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(57)  An apparatus and sensing system wherein the
apparatus comprises: sensing means configured to
sense a parameter; optical output means configured to
provide an optical output signal indicative of data ob-
tained by the sensing means; optical input means con-
figured to receive an optical input signal and convert the
optical input signal to electrical power; and storage
means configured to store the electrical power obtained

by the optical input means and enable the power to be
provided to the sensing means and the optical output
means; and wherein the optical output means comprises
one or more light emitting diodes and optical coupling
means where the optical coupling means are configured
to couple the apparatus to a processing device to enable
data obtained by the sensing means to be transmitted to
the processing device
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Description
TECHNOLOGICAL FIELD

[0001] Examples of the disclosure relate to a sensing
apparatus and system. In particular, they relate to a sens-
ing apparatus and system which can be worn by a sub-
ject.

BACKGROUND

[0002] Apparatus that can be used for sensing are
known. Such apparatus could be wearable apparatus
that may be worn by the subject. This may enable pa-
rameters such as the temperature of the subject, the hu-
midity of the subject’s skin, the presence of chemicals or
analytes in the environment around the subject, or any
other suitable parameters to be monitored for extended
periods of time.

BRIEF SUMMARY

[0003] Accordingto various, but not necessarily all, ex-
amples of the disclosure there is provided an apparatus
comprising: sensing means configured to sense one or
more parameters; optical output means configured to
provide an optical output signal indicative of data ob-
tained by the sensing means; optical input means con-
figured to receive an optical input signal and convert the
optical input signal to electrical power; and storage
means configured to store the electrical power obtained
by the optical input means and enable the power to be
provided to the sensing means and the optical output
means; wherein the optical output means comprises one
or more light emitting diodes and optical coupling means
where the optical coupling means are configured to cou-
ple the apparatus to a processing device to enable data
obtained by the sensing means to be transmitted to the
processing device.

[0004] The optical input means may comprise one or
more photodiodes and optical coupling means where the
optical coupling means are configured to enable light
from a processing device to be detected by the one or
more photodiodes.

[0005] The optical coupling means may comprise at
least one bi-directional light guide.

[0006] There might be no direct electrical connection
between the apparatus and the processing device.
[0007] The apparatus may be thermally insulated from
the processing device.

[0008] The apparatus may be comprised within a sep-
arate device to the processing device.

[0009] The sensing means may comprise digital sens-
ing means configured to provide a digital output. The op-
tical coupling means may be configured to receive a con-
trol signal from the processing device to control the digital
sensing means.

[0010] The apparatus may comprise voltage to time
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conversion means configured to convert an analogue
output of the sensing means to a digital output.

[0011] The storage means may comprise a super ca-
pacitor.

[0012] The sensing means may comprise temperature
sensing means.

[0013] The temperature sensing means may be ther-
mally insulated from the optical output means and the
optical input means.

[0014] The apparatus may be comprised within awear-
able device.

[0015] The sensing means may be configured to di-
rectly contact a subject in use.

[0016] The optical coupling means may comprise a first
optical coupling means and a second optical coupling
means; wherein the first optical coupling means are con-
figured to enable the data obtained by the sensing means
to be transmitted to the processing device; and wherein
the second optical coupling means are configured to en-
able the light from the processing device to be detected
by the one or more photodiodes.

[0017] Accordingto various, but not necessarily all, ex-
amples of the disclosure there is provided a sensing sys-
tem comprising an apparatus described above and a
processing device.

[0018] The processing device may be comprised with-
in a wearable device.

[0019] Accordingto various, but not necessarily all, ex-
amples of the disclosure there is provided an apparatus
comprising: one or more sensors configured to sense a
parameter; an optical output configured to provide an op-
tical output signal indicative of data obtained by the one
or more sensors; an optical input configured to receive
anoptical inputsignaland convertthe opticalinput means
to electrical power; and a power source configured to
store the electrical power obtained by the optical input
and enable the power to be provided to the one or more
sensors and the optical output; wherein the optical output
comprises one or more light emitting diodes and one or
more optical coupling components where the optical cou-
pling components are configured to couple the apparatus
to a processing device to enable data obtained by the
one or more sensors to be transmitted to the processing
device.

[0020] Accordingto various, but not necessarily all, ex-
amples of the disclosure, there is provided examples as
claimed in the appended claims.

BRIEF DESCRIPTION

[0021] For a better understanding of various examples
thatare 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 components of an apparatus;
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Fig. 4 illustrates components of an apparatus; and
Fig. 5 illustrates a garment comprising a system.

DETAILED DESCRIPTION

[0022] Examples of the disclosure relate to a sensing
apparatus 1 and system 21. The sensing apparatus 1
can be worn by a subject. This could enable an accurate
measurement of parameters relating to the subject, such
as the subject’s temperature, to be made. In examples
of the disclosure the sensing apparatus 1 is configured
to send data to a processing device 23 via an optical
output5. The sensing apparatus 1 may also obtain power
and/or control signals, from the processing device 23,
via an opticalinput 7. This enables the sensing apparatus
1 to be thermally insulated from the processing device
23 because there is no need for any direct electrical con-
nection between the sensing apparatus 1 and the
processing device 23. This may improve the accuracy of
measurements made by the sensing apparatus 1.
[0023] Fig. 1 schematically illustrates an apparatus 1
according to examples of the disclosure. The apparatus
1 is a sensing apparatus 1. The apparatus 1 comprises
one or more sensors 3, an optical output 5, an optical
input 7 and a power source 9.

[0024] Theoneormore sensors 3 may provide sensing
means. The one or more sensors 3 may comprise any
means which may be configured to sense a parameter.
The sensors 3 may be configured to provide an electrical
output signal dependent upon the parameter.

[0025] Insome examplesthe parameter may comprise
a biometric parameter of a subject. The biometric param-
eter may comprise any time varying signal that is gener-
ated by the subject’s body. The biometric parameter may
comprise an autonomic parameter. The autonomic pa-
rameter may be controlled subconsciously by the subject.
The biometric parameters could comprises temperature,
humidity, blood oxygen levels, hear rate, audio signals,
pressure, presence of one or more analytes or any other
suitable parameters.

[0026] In some examples the parameter could com-
prise a parameter of the environment in which the subject
is located. For example, the parameter could comprise
the ambient temperature, the presence of humidity or
other chemicals, ambient light, electromagnetic radiation
levels, noise or any other suitable parameter.

[0027] In some examples the one or more sensors 3
may comprise one or more temperature sensors. The
one or more temperature sensors 3 could comprise any
suitable type of sensors. The one or more temperature
sensors 3 could comprise, thermistors, resistance tem-
perature detectors, diodes, an integrated thermometer
circuit, a digital thermometer configured to provide a dig-
ital output or any other suitable type of temperature sen-
sors. Other types of temperature sensors 3 could be used
in other examples of the disclosure.

[0028] In examples where the one or more sensors 3
provide an analogue output the apparatus1 may also
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comprise an analogue to digital converter. For example,
where the one or more sensors 3 comprises an integrated
thermometer circuit an analogue to digital converter may
be provided to enable a digital output comprising the data
obtained by the integrated thermometer circuit to be pro-
vided. The analogue to digital converter could be a volt-
age to time converter or any other suitable type of con-
verter. An example of a voltage to time converter that
could be used in some examples of the disclosure is
shown in Fig. 4.

[0029] The one or more sensors 3 are configured to
enable the parameters relating to a subject to be meas-
ured. The subject could be a person or animal who is
wearing the apparatus 1. The one or more sensors 3 may
may be positioned within the apparatus 1 so that when
a subject wears the apparatus 1 the one or more sensors
3 are positioned adjacent, or in close proximity to, the
skin of the subject. In some examples the one or more
sensors 3 may be positioned within the apparatus 1 so
that they are in direct contact with the skin of the subject.
This enables the one or more sensors 3 to directly contact
the subject when the apparatus 1 is in use.

[0030] In other cases a protective layer may be provid-
ed between the one or more sensors 3 and the skin of
the subject. The protective layer could be configured to
enable the parameter thatis to be sensed to pass through
the protective layer so that it can be sensed by the one
or more sensors 3. For example where the one or more
sensors 3 comprise a temperature sensor the protective
layer may be thermally conductive. Similarly, where the
one or more sensors 3 comprise a humidity sensor the
protective layer may be permeable to water.

[0031] The one or more sensors 3 are coupled to the
optical output 5. This may enable data obtained by the
one or more sensors 3 to be provided to the optical output
5.

[0032] The optical output 5 comprises means for con-
verting an electrical signal received from the one or more
sensors 3 into an optical output signal. The optical output
signal could comprise infrared light, light in the visible
range of the spectrum or light having any other suitable
frequency.

[0033] The optical output5 could comprise one or more
light emitting diodes and optical coupling means. The
optical coupling means comprises one or more optical
components that are configured to optically couple the
apparatus 1 to a processing device 23. This enables an
optical output signal that is transmitted by the apparatus
1 to be received by a processing device 23. This enables
data obtained by the one or more sensors 3 to be trans-
mitted to the processing device 23. An example process-
ing device 23 is shown in Fig. 2.

[0034] Theapparatus 1 also comprises an optical input
7. The optical input 7 comprises means for converting an
optical input signal into an electrical signal. The optical
input signal could be received from the processing device
23 or any other suitable device. The optical input 7 may
comprise control signals received from the processing
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device 23.

[0035] The optical input 7 may be coupled to the one
or more sensors 3 to enable a control signal received via
the optical input 7 to be provided to the one or more sen-
sors 3. The control signal may trigger the one or more
sensors 3 to make a reading. This may enable the one
or more sensors 3 to be remotely controlled by the
processing device 23 via the optical input 7.

[0036] The optical input 7 could comprise one or more
photodiodes and optical coupling means. The optical
coupling means comprises one or more optical compo-
nents that are configured to optically couple the appara-
tus 1 to a processing device 23. This enables an optical
output signal that is transmitted by the processing device
23 to be received by the apparatus 1. This enables data
from the processing device 23, or any other suitable de-
vice, to be detected by the one or more photodiodes.
[0037] In some examples the same optical coupling
means could be coupled to both the optical input 7 and
the optical output 5. In other examples a separate optical
coupling means could be provided for the optical output
5 and the optical input 7.

[0038] The power source 9 comprises storage means
for storing energy which may be used to power the ap-
paratus 1. The optical input 7 may also be coupled to the
power source 9. This may enable signals received via
the optical input 7 to be used to charge to power source
9. The power source 9 could be a low leakage capacitor,
a super capacitor or any other suitable energy storage
means.

[0039] The power source 9 is coupled to the one or
more sensors 3 and the optical output 5 to enable power
to be provided from the power source 9 to the one or
more sensors 3 and the optical output 5.

[0040] Theapparatus 1 may be provided within a wear-
able device. This could enable the apparatus 1to be used
for an extended period of time. For example the wearable
device could be worn for a period of hours of even days
and data relating to the subject and/or the environment
around the subject could be collected throughout that
time.

[0041] The wearable device could be attached to a
strap which could be wrapped around the torso, or any
other suitable part of the subject’s body. In some exam-
ples the apparatus 1 could be provided within a wearable
garment, such as a shirt, which could be worn by the
subject. In some examples the apparatus 1 could be de-
tached from the strap or garment in order to enable the
strap or garment to be washed or otherwise cleaned.
[0042] Insomeexamplesthe apparatus 1 could be pro-
vided within a sensing pad that could be adhered or oth-
erwise attached to the subject’s body. Other means for
enabling a subject to wear the apparatus 1, or attaching
the apparatus to a subject’s body, could be used in other
examples of the disclosure.

[0043] Itis to be appreciated that the apparatus 1 may
comprise additional components that are not shown in
Fig. 1. For example, the apparatus 1 could comprise one
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or more additional sensors which could be configured to
detect other biometric parameters such as heart rate, or
other parameters relating to the subject. This may enable
the same sensing apparatus 1 to be used to detect a
plurality of different parameters.

[0044] As mentioned above the optical output 5 ena-
bles the apparatus 1 to transmit data from the one or
more sensors 3 to a processing device 23. This may en-
able the processing device 23 to store the data obtained
from the one or more sensors 3 and/or perform process-
ing on the data. Fig. 2 illustrates an example sensing
system 21 comprising an apparatus 1, optical coupling
means 25 and a processing device 23.

[0045] The apparatus 1 may be anapparatus as shown
in Fig. 1. Corresponding reference numerals are used
for corresponding features.

[0046] In the example apparatus 1 in Fig. 2 the one or
more sensors 3 are provided within an insulated area 27
and the other components of the apparatus 1, including
the optical output 5, the optical input 7 and the power
source 9 are provided outside of the insulated area 27.
The one or more sensors 3 provided within the insulated
area 27 could comprise one or more temperature sensors
3 or any other type of sensor s which may be sensitive
to temperature.

[0047] One or more electrical connections may be pro-
vided through the insulated area 27. The electrical con-
nections may be between the one or more sensors 3 and
the other components of the apparatus 1. The electrical
connections provided through the insulated area may be
as short and thin as possible to reduce the amount of
heat transferred to the one or more sensors 3.

[0048] The insulated area 27 ensures that the one or
more sensors 3 are thermally insulated from the optical
output 5, the optical input 7 and the power source 9. This
prevents any heating of the other components of the ap-
paratus 1 such as the optical output 5, the optical input
7 and the power source 9 from affecting the measure-
ments made by the one or more sensors 3. This therefore
may improve the accuracy of the measurements made
by the one or more sensors 3.

[0049] It is to be appreciated that in other examples
the apparatus 1 could be configured differently. For in-
stance, in some examples the optical output 5 and/or the
optical input 7 could be provided within the thermally in-
sulated area 27. This configuration could be used where
the power generated by the other components of the ap-
paratus 1 is not high enough to cause a significant error
inthe measurements made by the one or more sensors 3.
[0050] The thermally insulated area 27 may comprise
an area of the apparatus 1 which is surrounded by, or at
least partially surrounded by, a thermally insulating ma-
terial. The thermally insulating material could comprise
a polymer or any other suitable insulating material.
[0051] The optical coupling means 25 provide means
for coupling the apparatus 1 to a processing device 23.
The optical coupling means 25 comprises one or more
optical components which provide a channel though



7 EP 3 506 533 A1 8

which the optical signals can be transmitted and/or re-
ceived. In some examples the optical coupling means
may comprise one or more light guides. In some exam-
ples the optical coupling means 25 may comprise at least
one bi-directional light guide. In some examples different
light guides could be coupled to the optical input 7 and
the optical output 5. In other examples the same light
guide could be coupled to both the optical input and the
optical output 5.

[0052] In the example system 21 of Fig. 2 the system
comprises one optical coupling means 25. In other ex-
amples the system 21 could comprise a plurality of optical
coupling means. The plurality of optical coupling means
25 could comprise a first optical coupling means and a
second optical coupling means. The first optical coupling
means may be configured to enable the data obtained
by the one or more sensors 3 to be transmitted to the
processing device 23. The second optical coupling
means may be configured to enable light from the
processing device to be transmitted to the one or more
photodiodes in the optical input 7.

[0053] The optical coupling means 25 does not contain
any electrical connections. That is there is no path for
direct current provided via the optical coupling means
25. There is no galvanic connection between the appa-
ratus 1 and the processing device 23. This means that
there is no heating of the apparatus 1 caused by any
electrical connections to the processing device 23. Also
there is no heat transferred via the electrical connections.
[0054] The optical coupling means 25 may act to ther-
mally insulate the apparatus 1 fromthe processing device
23. That is the optical coupling means 25 may comprise
athermally insulating material so as to prevent heat from
the processing device 23 from being transferred to the
apparatus 1.

[0055] The processingdevice 23 could also be a wear-
able device. Forinstance, the processing device 23 could
be attached to a strap which could be wrapped around
the torso, or any other suitable part of the subject’s body.
The apparatus 1 could be attached to the same strap as
the processing device 23. The apparatus 1 and the
processing device 23 could be provided at different lo-
cations along the same strap. In some examples the
processing device 23 could be provided within a weara-
ble garment, such as a shirt, which could be worn by the
subject. In such examples the apparatus 1 and the
processing device 23 could be provided at different lo-
cations within the wearable garment.

[0056] In other examples the processing device 23
could be a device that is not worn by the subject. For
example, it could be a computer, a mobile phone, a table
or other suitable electronic device. This processing de-
vice could be configured to be coupled to the apparatus
1 to enable data from the apparatus 1 to be transmitted
to the processing device 23.

[0057] The processing device 23, as shown in Fig. 2
comprises any suitable components which are needed
to receive data from the apparatus 1 and perform any
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necessary processing on the data to enable an output
indicative of the sensed parameter to be provided.
[0058] In the example of Fig. 2 the processing device
23 comprises an optical input 20, an optical output 22,
controlling circuitry 24 and a main power source 26.
[0059] The optical input 20 comprises means for con-
verting an optical input signal into an electrical signal.
The optical input signal could be received from the ap-
paratus 1 and may contain data obtained by the one or
more sensors 3. This may enable the processing device
23 to obtain data indicative of the sensed parameter.
[0060] The opticalinput20 could comprise one or more
photodiodes, or any other suitable means, which may be
coupled to the optical coupling means 25.

[0061] The optical output 22 comprises means for con-
verting an electrical input signal into an optical signal.
The optical signal could be transmitted to the apparatus
1. The optical signal could comprise a control signal
which may enable the apparatus 1 to be remotely con-
trolled by the processing device 23. The optical signal
could also be used to provide power from the processing
device 23 to the apparatus 1.

[0062] The optical output could comprise one or more
light emitting diodes, or any other suitable means, which
may be coupled to the optical coupling means 25.
[0063] The main power source 26 comprises storage
means for storing energy which may be used to power
the processing device 23. The main power source 26
could comprise a chargeable battery, a capacitor or any
other suitable type of energy storage means.

[0064] The main power source 26 may be coupled to
the other components of the processing device 23 to en-
able power to be provided to the other components of
the processing device 23.

[0065] In examples of the disclosure the system 21 is
configured so that the main power source 26 provides
power to the apparatus 1. The power could be provided
to the apparatus 1 as optical signals which may be trans-
mitted through via the optical output 22 and the optical
coupling means 25.

[0066] As the main power source 26 for the system 21
is provided in the processing device 23 this reduces the
size of the power source 9 needed in the apparatus 1.
This also means that a user of the system 21 only needs
to charge a single power source 26 to enable two sepa-
rate devices to be used.

[0067] In the example shown in Fig. 2 the processing
device 23 also comprises controlling circuitry 24. The
controlling circuitry 24 may comprise processing circuitry
and memory circuitry. The controlling circuitry 24 may
comprise means for controlling the processing device 23
and/or means for providing control signals for the appa-
ratus 1. The controlling circuitry 24 may also provide
means for processing the data obtained from the one or
more sensors 3 to provide an indication of the sensed
parameter and/or means for storing information indica-
tive of the sensed parameter. For example the controlling
circuitry 24 may provide means for processing the data
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obtained from one or more temperature sensors 3 to de-
termine the temperature of the subject and/or means for
storing information indicative of the temperature of the
subject.

[0068] Inthe system 21 of Fig. 2 there is no direct elec-
trical connection between the apparatus 1 and the
processing device 23. The optical coupling means 25
enables data to be transferred between the sensing ap-
paratus 1 and the processing device 23. The optical cou-
pling means 25 may also enable power to be transferred
from the main power source 26 of the processing device
23 orother main power source. As there is no direct elec-
trical connection, this means that there are no electrical
wires or other circuitry which may heat up during use and
would affect the accuracy of the measurements made by
the one or more sensors 3 such as temperature sensors.
[0069] Inthe example system 21 of Fig. 2 the apparatus
1is comprised within a separate device to the processing
device 23. This enables the apparatus 1 and the process-
ing device 23 to be positioned in different locations. For
example, when the system is in use to measure a sub-
ject’'s temperature the apparatus 1 could be positioned
underneath the subject’s armpit or on the side of their
torso where an accurate and/or reliable temperature
measurement may be made. The processing device 23
could be positioned onthe subject’s sternum oranywhere
else where it may be convenient and/or comfortable to
locate the processing device 23. In other examples,
where the sensing apparatus 1 is configured to sense
other parameters the apparatus 1 could be located in a
different location.

[0070] It is to be appreciated that variations could be
made to the system 21 in examples of the disclosure.
For instance, in the example system 21 of Fig. 2 the ap-
paratus 1 and the processing device 23 are provided as
separate components which can be positioned in differ-
entlocations. In other examples the apparatus 1 and the
processing device 23 could be provided within the same
device. In such examples the device comprises thermal
insulation to insulate the sensing apparatus 1 from the
processing device. The optical coupling means 25, which
may be provided within the device, also ensures that no
direct electrical connection is provided between the
processing device 23 and the sensing apparatus 1.
[0071] Fig. 3illustrates components of an apparatus 1
according to examples of the disclosure. The compo-
nents of the apparatus 1 shown in Fig. 3 comprises an
opticalinput7, a power source 9 and one or more sensors
3. The components of the apparatus 1 shown in Fig. 3
enable a measurement to be made in response to an
optical input signal. Itis to be appreciated that some com-
ponents of the apparatus 1, such as the optical output 5
are not shown in Fig. 3.

[0072] Inthe example of Fig. 3 the optical input 7 com-
prises a photodiode. The photodiode receives an optical
input signal 33 via the optical coupling means 25. The
optical input signal 33 may be received from the process-
ing device 23.

10

15

20

25

30

35

40

45

50

55

[0073] The photodiode is coupled to a direct current to
direct current (DC to DC) converter 33. The DC to DC
converter 33 may comprise any means configured to in-
crease the voltage of the electrical signal provided by the
photodiode in response to the optical input signal 33. The
DC to DC converter 33 could comprise a charge pump
or any other suitable type of DC to DC converter.
[0074] Theoutputofthe DCtoDC converteris provided
to the power source 9. This enables the optical energy
received via the photodiode to be converted to electrical
energy and stored in the power source 9. The power
source 9 could be a capacitor, a low leakage capacitor,
a battery or any other suitable type of power source.
[0075] In the example of Fig. 3 the one or more tem-
perature sensors 3 comprise an integrated thermometer
circuit. The integrated thermometer circuit has a low sam-
pling frequency and low power consumption so that the
circuit can be powered with the optical energy obtained
via the photodiode and stored in the power source 9.
Other types of sensors could be used in other examples
of the disclosure. In other examples of the disclosure the
sensors 3 could be configured to sense parameters other
than temperature.

[0076] The output of the DC to DC converter 33 is also
provided to the one or more sensors 3. The signal from
the DC to DC converter 33 may trigger a measurement
reading from the one or more sensors 3. In some exam-
ples the measurement may be triggered once sufficient
energy has been stored in the power source 9.

[0077] Theexample componentsshowninFig. 3there-
fore enable optical power that is received by the optical
input 7 to be converted to electrical energy and used to
power the apparatus 1. This means that only a small pow-
er source for storing the required energy is needed within
the apparatus 1. This reduces the number of components
in the apparatus 1 that might heat up during use which
could affect temperature measurements and/or meas-
urements of other parameters.

[0078] Also as the power is received via optical signals
there is no need to provide any electrical connections or
other means between the apparatus 1 and the process-
ing device 23 which could cause heating during use.
[0079] Fig. 4 illustrates components of an apparatus 1
according to an example of the disclosure. The compo-
nents of the apparatus 1 shown in Fig. 4 comprise one
or more sensors 3, an integrator 41, a comparator 43, an
optical pulse generator 45 and an optical output 5. The
components of the apparatus 1 shown in Fig. 4 enable
an optical output signal indicative of the parameter
sensed by the one or more sensors 3 to be provided. It
is to be appreciated that some components of the appa-
ratus 1, such as the optical input 7 are not shown in Fig. 3.
[0080] The example apparatus 1 in Fig. 4 comprises
conversion means configured to convert the analogue
output from the sensor 3 to adigital output. In the example
of Fig. 4 the conversion means comprise voltage to time
conversion means. Other types of conversion means
could be used in other examples of the disclosure.
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[0081] Inthe example of Fig. 4 the one or more sensors
3 comprises an analogue sensor. The analogue sensor
could comprise an integrated circuit or any other suitable
type of sensors. The one or more sensors 3 provide an
analogue output signal where the voltage of the output
signal is indicative of the sensed parameter.

[0082] The one or more sensors 3 are coupled to the
integrator 41 so that the analogue output signal from the
one or more sensors 3 is provided to the integrator 41.
The integrator 41 comprises any means which may per-
form a time integration of the analogue signal obtained
from the one or more sensors 3.

[0083] The integrator 41 is coupled to the comparator
43 so that the output of the integrator 41 is provided as
an input to the comparator 43. The comparator 43 is con-
figured to compare the voltage provided by the integrator
41 to areference voltage 44. The comparator 43 provides
an outputindicative of the difference between the voltage
provided by the integrator 41 to a reference voltage 44.
The comparator may comprise a high gain differential
amplifier or any other suitable means.

[0084] The comparator 43 is coupled to the pulse gen-
erator 45 so that the output of the comparator 43 is pro-
vided as an input to the pulse generator 45. The pulse
generator 45 may comprise any means configured to
convert the output of the comparator 43 into a pulsed
signal 47. In some examples the pulse generator 45 may
comprise an edge detector which may be configured to
generate a pulse when a transition is detected in the input
signal. Other types of pulse generator 45 may be used
in other examples of the disclosure. The interval between
the pulses within the pulsed signal 47 is indicative of the
difference between the voltage provided by the integrator
41 to a reference voltage 44. The interval between the
pulses within the pulsed signal 47 is therefore indicative
of the parameter by the one or more sensors 3. In other
examples the pulse generator could use pulse width en-
coding so that the duration of the pluses within the pulsed
signal 47 is indicative of the parameter by the one or
more sensors 3.

[0085] The pulse generator 45 is coupled to the optical
output 5 so that the pulsed signal 47 is provided to the
optical output 5. In the example of Fig. 4 the optical output
5 comprises a light emitting diode. The light emitting di-
ode converts the pulsed signal 47 into a series of flashes
of light where the duration of the flashes indicates the
parameter sensed by the one or more sensors 3.
[0086] The flashes of light emitted by the light emitting
diode can be transmitted to the processing device 23 via
the optical coupling means 25. The processing device
23 can then determine the sensed parameter from the
intervals between the received flashes of light. The
processing device 23 may be configured to quantify the
sensed parameter from the intervals between the re-
ceived flashes of light.

[0087] Inthe example shown in Fig. 4 the one or more
sensors 3 comprises an analogue sensor. In other ex-
amples of the disclosure a digital sensor could be used.
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The digital sensor could be a digital thermometer or any
other suitable means.

[0088] In examples of the disclosure where a digital
sensor is used the coupling means 25 and the optical
input 7 may be configured to receive a control signal from
the processing device 23 to control the digital sensor. In
some examples the coupling means could be bi-direc-
tional to enable an output signal to be transmitted from
the optical output 5 to the processing device 23 via the
optical coupling means 25.

[0089] Whether the one or more sensors 3 within the
apparatus 1 comprises a digital sensor or an analogue
sensor may depend on a number of factors such as the
processing capability of the processing device 23. The
user of the analogue sensor may require more process-
ing to be performed by the processing device 23 and so
may be used in systems 21 where the processing device
23 has a higher processing capacity. Conversely the dig-
ital sensor 21 could be used in systems 21 where the
processing device 23 has a lower processing capability.
[0090] Fig. 5 illustrates a garment 51 comprising an
example sensing system 21. In the example of Fig. 5
both the apparatus 1 and the processing device 23 are
provided within the same garment 51. In other examples
the apparatus 1 could be provided in the garment 51 while
the processing device 23 could be located elsewhere.
[0091] The garment 51 comprises an item of clothing
which is configured to be worn by a subject. The subject
could be a person or an animal which may require tem-
perature measurements to be made or any other suitable
parameter to be sensed. In the example of Fig. 5 the
garment 51 comprises a shirt. Other items of clothing
could be used in other examples of the disclosure.
[0092] In the example of Fig. 5 the apparatus 1 is po-
sitioned within the garment 51 so that when the garment
51 is worn by the subject the one or more sensors 3 are
located underneath the subject’s armpit or on the side of
the subject’s torso. In such examples the apparatus 1
may comprise one or more temperature sensors 3 con-
figured to measure the temperature of the subject. In such
examples the garment 51 may be configured so that the
one or more temperature sensors 3 are located under-
neath the subject’s armpit or on the side of the subject’s
torso as this may enable a reliable temperature meas-
urement to be made.

[0093] The apparatus 1 could be located in different
positions in other examples of the disclosure. For exam-
ple, if the one or more sensors 3 are configured to detect
environmental parameters the garment 51 may be con-
figured so that the one or more sensors 3 are located on
the chest or other suitable part of the subject which may
be exposed to the environmental parameters.

[0094] In the example of Fig. 5 the processing device
23 is positioned within the garment 51 so that when the
garment 51 is worn by the subject the processing device
23 is located over the subject’s sternum. This could be
a comfortable place for the processing device 23 to be
located as the processing device 23 may be bulkier and
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heavier than the apparatus 1. The processing device 23
could be located in different positions in other examples
of the disclosure.

[0095] An optical coupling means 25 is provided be-
tween the apparatus 1 and processing device 23. Insome
examples the optical coupling means 25 could be woven
into the fabric of the garment 51.

[0096] In some examples additional sensors could be
provided within the garment 51. The additional sensors
could be configured to detect biometric signals such a
bioelectric signals or biomechanical signals.

[0097] Asthe apparatus 1 is provided within a garment
51 which could be worn for a long period of time, for
example several hours, this enables parameters relating
to a subject and/or the environment of the subject to be
monitored over that time period.

[0098] Examples of the disclosure provide for a sens-
ing apparatus 1 which can provide accurate readings be-
cause the sensing apparatus 1 is thermally and electri-
cally isolated from the processing device 23. This pre-
vents heating caused by components of the processing
device and/or the electrical connections within the
processing device 23 from affecting the readings made
by the one or more sensors 3. For example where the
one or more sensors 3 comprise temperature sensors
this will enable more accurate temperature readings to
be made as they will notbe affected by the heat generated
by other electrical connections and/or components within
the processing device 23. In some examples the temper-
ature sensing apparatus 1 could provide temperature
measurements with an accuracy of 0.1 °C.

[0099] In some examples the one or more sensors 3
may comprise sensors where the ambient temperature
can affect the readings made by the sensors. For exam-
ple the sensors could comprise a field effect transistor
(FET) or a graphene field effect transistor (GFET) where
the conductivity of the channel is used to sense a param-
eter. However the conductivity of the channel may also
be dependentupon the temperature ofthe sensor. There-
fore, by thermally insulating the one or more sensors 3
from the processing device 23 this may enable more ac-
curate readings to be obtained.

[0100] In some examples the processing device 23
may also comprise one or more additional sensors. The
additional sensors could be configured to detect biomet-
ric parameters of the user, or any other suitable param-
eters. In some examples the biometric parameter could
be a bioelectrical signal which could comprise at least
one of an electrocardiogram signal, electroencephalo-
gram signal, electromyogram signal, electrooculogram
signal, electrogastrogram signal, galvanic skin potential
or any other suitable bioelectric signal. In such examples
the one or more sensors 3 can be provided in direct con-
tact with the skin of the subject because there is no direct
electrical connection between the one or more sensors
3 which could interfere with the measurement of the bio-
electrical signal. This therefore may enable examples of
the disclosure to be used to obtain accurate measure-
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ments of two or more parameters of the subject simulta-
neously. For example it may be used to obtain accurate
measurements of the temperature of the subject and also
a bioelectrical signal of the subject.

[0101] In some but not necessarily all examples, the
processing device 23 may be configured to communicate
data received from the apparatus 1 with or without local
storage of the data in memory circuitry at the processing
device 23 and with or without local processing of the data
by circuitry or processors at the processing device 23.
[0102] The data maybe measurement data obtained
by the one or sensors 3 of the apparatus 1 or data pro-
duced by the processing of measurement data from the
one or more sensors 3.

[0103] The datamay be stored in processed or unproc-
essed format remotely at one or more devices. The data
may be stored in The Cloud or in any other suitable lo-
cation.

[0104] 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.

[0105] 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 processing device 23 may
comprise a communications interface such as, for exam-
ple, a radio transceiver for communication of data.
[0106] 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.

[0107] In this description the term coupled means op-
erationally coupled. Any number of intervening compo-
nents may be provided between coupled components,
including zero intervening components.

[0108] 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".

[0109] 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 thatincludes some
but not all of the instances in the class. It is therefore
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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.

[0110] 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.

[0111] Featuresdescribedinthe precedingdescription
may be used in combinations other than the combina-
tions explicitly described.

[0112] Although functions have been described with
reference to certain features, those functions may be per-
formable by other features whether described or not.
[0113] Althoughfeatures have beendescribed with ref-
erence to certain embodiments, those features may also
be present in other embodiments whether described or
not.

[0114] 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. An apparatus comprising:

sensing means configured to sense a parame-
ter;

optical output means configured to provide an
optical output signal indicative of data obtained
by the sensing means;

optical input means configured to receive an op-
tical input signal and convert the optical input
signal to electrical power; and

storage means configured to store the electrical
power obtained by the optical input means and
enable the power to be provided to the sensing
means and the optical output means;

wherein the optical output means comprises one
or more light emitting diodes and optical cou-
pling means where the optical coupling means
are configured to couple the apparatus to a
processing device to enable data obtained by
the sensing means to be transmitted to the
processing device.

2. An apparatus as claimed in claim 1 wherein the op-
tical input means comprises one or more photodi-
odes and optical coupling means where the optical
coupling means are configured to enable light from

10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

14.

15.

a processing device to be detected by the one or
more photodiodes.

An apparatus as claimed in any preceding claim
wherein the optical coupling means comprises at
least one bi-directional light guide.

An apparatus as claimed in any preceding claim
wherein there is no direct electrical connection be-
tween the apparatus and the processing device.

An apparatus as claimed in any preceding claim
wherein the apparatus is thermally insulated from
the processing device.

An apparatus as claimed in any preceding claim
wherein the apparatus is comprised within a sepa-
rate device to the processing device.

An apparatus as claimed in any preceding claim
wherein the sensing means comprises a digital sens-
ing means configured to provide a digital output.

An apparatus as claimed in claim 7 wherein the op-
tical coupling means are configured to receive a con-
trol signal from the processing device to control the
digital sensing means.

An apparatus as claimed in any of claims 1 to 6 com-
prising voltage to time conversion means configured
to convert an analogue output of the sensing means
to a digital output.

An apparatus as claimed in any preceding claim
wherein the storage means comprises a super ca-
pacitor.

An apparatus as claimed in any preceding claim
wherein the sensing means comprise temperature
sensing means.

An apparatus as claimed in claim 11 wherein the
temperature sensing means is thermally insulated
from the optical output means and the optical input
means.

An apparatus as claimed in any preceding claim
wherein the apparatus is comprised within a weara-
ble device.

An apparatus as claimed in any preceding claim
wherein the sensing means is configured to directly
contact a subject in use.

An apparatus as claimed in claim 2, wherein the op-
tical coupling means comprise a first optical coupling
means and a second optical coupling means;

wherein the first optical coupling means are config-



16.

17.
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ured to enable the data obtained by the sensing
means to be transmitted to the processing device;
and

wherein the second optical coupling means are con-
figured to enable light from the processing device to
be transmitted to the one or more photodiodes.

A sensing system comprising an apparatus as
claimed in any preceding claim and a processing de-
vice.

A sensing system as claimed in claim 16 wherein
the processing device is comprised within a weara-
ble device.
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