 28
directly with each of the capacitive sensors 29. In this
example there are no intervening elements between the
capacitive sensors 29 and the processing device 23. In
other examples, one or more additional devices could be
provided between the capacitive sensors 29 and the
processing device 23. For instance the system could
comprise a communication device. The capacitive sen-
sors 29 may be arranged to transmit the biopotential sig-
nals to the communication device via any suitable means.
The communication device could then transmit the bio-
potential signals to the processing device 23.
[0042] In the example of Fig. 2 the processing device
23 is provided as a separate device to any of the sensors
29. Each of the sensors 29 is arranged to provide signals
to the processing device 23 via the communication link
28. In other examples one or more sensors 29 could be
provided within the processing device 23. In such exam-

ples the sensors 29 which are not part of the processing
device 23 may provide signals via a communication link
28 while the sensors 29 which are provided within the
processing device 23 do not need such a communication
link 28.
[0043] Fig. 3 illustrates a method for synchronizing bi-
opotential signals that are obtained using the capacitive
sensors 29. The method may be implemented using ap-
paratus 1 and systems 21 as described above. In some
examples the method may be performed by a single
processing device 23. In other examples the method mat
be performed by two or more distributed processing de-
vices 23.
[0044] The method comprises receiving, at block 31,
a first biopotential signal obtained by a first capacitive
sensor 29 and at block 33, receiving a second biopoten-
tial signal obtained by a second capacitive sensor 29.
The first capacitive sensor 29 and the second capacitive
sensor 29 are positioned at different locations on a sub-
ject 27.
[0045] The first capacitive sensor 29 and the second
capacitive sensor 29 may be operating independently of
each other. There might be no wires or cables connecting
the respective capacitive sensors 29. The capacitive sen-
sors 29 may be arranged to communicate with the
processing device 23 however the capacitive sensors 29
may be arranged so that there is no direct communication
between the capacitive sensors 29 themselves.
[0046] In examples of the disclosure the biopotential
signals obtained by the first capacitive sensor 29 and the
second capacitive sensor 29 are received via wireless
communication links 28. In examples of the disclosure
the processing device 23 may establish a separate com-
munication link 28 with each of the capacitive sensors
29. This may ensure that the respective capacitive sen-
sors 29 can operate independently of each other.
[0047] At block 35 the method comprises synchronis-
ing biopotential signals obtained by the first capacitive
sensor 29 and the second capacitive sensor 29 by ap-
plying a time adjustment to biopotential signals obtained
by at least one of the first capacitive sensor 29 or the
second capacitive sensor 29. Features in at least one of
the first biopotential signal and the second biopotential
signal are used to synchronise the biopotential signals
obtained by the first capacitive sensor 29 and the second
capacitive sensor 29.
[0048] Other suitable processes may be used to syn-
chronise the biopotential signals. In some examples syn-
chronising the biopotential signals comprises determin-
ing a delay between the first biopotential signal and the
second biopotential signal. In such examples the delay
may be calculated or estimated and information indica-
tive of the delay may be stored in the memory circuitry
7. The information indicative of the delay can then be
retrieved when needed to synchronise biopotential sig-
nals obtained by the capacitive sensors 29.
[0049] Other suitable methods may be used to deter-
mine the delay between the respective biopotential sig-
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nals. In some examples the process of determining the
delay may comprise cross collating the respective bio-
potential signals and comparing the delay between fea-
tures in the signals. The features could comprise features
of the biopotential signals. For example they could com-
prise the distinctive maxima and minima of an ECG sig-
nal. In some examples the features could comprise noise
that is present in all of the bio potential signals obtained
by the capacitive sensors 29.
[0050] In some examples the biopotential signals could
be synchronised without explicitly calculating or estimat-
ing the delay. For instance, in some examples synchro-
nising the biopotential signals comprises combining the
first biopotential signal and the second biopotential signal
and adjusting the time alignment of the biopotential sig-
nals to provide a combined signal comprising identifiable
features. The identifiable features may comprise any fea-
tures within the signals that can be recognised by the
processing circuitry 5. For example, the identifiable fea-
tures may comprise any suitable patterns, shape or se-
quences within the biopotential signals
[0051] In such examples a machine learning process
may be used to recognise the identifiable features. The
machine learning process may comprise retrieving infor-
mation stored in one or more databases 13 and compar-
ing the combined biopotential signals with the retrieved
information. The combined biopotential signals may be
considered to be synchronised when the combined sig-
nals correspond to the retrieved information. The com-
bined biopotential signals may correspond to the re-
trieved information when one or more identifiable fea-
tures in the combined signals match, or are similar to
features from signals stored in the database 13.
[0052] In some examples the biopotential signals that
are synchronised comprise the first biopotential signal
and the second biopotential signal. For instance the first
biopotential signal and the second biopotential signal
may be stored in the memory circuitry and may be syn-
chronised by the processing device 23. The synchroni-
sation may be performed in real time. For example, it
may be performed by the processing device 23 while the
capacitive sensors 29 are obtaining biopotential signals
from the user and transmitting these to the processing
device 23. This may enable the synchronised output sig-
nals to be provided immediately or with a very small de-
lay. In other examples the synchronisation may be per-
formed at a later time.
[0053] In some examples the biopotential signals that
are synchronised comprise further biopotential signals
detected by the first capacitive sensor 29 and the second
capacitive sensor 29. For example, the first biopotential
signal and the second biopotential signal may be used
to calibrate the system 21 and determine how the syn-
chronisation should be performed. Once the system 21
has been calibrated the capacitive sensors 29 may then
be used to obtain further biopotential signals which can
then be synchronised as required.
[0054] In some examples one or more of the capacitive

sensors 29 may be moved between the block 31 of ob-
taining the calibration biopotential signals and the block
33 of obtaining the further biopotential signals. For in-
stance, to obtain the calibration biopotential signals the
capacitive sensors 29 may be positioned on the torso of
a subject 27 and then the capacitive sensor 29 could be
positioned on the subject’s 27 head to obtain the further
biopotential signals.
[0055] In some examples the calibration biopotential
signals and the further biopotential signals may comprise
information about different types of biopotentials. In some
examples the calibration biopotential signals may com-
prise signals that comprise distinctive features that can
be easily recognised by the processing circuitry 5 while
the further biopotential signals may comprise features
that are not as easily recognised by the processing cir-
cuitry 5. For instance the first biopotential signal and the
second biopotential signal that are used as the calibration
signals could comprise ECG signals and the further bio-
potential signals could comprise electrooculogram
(EOG) signals or vice versa. It is to be appreciated that
other types of biopotential signals could be used in other
examples of the disclosure. Other types of biopotential
signals could comprise electroencephalogram signals,
electronystagmogram signals, electromyogram signals,
electroneurogram signals, or skin potentials or other
types of signals.
[0056] In some examples of the disclosure once the
biopotential signals have been synchronised they may
be processed. The processing may be performed by the
processing circuitry 5 of the processing device 23. In
some examples the biopotential signals may be trans-
mitted to one or more other processing devices 23 to
enable the processing to be performed. The processing
may comprise removing noise from one or more of the
biopotential signals and/or reconstructing at least part of
the one or more biopotential signals and/or any other
suitable processing.
[0057] The reconstruction of the biopotential signals
may comprise any suitable method which enables a par-
tial signal to be reconstructed. In some examples a ma-
chine learning process may be used to enable the recon-
struction of at least part of the biopotential signals. In
such examples the processing circuitry 5 may use signals
that are stored in the database 13 to enable the missing
segments of the obtained biopotential signals to be iden-
tified and reconstructed.
[0058] In some examples the processing of the biopo-
tential signals may enable feedback to be provided to the
subject 27 or another user of the system 21 such as a
medical professional. For instance, if the biopotential sig-
nals comprise information indicative of the user’s heart
rate then the processing of the signal may enable infor-
mation indicative of the heart rate to be provided. In some
examples the system 21 may be arranged to give a warn-
ing output if the heart rate drops outside of a threshold
frequency band.
[0059] In the example method described above the
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method comprises receiving two biopotential signals
from two capacitive sensors 29. It is to be appreciated
that in implementations of the disclosure the method may
comprise receiving the biopotential signals from more
than two capacitive sensors 29. For example a plurality
of capacitive sensors 29 may be positioned at a plurality
of different locations on the subject 27. Each of the ca-
pacitive sensors 29 may be operating independently of
the other capacitive sensors 29 so that there is no direct
communication between any of the capacitive sensors
29.
[0060] In some examples one or more of the capacitive
sensors 29 may act as a gateway for one or more other
capacitive sensors 29 within the system 21. For example
a communication link may be established between a first
capacitive sensor 29 and a second capacitive sensor 29.
This may enable information to be provided from the first
capacitive sensor 29 to the second capacitive sensor 29.
The second capacitive sensor 29 may then use a com-
munication link 28 to transmit the information to a
processing device 23.
[0061] In some examples the processing device 23
may be arranged to provide control signals to one or more
of the capacitive sensors 29. The processing device 23
may provide the control signals via the wireless commu-
nication links 28. The control signals may control the time
periods for which the capacitive sensors 29 are active.
This may enable different capacitive sensors 29 to be
active for different time periods. For example a first con-
trol signal, provided to a first capacitive sensor 29, may
cause the first capacitive sensor 29 to be active for a first
time period and inactive for a second time period while
a second control signal, provided to a second capacitive
sensor 29, may cause the second capacitive sensor 29
to be inactive for the first time period and active for the
second time period. This enables different capacitive
sensors 29 to detect the biopotential signals at different
times. In such examples a machine learning algorithm
may be used to reconstruct the signals to correct for the
time periods where the capacitive sensors 29 are inac-
tive.
[0062] Having different capacitive sensors 29 active at
different times may provide for a more efficient sensing
system 21 because it reduces the power requirements
of the system. Having reduced power requirements may
also enable the capacitive sensors 29 to be worn for a
longer period of time and so may enable the information
about the biopotential signals to be obtained over longer
periods of time. This may also reduce the amount of data
that is collected and so reduces the bandwidth required
for the communication links 28 and may reduce the
processing requirements and/or memory requirements
for the processing device 23.
[0063] In some examples the control signals may also
allow for adaptive operation of the capacitive sensors 29.
For example, the processing device 23 may be arranged
to determine optimal operating variables for the capaci-
tive sensors 29 and transmit these to the capacitive sen-

sors 29 via the communication links 28. The operative
variables that are controlled by the control signals could
comprise the filters used, the gain applied or any other
suitable variables.
[0064] Fig. 4 illustrates another method which may be
implemented using apparatus 1 and systems 21 as de-
scribed.
[0065] At block 41 a plurality of biopotential signals are
received. In the example method of Fig. 4 n biopotential
signals are received. The n biopotential signals may be
received from n capacitive sensors 29 which may be as
described above. Each of the biopotential signals may
comprise time as one of the dimensions.
[0066] At block 43 the method comprises synchroniz-
ing the received biopotential signals. The received bio-
potential signals could be synchronized using any suita-
ble method. In the example method of Fig. 4 the biopo-
tential signals may be synchronized by extracting fea-
tures in the received biopotential signals and using these
extracted features to determine the time delay. The bio-
potential signals can then be synchronized by adding the
suitable delay to the respective biopotential signals.
[0067] At block 45 the method comprises dimension-
ality reduction. The dimensionality reduction may ensure
that the dimensionality of the output signals is fixed for
any number of input biopotential signals. The dimension-
ality reduction may be implemented using principal com-
ponents analysis, independent components analysis,
singular value decomposition, machine learning or any
other suitable process.
[0068] At block 47 the synchronized biopotential sig-
nals are processed.
[0069] In some examples the processing performed at
block 47 comprises reducing the noise in the synchro-
nized biopotential signal. The noise that is present in the
received biopotential signals could comprise noise
caused by internal sources and/or noise caused by ex-
ternal sources. The internal sources may be internal to
the body of the subject 27. The internal sources of noise
could be caused by motion of the subject 27, muscle
signals, poor electrical connection between the capaci-
tive sensors 29 and the subject 27 or any other suitable
source. The external sources of noise could be caused
by powerline noise or any other suitable source.
[0070] In the example method of Fig. 4 the processing
may comprise machine learning processes. In such ex-
amples the machine learning process may enable the
biopotential signals to be retrieved from noisy and/or par-
tial signals. This may require machine learning informa-
tion to be obtained from one or more databases 13. The
machine learning information 48 that is retrieved from
the one or more databases may comprise information 48
that has been obtained from a plurality of subjects 27. In
some examples the machine learning information 48 may
comprise a high quality signal. The high quality signal
could be obtained using a different system 21 to the one
used to obtain the biopotential signals in examples of the
disclosure. The high quality signal could be obtained us-
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ing a more reliable and less noisy system. The informa-
tion from the high quality signals can be used to recon-
struct the noisy and/or partial biosignals obtained from
the capacitive sensors 29.
[0071] In some examples the machine learning infor-
mation 48 may be obtained from the same subject 27
being currently monitored. In some examples the ma-
chine learning information 48 could also comprise, or al-
ternatively comprises, data obtained from one or more
other subjects. The machine learning information 48 may
be determined by using corresponding pairs of input sig-
nal and output signal examples to obtain a generalized
mapping between them.
[0072] The machine learning process may be imple-
mented using fully connected, recurrent or one dimen-
sional convolutional neural network or by using support
vector machines using features obtained by discrete co-
sine transforms, fast Fourier transforms or wavelets or
by using any other suitable process.
[0073] For instance deep convolutional neural net-
works can be used as a model between input signals and
output signals. The machine learning can be trained us-
ing any variant of stochastic gradient descent, where ran-
dom corresponding pairs of input and output data are
shown sequentially to the machine learning training proc-
ess.
[0074] The machine learning training process then
computes a predicted output and error between predicted
output and target output. In some examples error gradi-
ents may then be computed with regards to the neural
networks weights, and then the weights are adjusted in
order to minimize the error between target output and
the predicted output. The machine learning training proc-
ess continues until the model converges or some other
external criteria is met. After training, the machine learn-
ing process can be used for prediction.
[0075] In some examples the machine learning proc-
ess may also comprise calculating a confidence esti-
mate. This may provide an indication of the amount of
error in the processed signal.
[0076] At block 49 an output signal is obtained. In some
examples the output signal is the synchronized biopo-
tential signals. In other examples the output signals may
comprise a signal derived from the synchronized biopo-
tential signals. For example, the input biopotential signal
could comprise an ECG signal and the output signal could
comprise the subject’s heart rate or heart rate variability.
[0077] In the described examples each of the capaci-
tive sensors 29 may have the same clock speed, how-
ever, as the capacitive sensors 29 are operating inde-
pendently of each other different capacitive sensors 29
may have different reference times. The above described
examples enable the reference times to be synchronised
by post-processing. In other examples the capacitive
sensors 29 could have different clock speeds. In such
examples additional processes may be used to account
for the differences in clock speeds. For examples, dy-
namic time warping distance based methods or machine

learning processes may be used to enable the time align-
ment between the different capacitive sensors 29.
[0078] A technical effect of one or more examples de-
scribed herein is providing a wireless system 21 which
can be used to monitor biopotential signals from a sub-
ject. As the system is wireless 21 this means that the
capacitive sensors 29 can be positioned on any suitable
location on the subject. This may enable different types
of biopotential signals to be monitored. This may also
allow freedom of movement for the subject 27 while the
biopotential signals are being measured.
[0079] Examples of the disclosure may also enable dif-
ferent types of data to be extracted from biopotential sig-
nals. For instance in some examples it may enable both
ECG and EOG data to be extracted from the same bio-
potential signals. This may allow for improved medical
diagnostics which may reduce the number of capacitive
sensors 29 needed and/or the amount of tests that are
required on the subject 27.
[0080] In this description the term coupled means op-
erationally coupled and any number or combination of
intervening elements can exist between coupled compo-
nents (including no intervening elements).
[0081] 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".
[0082] In this brief description, reference has been
made to various examples. The description of features
or functions in relation to an example indicates that those
features or functions are present in that example. The
use of the term "example" or "for example" 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" 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 subclass 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 but does not necessarily have to be used in that
other example.
[0083] Although embodiments of the present invention
have been described in the preceding paragraphs with
reference to various examples, it should be appreciated
that modifications to the examples given can be made
without departing from the scope of the invention as
claimed.
[0084] Features described in the preceding description
may be used in combinations other than the combina-
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tions explicitly described.
[0085] Although functions have been described with
reference to certain features, those functions may be per-
formable by other features whether described or not.
[0086] Although features have been described with ref-
erence to certain embodiments, those features may also
be present in other embodiments whether described or
not.
[0087] Whilst endeavoring in the foregoing specifica-
tion to draw attention to those features of the invention
believed to be of particular importance it should be un-
derstood that the Applicant claims protection in respect
of any patentable feature or combination of features here-
inbefore referred to and/or shown in the drawings wheth-
er or not particular emphasis has been placed thereon.

Claims

1. A method comprising:

receiving a first biopotential signal obtained by
a first capacitive sensor;
receiving a second biopotential signal obtained
by a second capacitive sensor, the first capaci-
tive sensor and the second capacitive sensor
being positioned at different locations on a sub-
ject;
synchronising biopotential signals obtained by
the first capacitive sensor and the second ca-
pacitive sensor by applying a time adjustment
to biopotential signals obtained by at least one
of the first capacitive sensor or the second ca-
pacitive sensor;
wherein features in at least one of the first bio-
potential signal and the second biopotential sig-
nal are used to synchronise the biopotential sig-
nals obtained by the first capacitive sensor and
the second capacitive sensor.

2. A method as claimed in claim 1 wherein synchronis-
ing the biopotential signals comprises determining a
delay between the first biopotential signal and the
second biopotential signal.

3. A method as claimed in claim 1 wherein synchronis-
ing the biopotential signals comprises combining the
first biopotential signal and the second biopotential
signal and adjusting the time alignment of the bio-
potential signals to provide a combined signal com-
prising features.

4. A method as claimed in claim 3 comprising using a
machine learning process to recognise the features.

5. A method as claimed in any preceding claim wherein
the biopotential signals that are synchronised com-
prise the first biopotential signal and the second bi-

opotential signal.

6. A method as claimed in any preceding claim wherein
the biopotential signals that are synchronised com-
prise further biopotential signals detected by the first
capacitive sensor and the second capacitive sensor.

7. A method as claimed in claim 6 wherein the first bi-
opotential signal and the second biopotential signal
comprise information indicative of a first type of bio-
potential and the further biopotential signals detect-
ed by the first capacitive sensor and the second ca-
pacitive sensor comprise information indicative of a
second different type of biopotential.

8. A method as claimed in claim 7 wherein the first bi-
opotential signal and the second biopotential signal
comprise electrocardiogram signals and the further
biopotential signals comprise at least one of; elec-
troencephalogram signals , electro-oculogram sig-
nals, electronystagmogram signals, electromyo-
gram signals, electroneurogram signals, or skin po-
tentials.

9. A method as claimed in any preceding claim com-
prising causing processing of the synchronised bio-
potential signals wherein the processing comprises
at least one of; removing noise from one or more of
the biopotential signals, reconstructing at least part
of the one or more biopotential signals.

10. A method as claimed in claim 9 wherein a machine
learning process is used to reconstruct at least part
of the one or more biopotential signals.

11. A method as claimed in any preceding claim wherein
the biopotential signals obtained by the first capac-
itive sensor and the second capacitive sensor are
received via wireless communication links.

12. A method as claimed in any preceding claim wherein
the biopotential signals are obtained from more than
two capacitive sensors

13. A method as claimed in any preceding claim com-
prising providing a control signal for at least one of
the capacitive sensors wherein the control signal
causes the at least one capacitive sensor to be active
for a first time period and inactive for a second time
period.

14. A method as claimed in any preceding claim com-
prising providing control signals to the capacitive
sensors so that different capacitive sensors are ar-
ranged to detect the biopotentials at different times.

15. An apparatus comprising means for performing the
methods of any preceding claim and/or a computer
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program comprising computer program instructions
that, when executed by processing circuitry, causes
the methods of any preceding claim.
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