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(57) ABSTRACT

There is provided an apparatus for monitoring the ingestion
of food and/or drink by a subject, the apparatus comprising
a control unit that comprises a first obtaining module con-
figured to obtain measurements of one or more physiological
characteristics of the subject; a second obtaining module
configured to obtain measurements of eddy currents genet-
ated in the body of the subject by an externally-applied
magnetic field; a setting module configured to set a respec-
tive cut-off frequency for one or more filtering stages based
on a respective frequency for each of said one or more
physiological characteristics; a filtering module configured
to filter the measurements of eddy currents using the one or
more filtering stages to remove signal components due to the
one or more physiological characteristics; and a processing
module configured to process the filtered measurements to
determine whether food and/or drink is present in the
stomach of the subject.
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METHOD AND APPARATUS FOR
MONITORING THE INGESTION OF FOOD
AND/OR DRINK BY A SUBJECT

TECHNICAL FIELD

[0001] The invention relates to a method and apparatus for
monitoring a subject, and in particular for monitoring the
ingestion of food and/or drink by a subject.

BACKGROUND TO THE INVENTION

[0002] Over-eating is the main cause of obesity. In some
cases, people are not always consciously aware that they are
eating more than their body requires on a daily basis. Often,
when over-eating occurs the person does not realise it until
there has been a substantial increase in their body weight,
and it can be too late to make a small change to their eating
habits and improve the situation.

[0003] Typically, the monitoring of food intake in terms of
events (i.e. when) and quantity is done with self-report
diaries, but the effectiveness and quality of this data is down
to the discipline of the person and the time they have
available to fill them in.

[0004] There are several types of devices that can monitor
food intake, but these are invasive and/or costly, and include
devices such as manometry, scintigraphy. ultrasonography,
electrogastrography (EGG), stable isotope breath testing. In
addition, the use of these types of devices tends to be
confined to the professional settings for the diagnosis of
specific eating disorders.

[0005] There is therefore a need for an improved method
and apparatus that provides a non-invasive and generally
unobtrusive solution for monitoring the ingestion of food
and/or drink by a subject.

SUMMARY OF THE INVENTION

[0006] According to a first aspect, there is provided an
apparatus for monitoring the ingestion of food and/or drink
by a subject, the apparatus having a control unit that
comprises a first obtaining module for obtaining measure-
ments of one or more physiological characteristics of the
subject; a second obtaining module for obtaining measure-
ments of eddy currents generated in the body of the subject
by an externally-applied magnetic field; a setting module for
setting a respective cut-off frequency for one or more
filtering stages based on a respective frequency for each of
said one or more physiological characteristics; a filtering
module for filtering the measurements of eddy currents
using the one or more filtering stages to remove signal
components due to the one or more physiological charac-
teristics; and a processing module for processing the filtered
measurements to determine whether food and/or drink is
present in the stomach of the subject.

[0007] Insome embodiments, the one or more physiologi-
cal characteristics comprises one or more of heart rate and
breathing rate.

[0008] In some embodiments, the one or more filtering
stages comprises one or more low-pass filtering stages.
[0009] In some embodiments, the processing module is
configured to process the filtered measurements to determine
whether food and/or drink is present in the stomach of the
subject by comparing the amplitude of the filtered measure-
ments at a time instant to a threshold.
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[0010] In some embodiments, the processing module is
further configured to process the filtered measurements to
determine whether food and/or drink is present in the
stomach of the subject by determining that food and/or drink
is present in the stomach if the amplitude at the time instant
is above the threshold. In alternative embodiments, the
processing module is further configured to process the
filtered measurements to determine whether food and/or
drink is present in the stomach of the subject by processing
the filtered measurements to identify a signal relating to
peristalsis in the subject; and determining that food and/or
drink is present in the stomach of the subject if the amplitude
at the time instant is above the threshold and the signal
relating to peristalsis indicates that peristalsis is occurring in
the subject.

[0011] In alternative embodiments, the processing module
is configured to process the filtered measurements to deter-
mine whether food and/or drink is present in the stomach of
the subject by determining an amount by which the ampli-
tude of the filtered measurements has changed over a
predetermined time window; and comparing the amount by
which the amplitude of the filtered measurements has
changed over the predetermined time window to a threshold.
[0012] In some embodiments, the processing module is
further configured to process the filtered measurements to
determine whether food and/or drink is present in the
stomach of the subject by determining that food and/or drink
is present in the stomach if the amount is above the thresh-
old. In alternative embodiments, the processing module is
further configured to process the filtered measurements to
determine whether food and/or drink is present in the
stomach of the subject by processing the filtered measure-
ments to identify a signal relating to peristalsis in the
subject; and determining that food and/or drink is present in
the stomach of the subject if the amount is above the
threshold and the signal relating to peristalsis indicates that
peristalsis is occurring in the subject.

[0013] 1In some embodiments, the apparatus further com-
prises an excitation coil for generating an eddy current in the
subject; and a measurement coil for measuring the eddy
current in the subject.

[0014] In some embodiments, the apparatus further com-
prises one or more physiological characteristic sensors for
obtaining the measurements of the one or more physiologi-
cal characteristics of the subject.

[0015] According to a second aspect, there is provided an
apparatus for monitoring the ingestion of food and/or drink
by a subject, the apparatus comprising a control unit that is
configured to: obtain measurements of one or more physi-
ological characteristics of the subject; obtain measurements
of eddy currents generated in the body of the subject by an
externally-applied magnetic field; set a respective cut-off
frequency for one or more filtering stages based on a
respective frequency for each of said one or more physi-
ological characteristics; filter the measurements of eddy
currents using the one or more filtering stages to remove
signal components due to the one or more physiological
characteristics; and process the filtered measurements to
determine whether food and/or drink is present in the
stomach of the subject.

[0016] According to a third aspect, there is provided a
method for monitoring the ingestion of food and/or drink by
a subject, the method comprising obtaining measurements of
one or more physiological characteristics of the subject;
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obtaining measurements of eddy currents generated in the
body of the subject by an externally-applied magnetic field;
setting a respective cut-off frequency for one or more
filtering stages based on a respective frequency for each of
said one or more physiological characteristics; filtering the
measurements of eddy currents using the one or more
filtering stages to remove signal components due to the one
or more physiological characteristics; and processing the
filtered measurements to determine whether food and/or
drink is present in the stomach of the subject. In some
embodiments, the one or more physiological characteristics
comprises one or more of heart rate and breathing rate.
[0017] In some embodiments, the one or more filtering
stages comprises one or more low-pass filtering stages.
[0018] In some embodiments, the step of processing the
filtered measurements to determine whether food and/or
drink is present in the stomach of the subject further com-
prises comparing the amplitude of the filtered measurements
at a time instant to a threshold.

[0019] In some embodiments, the step of processing the
filtered measurements to determine whether food and/or
drink is present in the stomach of the subject comprises
determining that food and/or drink is present in the stomach
if the amplitude at the time instant is above the threshold. In
alternative embodiments, the step of processing further
comprises processing the filtered measurements to identify a
signal relating to peristalsis in the subject; and determining
that food and/or drink is present in the stomach of the subject
if the amplitude at the time instant is above the threshold and
the signal relating to peristalsis indicates that peristalsis is
occurring in the subject.

[0020] In alternative embodiments, the step of processing
comprises determining an amount by which the amplitude of
the filtered measurements has changed over a predetermined
time window; and comparing the amount by which the
amplitude of the filtered measurements has changed over the
predetermined time window to a threshold.

[0021] In some embodiments, the step of processing com-
prises determining that food and/or drink is present in the
stomach if the amount is above the threshold. In alternative
embodiments, the step of processing comprises processing
the filtered measurements to identify a signal relating to
peristalsis in the subject; and determining that food and/or
drink is present in the stomach of the subject if the amount
is above the threshold and the signal relating to peristalsis
indicates that peristalsis is occurring in the subject.

[0022] According to a fourth aspect, there is provided a
computer program product comprising a computer readable
medium having computer readable code embodied therein,
the computer readable code being configured such that, on
execution by a suitable computer or processor, the computer
or processor performs any of the method embodiments
above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] For a better understanding of the invention, and to
show more clearly how it may be carried into effect,
reference will now be made, by way of example only, to the
accompanying drawings, in which:

[0024] FIG.1isablock diagram of an apparatus according
to an embodiment of the invention;

[0025] FIG. 2 shows an apparatus according to an embodi-
ment of the invention being worn by a subject;
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[0026] FIG. 3 shows a cross-section through a subject and
the apparatus;
[0027] FIG. 4 is a flow chart illustrating a method accord-

ing to an embodiment of the invention;

[0028] FIG. 5 shows different physiological characteristic
measurements and a peristaltic component and a food intake
signal determined according to embodiments of the inven-
tion; and

[0029] FIG. 6 is a flow chart illustrating a method accord-
ing to an embodiment of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0030] After food is chewed by a subject, it passes through
the oesophagus and enters the stomach. In the stomach the
food is mixed with hydrochloric acid and digestive enzymes
(such as trypsin) and exposed to a mechanical action to
reduce the size of the food chunks (to around 1 mm) to
facilitate its absorption in the intestine. Food from the
stomach is passed to the intestine via the pylorus valve, but
this happens gradually over time. Only a small amount of
chyme (the partly digested food that leaves the stomach)
passes through this valve each time and at a low frequency.
The presence of the food and chyme in the stomach changes
the electrical and magnetic properties of this part of the
body. In particular the presence of food in the stomach
changes the strength of an eddy current generated inside the
body by a magnetic field from that generated when the
stomach is empty.

[0031] Thus, the invention monitors the ingestion of food
and/or drink by the subject by sensing changes in the
magnetic inductance of part of the subject’s body (i.e. the
part containing the stomach). Advantageously, the excitation
magnetic field is applied by a coil or other component that
is located outside the body of the subject, and the eddy
current is measured using another coil or other component
that is located outside the body, so the invention is non-
invasive.

[0032] However, in some cases (for example depending on
the type and/or volume of food and/or drink that has been
consumed), the change in magnetic inductance caused by
the presence of food and/or drink can be relatively small,
and thus difficult to detect by applying a magnetic field and
measuring the eddy current using a measuring component
that is external to the body.

[0033] As the eddy current generated by the magnetic field
is also generated in the tissue around the stomach (e.g.
muscles, blood vessels, etc.), the eddy current is affected by
changes in the composition of that tissue as well as changes
in the contents of the stomach. For example, changes in
blood volume in the measurement region (the region of the
body in which the eddy current is generated and measured
in) due to the beating of the heart can affect the eddy current,
as can changes in the volume of the chest due to the subject’s
breathing. Likewise, the movement of the stomach in expel-
ling chyme into the intestine (known as peristalsis) can affect
the eddy current.

[0034] Generally, measurements of an eddy current will
include a sinusoidal signal due to the beating of the heart
(usually at a frequency higher than, for example, 0.6 Hz), a
sinusoidal signal due to respiration (usually at a frequency
higher than, for example, 0.2 Hz), a sinusoidal signal due to
the peristaltic movement of the stomach (usually at a fre-
quency of around, for example, 0.05-0.06 Hz) if food and/or
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drink is present in the stomach, a constant (DC) component
due to the content/composition of the body that does not
vary (e.g. a component due to organs and fluid), and a
component that increases and decreases with the content of
the stomach. The ingestion of food and/or drink into the
stomach increases the latter component, and the passage of
chyme from the stomach to the intestine decreases the latter
component. It should be noted that the component due to the
content of the stomach is not a periodic component (unlike
the heart beat, respiration and peristaltic components above),
but can change in a generally linear or step-wise manner.
[0035] Therefore, to increase the sensitivity of the food
and/or drink detection (i.e. the detection of the component
that increases and decreases with the content of the stom-
ach), the invention measures a physiological characteristic
of the subject that affects the eddy current measurements (for
example heart rate and/or respiration rate) and filters out
eddy current signal components that may be related to that
physiological characteristic.

[0036] FIG. 1 shows a block diagram of an apparatus 2
according to an embodiment of the invention that can be
used for monitoring the ingestion of food and/or drink by the
subject. The apparatus 2 comprises a control unit 4 that
controls the operation of the apparatus 2 and that can
implement the monitoring method. Briefly, the control unit
4 is configured to process measurements of a physiological
characteristic for a subject to determine a frequency for the
physiological characteristic, set a cut-off’ frequency for a
filtering stage, filter eddy current measurements using the
filtering stage to remove signal components due to the
physiological characteristic, and then determine whether
food and/or drink is present in the stomach based on the
filtered signal. The control unit 4 can comprise one or more
processors, processing units, multi-core processors or mod-
ules that are configured or programmed to control the
apparatus 2 to monitor the subject as described below.
[0037] In particular implementations, the control umt 4
can comprise a plurality of software and/or hardware mod-
ules that are each configured to perform, or are for perform-
ing, individual steps in the monitoring method according to
embodiments of the invention. As such, the control unit 4 (or
more generally the apparatus 20) can comprise a First
Obtaining module 6, Second Obtaining module 8, Setting
module 12, Filtering module 12 and Processing module 14,
that can each implement the functions required for perform-
ing steps 101-109 of FIG. 4 respectively, and which are
described in more detail below.

[0038] The apparatus 2 can also comprise a memory unit
18 that can be used for storing program code that can be
executed by the control unit 4 to perform the method
described herein. The memory unit 18 can also be used to
store signals and measurements made or obtained by any
sensors in the apparatus (including a measurement coil 22 or
other component for measuring an eddy current, and a
physiological characteristic sensor 24).

[0039] In some embodiments, the apparatus 2 can com-
prise an excitation coil 20 (or other component for creating
a magnetic field) for generating (inducing) an eddy current
in the subject under the control of the control unit 4, a
measurement coil 22 (or other component for measuring an
eddy current in the subject) and/or one or more physiologi-
cal characteristic sensors 24 for measuring one or more
physiological characteristics of the subject. The measure-
ments of the eddy current and physiological characteristic(s)
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can be processed as the measurements are obtained (e.g. in
real-time), or they can be stored in the memory unit 18 and
the control unit 4 can retrieve and process the previously-
obtained measurements from the memory unit 18 at a later
time.

[0040] In alternative embodiments, the excitation coil 20,
measurement coil 22 and/or physiological characteristic
sensor(s) 24 (with appropriate control circuitry for those
components) can be separate from the apparatus 2, and the
measurements of the eddy current and/or measurements of
the physiological characteristic(s) can be provided to the
apparatus 2, for example via a wired or wireless connection,
for subsequent analysis.

[0041] In some embodiments the control unit 4 (and thus
the apparatus 2) may be part of a smart phone or other
general purpose computing device that can comprise, be
connected to or otherwise receive a measurement signal
from a physiological characteristic sensor 24 and a mea-
surement coil 22, but in other embodiments the apparatus 20
can be an apparatus that is dedicated to the purpose of
monitoring a subject to determine the presence of food
and/or drink in the stomach of the subject. In embodiments
where the control unit 4 is part of a smart phone or other
general purpose computing device, then depending on the
physiological characteristic to be monitored, the sensor 16
could be a sensor that is integrated into the smart phone, or
a sensor that is separate to the smart phone and that can
provide sensor signals/measurements to the smart phone/
computing device for processing and analysis (for example
via a wired or wireless connection).

[0042] The physiological characteristic sensor 24 mea-
sures one or more physiological characteristics of a subject.
In some embodiments the physiological characteristic is
heart rate, and thus the physiological characteristic sensor 24
can be any sensor that is capable of or suitable for measuring
heart rate. Thus, the physiological characteristic sensor 24
can be a heart rate sensor, such as an accelerometer, an
electrocardiogram (ECG) (which includes, for example, a
plurality of electrodes), a photoplethysmogram (PPG), a
microphone, etc. In some embodiments the physiological
characteristic is breathing rate (also referred to as respiration
rate), and thus the physiological characteristic sensor 24 can
be any sensor that is capable of or suitable for measuring the
breathing rate. Thus, the physiological characteristic sensor
24 can be a breathing rate sensot, such as an accelerometer,
an electrocardiogram (ECG), a strain gauge (for measuring
the change in the circumference of the chest as the subject
breathes), a microphone, etc. The output of the physiological
characteristic sensor 24 may be a time series of values for
the physiological characteristic, or ‘raw’ measurements (e.g.
acceleration measurements) that are processed by the control
unit 4 in order to determine a time series of values for the
physiological characteristic.

[0043] It will be appreciated that in some embodiments
multiple physiological characteristics can be measured, and
it is possible for a single physiological characteristic sensor
24 to be used to measure those physiological characteristics.
For example the measurement signal from an accelerometer
that is worn on the upper body of the subject can be
processed to determine the heart rate and the breathing rate.
Alternatively the signals in an ECG can be analysed to
determine the heart rate and the breathing rate.

[0044] In some embodiments, the apparatus 2 can further
comprise a temperature sensor that is to be worn on the
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subject’s body near the stomach in order to measure changes
in temperature related to digestion.

[0045] It will be appreciated that FIG. 1 only shows the
components required to illustrate this aspect of the inven-
tion, and in a practical implementation the apparatus 2 will
comprise additional components to those shown. For
example, the apparatus 2 may comprise a battery or other
power supply for powering the apparatus 2 or means for
connecting the apparatus 2 to a mains power supply, and/or
a communication module for enabling the measurements of
the physiological characteristic and/or measurements of the
eddy current of the subject to be communicated to a base
unit for the apparatus 2 or a remote computer. The apparatus
2 may also comprise at least one user interface component
that is for use in providing the subject or other user of the
apparatus 2 (for example a family member or healthcare
provider) with information resulting from the method
according to the invention. For example the user interface
component can provide an indication of whether food and/or
drink is present in the stomach of the subject, or was present
in the stomach at a selected time. Alternatively or in addition
the user interface component can provide an indication of
when food and/or drink was present in the stomach over a
time interval. The user interface component can comprise
any component that is suitable for providing the above
information, and can be, for example, any one or more of a
display screen or other visual indicator, a speaker, one or
more lights, and a component for providing tactile feedback
(e.g. a vibration function).

[0046] In addition, the user interface component is or
comprises some means that enables the subject or another
user of the apparatus 2 to interact with and/or control the
apparatus 2. For example, the user interface component
could comprise a switch, a button or other control means for
activating and deactivating the apparatus 2 and/or the moni-
toring process.

[0047] FIG. 2 shows an apparatus 2 according to the
invention being worn by a subject 30. In this embodiment
the apparatus 2 comprises a strap 32 or other form of
attachment means that enables the apparatus 2 to be held in
place around the body of the subject so that the excitation
coil 20 applies a magnetic field to the part of the body
comprising the stomach, and the measurement coil 22 mea-
sures the eddy current generated in that part of the body. It
is not necessary for the apparatus 2 to be worn against the
FIG. 3 shows a cross-section through a subject 30 that is
wearing an apparatus 2 according to the invention that uses
a strap 32 to hold the apparatus 2 on the subject 30. A
cross-section through the stomach 34 is shown, along with
an eddy current 36 that is induced by a magnetic field
generated by excitation coil 20, and that is measured by
measurement coil 22. It will be appreciated that although the
excitation coil 20 and the measurement coil 22 are shown as
being generally located on opposite sides of the body of the
subject 30, the coils 20, 22 can be located on the same side
of the subject 30, although care will need to be taken with
their positioning in order to avoid the effects of cross-talk
from the excitation coil 20 on the measurement coil 22.
[0048] FIG. 4 illustrates a method of monitoring the
ingestion of food and/or drink by a subject 30 according to
the invention. This method can generally be performed by or
under the control of control unit 4.

[0049] In a first step, step 101, which can be performed or
implemented by the first obtaining module 6, measurements
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of one or more physiological characteristics of the subject 30
are obtained. These measurements can be obtained directly
from a physiological characteristic sensor 24, or retrieved
from memory unit 18. The measurements typically cover a
period of time, e.g. a few seconds, minutes, etc. As noted
above, the output of the physiological characteristic sensor
24 may be a time series of values for the physiological
characteristic, or ‘raw’ measurements (e.g. acceleration
measurements). In the latter case, step 101 may comprise
processing the raw measurements to determine measure-
ments of the physiological characteristic. In preferred
embodiments the physiological characteristic(s) can be heart
rate and/or breathing rate, and thus the measurement(s) of
the physiological characteristic(s) can be represented as a
frequency (e.g. beats per minute, breaths per minute, etc.).
[0050] In asecond step, step 103, which can be performed
or implemented by the second obtaining module 8, mea-
surements of eddy currents generated in the body of the
subject 30 by an externally-applied magnetic field are
obtained. These measurements can be obtained directly from
a measurement coil 22, or retrieved from memory unit 18.
The measurements of eddy currents may cover a substantial
amount of time, e.g. a few hours, days, etc. Where the
measurements are obtained directly from a measurement
coil 22, the method may also comprise generating a mag-
netic field in the subject 30 using the excitation coil 20 (for
example by supplying a current to the excitation coil 20).
[0051] Preferably the measurements of the one or more
physiological characteristics of the subject 30 are made at
the same or at a similar time to the measurements of the eddy
currents.

[0052] Next, in step 105, which can be performed or
implemented by the setting module 10, for each measured
physiological characteristic, a cut-off frequency in a filtering
stage is set based on the measurements of that physiological
characteristic. Since the peristalsis component and the signal
component that increases and decreases with the content of
the stomach are signals having a lower frequency than the
physiological characteristic (e.g. heart rate and/or breathing
rate), the filtering stage preferably performs low-pass filter-
ing of an input signal to pass frequency components below
the cut-off frequency and thereby remove signal components
having a frequency above the cut-off frequency. In some
embodiments the cut-off frequency can be set at the value of
the physiological characteristic (e.g. the cut-off frequency is
set at the measured heart rate or breathing rate). However,
since the value of the physiological characteristic is mea-
sured (estimated) from a sensor signal and the value of the
physiological characteristic can vary slowly over time, it is
preferable for the cut-off frequency to be set to a value that
ensures that the contribution of the physiological charactetr-
istic to the eddy current measurements is filtered out. Thus,
in some embodiments the cut-off frequency can be set to the
value of the physiological characteristic less some (small)
predetermined offset. For example the offset can be 0.05 Hz
or 0.1 Hz).

[0053] In some embodiments there can be respective fil-
tering stages for each of the measured physiological char-
acteristics, with the cut-off frequency for each filtering stage
being set based on the measurements for a respective one of
the physiological characteristics. Preferably however there
is a single filtering stage. and the cut-off frequency for that
filtering stage is set based on the lower of the frequencies
associated with the measured physiological characteristics.
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For example if heart rate and breathing rate are measured,
the lower of the two physiological characteristics is used to
set the cut-off frequency for the low-pass filtering stage.
[0054] In some embodiments, instead of using a low-pass
filter, it is possible to use a band-stop filter, with the stop
band or stop bands (if multiple physiological characteristics
are measured) being based on the measured value of the
physiological characteristic(s). Once the cut-off frequency
(ies) has/have been set in step 105, the eddy current mea-
surements are filtered using the filtering stage(s) in step 107
in order to remove signal components due to the one or more
physiological characteristics. Step 107 can be performed or
implemented by filtering module 12.

[0055] The filtered measurements are then processed to
determine whether food and/or drink is present in the
stomach of the subject (step 109). Step 109 can be per-
formed or implemented by processing module 14.

[0056] In a simple embodiment, step 109 can comprise
determining the amplitude of the filtered signal at a particu-
lar time instant and comparing the amplitude to a threshold.
For example it can be determined that there is food and/or
drink present in the stomach of the subject at a particular
time instant if the amplitude of the signal at that time instant
is above the threshold.

[0057] In a more preferred embodiment, which reduces
the effects of drift in the measurements of the eddy currents,
step 109 comprises determining an amount by which the
amplitude of the filtered signal has changed over a prede-
termined time window (e.g. with a duration of a few
seconds, a minute, etc.) and comparing the change to a
threshold. Those skilled in the art will be aware of ways in
which this amount can be determined, and for example the
amount can be determined as the difference between the
maximum and minimum amplitudes in the time window, or
the amount can be determined as the difference between the
amplitude at the start of the window and the amplitude at the
end of the time window. If the amplitude has increased by
more than the threshold amount during the time window, it
can be determined that food and/or drink is now present in
the stomach. If the amplitude has decreased by more than the
threshold amount during the time window, it can be deter-
mined that food and/or drink is no longer present in the
stomach.

[0058] In other embodiments, step 109 can comprise using
machine learning techniques to analyse the filtered eddy
current signal to determine when food and/or drink has
entered and/or left the stomach. With these types of tech-
niques, the presence of food and/or drink in the stomach can
be inferred from the filtered (time-dependent) eddy current
signal or from features extracted from the filtered (time-
dependent) eddy current signal.

[0059] In some embodiments, step 109 can comprise
processing the filtered measurements to identify a signal
relating to peristalsis. For example, a frequency decompo-
sition of the filtered eddy current measurements can be
performed to separate the generally periodic signal due to
peristalsis from the constant (DC) component due to the
content/composition of the body and the component that
increases and decreases with the content of the stomach.
After separation of the signal due to peristalsis, the remain-
ing eddy current signal components can be compared with
the preceding parts of the signal to identify whether an
increment due to food and/or drink ingestion has occurred
(e.g. in a similar way to the more preferred embodiment
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above). Alternatively, as noted above, in some embodiments,
after the separation of the signal due to peristalsis, the
amplitudes of the remaining eddy current signal components
can be compared to a threshold to identify whether food
and/or drink is present in the stomach of the subject.
[0060] It will be appreciated that in the above embodi-
ments the peristalsis component is effectively removed from
the eddy current measurements and the remaining measure-
ments are processed to determine if there is an increase
consistent with food and/or drink entering the stomach.
However, in preferred embodiments, the determination that
food and/or drink is present in the stomach can be condi-
tional on detecting both a generally periodic signal due to
peristalsis (i.e. peristalsis is occurring) and an increase in the
remaining eddy current signal components over a time
window (or the amplitude of the eddy current signal being
above a threshold).

[0061] FIG. 5 illustrates signals representing exemplary
physiological characteristics and whether food and/or drink
is present in the stomach following the processing according
to the invention. In each of FIGS. 5(a)-(d), the x-axis
represents time in seconds, and the y-axis represents the
normalised amplitude of the relevant signal. Thus, FIG. 5(a)
is a heart rate signal with a frequency of 1 Hz (i.e. 60 beats
per minute), and FIG. 5(4) is a respiration rate signal with a
frequency of 0.2 Hz (i.e. 12 breaths per minute). As
described above the frequencies associated with the physi-
ological characteristic in FIGS. 5(a) and (?) are used by a
filtering stage (or respective filtering stages) to remove eddy
current components due to those characteristics. FIG. 5(c)
shows a peristalsis signal derived from a filtered eddy
current signal that shows that peristalsis starts at around 8
seconds and continues for the rest of the measurement
period with a frequency of around 0.05 Hz (i.e. around 3
contractions per minute). FIG. 5(d) shows a food intake
signal obtained from the remaining eddy current measure-
ments after separation of the peristalsis components where a
value of 0 represents no food in the stomach and a value of
1 represents food being present in the stomach. Thus it can
be seen that in this example between 8 and 15 seconds there
is an increase in the signal due to food reaching the stomach.
[0062] It will be appreciated that the method in FIG. 4 can
be performed frequently, semi-continuously or continuously,
in which case it may be possible to detect the times at which
food and/or drink is ingested, the duration for which food
and/or drink is ingested, and/or the times at which the
stomach is empty.

[0063] In some embodiments, as described in more detail
below, the filtered measurements can be processed to iden-
tify if the conductivity of the stomach has increased (which
indicates the ingestion of food and/or drink) or decreased
(which indicates that chyme has passed into the intestines).
In some cases the filtered measurements can be processed
into conductivity measurements, but in other cases the
analysis can operate directly on the filtered current measure-
ments. In some embodiments, the amount of food and/or
drink ingested can be estimated based on the magnitude of
the change in conductivity.

[0064] The eddy current density T in living tissue is
governed by the following diffusion equation:

7 aJ
= UﬂE
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where o is the electrical conductivity, and p is the perme-
ability of a living tissue specimen. Considering this equation
it can be seen that a change in the electric and magnetic
proprieties of the living tissue changes the eddy current
density. Therefore, analysis of the measurements of the eddy
current gives information about the status of the living
tissue.

[0065] As noted above, the biological medium in the
region of the stomach changes principally because of (i)
heart rate (the contraction and relaxation of blood vessels
due to heart beats); (ii) respiration (the movement of the
diaphragm muscle and movement of the thoracic cavity);
(iii) peristalsis (the contraction and relaxation of the muscles
of the digestive tract that propels the chyme out of the
stomach); and (iv) the introduction of food and/or drink (the
medium will present the combination of the electric and
magnetic proprieties of biological tissue and the chyme
present in the stomach). Where food and/or drink has not
been ingested (and any previously-ingested food and/or
drink has been moved out of the stomach), elements (iii) and
(iv) will not be present or will not affect the eddy current.
[0066] As previously described, the effects of (1), (ii) and
(iii) above on the eddy current are easily understandable
(due to changes in the volume of the medium in which the
current is generated), but (iv) influences the eddy currents
through a combination of geometrical and electrochemical
changes. The geometrical change is due to the presence of
the food and/or drink in the stomach, and the electrochemi-
cal change is due to the digestion process. During this
biological process the stomach releases a high quantity of
acid (with high H* concentration) that influences the con-
ductivity of the medium as follows:

0(0)=0+0ege" [2]
O/ g2z, [3]
[0067] Where o, is the conductivity arising from the elec-

tric-field induced motions of the various ions in the electro-
lyte. In the case of the stomach during digestion, it is
possible to consider predominant H* as an ionic species so
7z, n and u are the valency, the concentration and the
electrical mobility of the H" respectively. When no food
and/or drink is ingested, the H* concentration due to diges-
tion is near to 0 mole, so there is no change in the
conductivity of the stomach.

[0068] The result of the processing in step 109 can be
presented to the subject or another user of the apparatus 2
(for example a healthcare provider) using a user interface
component in the apparatus 2. The result can be presented in
any suitable or desired form. For example the result can be
presented as an indication of whether food and/or drink is
present in the stomach or an indication of whether food
and/or drink has been ingested by the subject. The indication
can be provided in a simple form, such as a light or other
visual indicator, or it can be presented as a written or spoken
message, or presented in a graphical format, perhaps illus-
trating the times at which food has been ingested/food was
present in the stomach.

[0069] In some embodiments, the measurements of the
physiological characteristics (or the measurements from the
physiological characteristic sensor 24) can be used to deter-
mine whether it will be useful to measure and/or analyse
eddy currents at that time. For example if the subject is
exercising or otherwise quite physically active, they are
unlikely to eat during that time, so the measurements of the
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physiological characteristics can be analysed to determine if
the subject is active (e.g. the subject can be deemed to be
active if the heart rate is above a heart rate threshold and/or
the breathing rate is above a breathing rate threshold), and
if so the control unit 4 will stop generating a magnetic field
using the excitation coil 20 and/or stop the processing of that
segment of the measurements of the eddy currents associ-
ated with the high activity. If it is determined that the subject
is less physically active (e.g. the heart rate is below the heart
rate threshold and/or the breathing rate is below the breath-
ing rate threshold), then the control unit 4 can control the
excitation coil 20 to generate a magnetic field and measure
the eddy currents using the measurement coil 22 and/or
start/continue the processing of that segment of the mea-
surements of the eddy currents associated with the low
activity level. In addition or alternatively, a measure of the
level of physical activity of the subject can be obtained using
an accelerometer (which may be the same accelerometer as
used to measure the physiological characteristic, or a sepa-
rate or additional accelerometer). In that case the level of
physical activity (which can, for example, be obtained by
analysing the magnitude of the accelerometer measure-
ments) can be compared to a threshold, and if the level of
physical activity is above the threshold, the control unit 4
can stop generating a magnetic field using the excitation coil
20 and/or stop the processing of that segment of the mea-
surements of the eddy currents associated with the high
activity level.

[0070] In addition or alternatively, since the temperature
of the stomach tends to increase when food and/or drink is
present (due to the digestion process), the temperature of the
stomach region can be measured by a temperature sensor
and the generation of a magnetic field and measurement of
eddy currents triggered when the temperature is above a
temperature threshold (e.g. above 40° C.).

[0071] In embodiments where the eddy current measure-
ments are analysed over a time window to determine a
change that may be due to food and/or drink entering the
stomach, it may be desirable to check whether the subject is
in the same posture throughout the time window. In particu-
lar, this is useful as the eddy current measurements can be
affected by a change in the posture of the subject. The
posture can, for example, be determined using an acceler-
ometer (Whether the same accelerometer used to measure the
physiological characteristic(s), or a separate accelerometer
included in the apparatus 2), by analysing the orientation
(direction) of the gravity acceleration vector with respect to
the axis of the accelerometer. Alternatively a gyroscope or
another type of sensor could be used to determine the
posture.

[0072] The diagram in FIG. 6 illustrates a specific method
according to an embodiment of the invention. In this
embodiment an ECG is used to measurement the heart rate
and respiration rate, and a temperature sensor is used to
trigger the start of the monitoring process.

[0073] Thus, at block 121 data/measurements are acquired
from a temperature sensor that measures the temperature (T)
in the stomach region (block 123). This temperature T is
compared to a threshold temperature that is used to deter-
mine whether digestion is taking place in the stomach (block
125). The threshold can be 40° C., although other values can
be used. If T is below the threshold, then the temperature is
monitored until it exceeds the threshold. Once T exceeds the
threshold, block 121 collects ECG measurements/data from
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an ECG sensor (block 127) and measurements of eddy
currents (shown as a magnetic inductance (MI) signal)—
block 129.

[0074] A frequency analysis of the ECG signal is then
performed in order to determine the heart rate and breathing
rate (block 131) and these rates (frequencies) are used to
filter heart rate and respiration rate components from the MI
signal (block 133), as in step 107 above. The filtered signal
is then analysed to determine information about the presence
of food, food digestion and motility (block 135). Optionally
this information can then be displayed to the subject or
another user of the apparatus 2.

[0075] There is therefore provided an improved method
and apparatus that provides a non-invasive and generally
unobtrusive solution for monitoring the ingestion of food
and/or drink by a subject.

[0076] Variations to the disclosed embodiments can be
understood and effected by those skilled in the art in
practicing the claimed invention, from a study of the draw-
ings, the disclosure and the appended claims. In the claims,
the word “comprising” does not exclude other elements or
steps, and the indefinite article “a” or “an” does not exclude
a plurality. A single processor or other unit may fulfil the
functions of several items recited in the claims. The mere
fact that certain measures are recited in mutually different
dependent claims does not indicate that a combination of
these measures cannot be used to advantage. A computer
program may be stored/distributed on a suitable medium,
such as an optical storage medium or a solid-state medium
supplied together with or as part of other hardware, but may
also be distributed in other forms, such as via the Internet or
other wired or wireless telecommunication systems. Any
reference signs in the claims should not be construed as
limiting the scope.

1. An apparatus for monitoring the ingestion of food
and/or drink by a subject, the apparatus comprising:

a control unit that comprises:

a first obtaining module configured to obtain measure-
ments of one or more physiological characteristics of
the subject;

a second obtaining module configured to obtain measure-
ments of eddy currents generated in the body of the
subject by an externally-applied magnetic field;

a setting module configured to set a respective cut-off
frequency for one or more filtering stages based on a
respective frequency for each of said one or more
physiological characteristics;

a filtering module configured to filter the measurements of
eddy currents using the one or more filtering stages to
remove signal components due to the one or more
physiological characteristics; and

a processing module configured to process the filtered
measurements to determine whether food and/or drink
is present in the stomach of the subject.

2. An apparatus as claimed in claim 1, wherein the one or
more physiological characteristics comprises one or more of
heart rate and breathing rate.

3. An apparatus as claimed in claim 1, wherein the
processing module is configured to process the filtered
measurements to determine whether food and/or drink is
present in the stomach of the subject by:

comparing the amplitude of the filtered measurements at
a time instant to a threshold.
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4. An apparatus as claimed in claim 3, wherein the
processing module is further configured to process the
filtered measurements to determine whether food and/or
drink is present in the stomach of the subject by:

determining that food and/or drink is present in the

stomach if the amplitude at the time instant is above the
threshold.

5. An apparatus as claimed in claim 3, wherein the
processing module is further configured to process the
filtered measurements to determine whether food and/or
drink is present in the stomach of the subject by:

processing the filtered measurements to identify a signal

relating to peristalsis in the subject; and

determining that food and/or drink is present in the

stomach of the subject if the amplitude at the time
instant is above the threshold and the signal relating to
peristalsis indicates that peristalsis is occurring in the
subject.

6. An apparatus as claimed in claim 1, wherein the
processing module is configured to process the filtered
measurements to determine whether food and/or drink is
present in the stomach of the subject by:

determining an amount by which the amplitude of the

filtered measurements has changed over a predeter-
mined time window; and

comparing the amount by which the amplitude of the

filtered measurements has changed over the predeter-
mined time window to a threshold.

7. An apparatus as claimed in claim 6, wherein the
processing module is further configured to process the
filtered measurements to determine whether food and/or
drink is present in the stomach of the subject by:

determining that food and/or drink is present in the

stomach if the amount is above the threshold.

8. An apparatus as claimed in claim 6, wherein the
processing module is further configured to process the
filtered measurements to determine whether food and/or
drink is present in the stomach of the subject by:

processing the filtered measurements to identify a signal

relating to peristalsis in the subject; and

determining that food and/or drink is present in the

stomach of the subject if the amount is above the
threshold and the signal relating to peristalsis indicates
that peristalsis is occurring in the subject.

9. An apparatus as claimed in claim 1, wherein the
apparatus further comprises:

an excitation coil for generating an eddy current in the

subject; and

a measurement coil for measuring the eddy current in the

subject.

10. An apparatus as claimed in claim 1, wherein the
apparatus further comprises:

one or more physiological characteristic sensors for

obtaining the measurements of the one or more physi-
ological characteristics of the subject.

11. (canceled)

12. (canceled)

13. (canceled)

14. (canceled)

15. (canceled)
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