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Description
TECHNICAL FIELD

[0001] The invention relates to an 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] An apparatus of the prior art to monitor the food or drink intake is disclosed in document US 2008/0097188. It
discloses a control unit configured to obtain eddy current measurements, perform filtering on said eddy current meas-
urements and determine whether food or drink is present in the stomach of a patient.

[0006] There is therefore a need for an improved 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

[0007] According to a first aspect, there is provided an apparatus for monitoring the ingestion of food and/or drink by
a subject as defined by claim 1.

[0008] In some embodiments, the one or more physiological characteristics comprises one or more of heart rate and
breathing rate.

[0009] In some embodiments, the one or more filtering stages comprises one or more low-pass filtering stages.
[0010] In some embodiments, the processing module is configured to process the filtered measurements to determine
whether food and/or drinkiis presentin the stomach of the subject by comparing the amplitude of the filtered measurements
at a time instant to a threshold.

[0011] 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.
[0012] In alternative 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 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.
[0013] 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
presentin the stomach if the amount 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 deter-
mining 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.

[0014] In some embodiments, 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.

[0015] In some embodiments, the apparatus further comprises one or more physiological characteristic sensors for
obtaining the measurements of the one or more physiological characteristics of the subject.
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[0016] 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 physiological 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.
[0017] According to the disclosure, 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;
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.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Fora 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:

Figure 1 is a block diagram of an apparatus according to an embodiment of the invention;

Figure 2 shows an apparatus according to an embodiment of the invention being worn by a subject;

Figure 3 shows a cross-section through a subject and the apparatus;

Figure 4 is a flow chart illustrating a method according to an embodiment of the invention;

Figure 5 shows different physiological characteristic measurements and a peristaltic component and a food intake
signal determined according to embodiments of the invention; and

Figure 6 is a flow chart illustrating a method according to an embodiment of the disclosure.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] 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 1mm) 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.

[0020] 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.
[0021] 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.

[0022] 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
expelling chyme into the intestine (known as peristalsis) can affect the eddy current.

[0023] 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
frequency of around, for example, 0.05-0.06 Hz) if food and/or 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
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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.
[0024] 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 stomach), 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.

[0025] Figure 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/ordrinkis presentin the stomach based on the filtered signal. The control unit4 can comprise one or more processors,
processing units, multi-core processors or modules that are configured or programmed to control the apparatus 2 to
monitor the subject as described below.

[0026] In particular implementations, the control unit 4 can comprise a plurality of software and/or hardware modules
that are each configured to perform, or are for performing, 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 performing steps 101-109 of Figure 4 respectively, and which are
described in more detail below.

[0027] 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).

[0028] In some embodiments, the apparatus 2 can comprise 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 meas-
urement coil 22 (or other component for measuring an eddy current in the subject) and/or one or more physiological
characteristic sensors 24 for measuring one or more physiological characteristics of the subject. The measurements of
the eddy current and physiological characteristic(s) 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.

[0029] 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.

[0030] 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 measurement 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).

[0031] The physiological characteristic sensor 24 measures 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 char-
acteristic 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 sensor, 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’ meas-
urements (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.
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[0032] 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.

[0033] In some embodiments, the apparatus 2 can further comprise a temperature sensor that is to be worn on the
subject’s body near the stomach in order to measure changes in temperature related to digestion.

[0034] It will be appreciated that Figure 1 only shows the components required to illustrate this aspect of the invention,
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 phys-
iological 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).
[0035] 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 monitoring
process.

[0036] Figure 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 measures the eddy current generated in that part of the body. It is not
necessary for the apparatus 2 to be worn against the

[0037] Figure 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.

[0038] Figure 4 illustrates a method of monitoring the ingestion of food and/or drink by a subject 30 according to the
disclosure. This method can generally be performed by or under the control of control unit 4.

[0039] In afirst step, step 101, which can be performed or implemented by the first obtaining module 6, measurements
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 meas-
urements). In the latter case, step 101 may comprise processing the raw measurements to determine measurements
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.).

[0040] In a second step, step 103, which can be performed or implemented by the second obtaining module 8, meas-
urements 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 meas-
urements are obtained directly from a measurement coil 22, the method may also comprise generating a magnetic field
in the subject 30 using the excitation coil 20 (for example by supplying a current to the excitation coil 20).

[0041] 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.

[0042] 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
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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 filtering 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
measured (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
characteristic 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).

[0043] In some embodiments there can be respective filtering stages for each of the measured physiological charac-
teristics, 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.
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.

[0044] 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).

[0045] Once the cut-off frequency(ies) has/have been set in step 105, the eddy current measurements 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.

[0046] 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 performed or implemented by processing module 14.

[0047] In a simple embodiment, step 109 can comprise determining the amplitude of the filtered signal at a particular
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.

[0048] 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 predetermined
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 determined that food and/or drink is no longer present in the stomach.
[0049] 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 techniques,
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.

[0050] In some embodiments, step 109 can comprise processing the filtered measurements to identify a signal relating
to peristalsis. For example, a frequency decomposition 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 remaining 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 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.

[0051] It will be appreciated that in the above embodiments the peristalsis component is effectively removed from the
eddy current measurements and the remaining measurements are processed to determine if there is an increase con-
sistent 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 conditional 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).

[0052] Figure 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 Figures 5(a)-(d), the x-axis
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represents time in seconds, and the y-axis represents the normalised amplitude of the relevant signal. Thus, Figure 5(a)
is a heart rate signal with a frequency of 1 Hz (i.e. 60 beats per minute), and Figure 5(b) is a respiration rate signal with
afrequency of 0.2 Hz (i.e. 12 breaths per minute). As described above the frequencies associated with the physiological
characteristic in Figures 5(a) and (b) are used by a filtering stage (or respective filtering stages) to remove eddy current
components due to those characteristics. Figure 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). Figure 5(d) shows a food intake signal obtained
from the remaining eddy current measurements 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.
[0053] Itwill be appreciated thatthe method in Figure 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.

[0054] In some embodiments, as described in more detail below, the filtered measurements can be processed to
identify 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, butin other cases the analysis can operate directly on the filtered current measurements.
In some embodiments, the amount of food and/or drink ingested can be estimated based on the magnitude of the change
in conductivity.

[0055] The eddy current densityj in living tissue is governed by the following diffusion equation:

>

27 _ 9]
v = oudl 1]

where ois the electrical conductivity, and u is the permeability 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.
[0056] 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.

[0057] As previously described, the effects of (i), (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 electrochemical 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 conductivity of the
medium as follows:

o(w) = 0, + weye’ [2]

0 =4¢q > Zin;u; [3]

[0058] Where o;is the conductivity arising from the electric-field induced motions of the various ions in the electrolyte.
In the case of the stomach during digestion, it is possible to consider predominant H* as an ionic species so z, 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 digestion is near to 0 mole, so there is no change in the conductivity of the stomach.

[0059] 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 illustrating the times at which food has been ingested/food was
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present in the stomach.

[0060] In some embodiments, the measurements of the physiological characteristics (or the measurements from the
physiological characteristic sensor 24) can be used to determine 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 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 associated
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 breathing 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 measurements 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 separate
or additional accelerometer). In that case the level of physical activity (which can, for example, be obtained by analysing
the magnitude of the accelerometer measurements) 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 measurements of the eddy currents associated with the high activity level.
[0061] 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).

[0062] Inembodiments where the eddy current measurements 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 particular, 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 accelerometer (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.

[0063] The diagram in Figure 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.

[0064] Thus, atblock 121 data/measurements are acquired from a temperature sensor that measures the temperature
(T) inthe stomach region (block 123). This temperature T is compared to a threshold temperature thatis used to determine
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 an ECG sensor (block 127) and measurements of eddy
currents (shown as a magnetic inductance (Ml) signal) - block 129.

[0065] 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 Ml
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.

[0066] 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.

[0067] 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 drawings, 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. 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.

Claims

1. An apparatus for monitoring the ingestion of food and/or drink by a subject, the apparatus comprising:
a control unit (4) that comprises:
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a first obtaining module (6) configured to obtain measurements of one or more physiological characteristics
(24) of the subject;

a second obtaining module (8) configured to obtain measurements of eddy currents generated in the body of
the subject by an externally-applied magnetic field (20,22);

a setting module (10) 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 (12) 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 (14) configured to process the filtered measurements to determine whether food and/or
drink is present in the stomach of the subject.

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

An apparatus as claimed in claim 1 or 2, wherein the processing module (14) 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.

An apparatus as claimed in claim 3, wherein the processing module (14) 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 instantis above the threshold.

An apparatus as claimed in claim 3, wherein the processing module (14) 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.

An apparatus as claimed in claim 1 or 2, wherein the processing module (14) 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 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.

An apparatus as claimed in claim 6, wherein the processing module (14) 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.

An apparatus as claimed in claim 6, wherein the processing module (14) 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.

An apparatus as claimed in any of claims 1-8, wherein the apparatus further comprises:

an excitation coil (20) for generating an eddy current in the subject; and
a measurement coil (22) for measuring the eddy current in the subject.

An apparatus as claimed in any of claims 1-9, wherein the apparatus further comprises:
one or more physiological characteristic sensors (24) for obtaining the measurements of the one or more physiological
characteristics of the subject.
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1. Vorrichtung zum Uberwachen der Einnahme von Speisen und/oder Getrénken durch ein Subjekt, wobei die Vor-
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richtung Folgendes umfasst:
eine Steuerungseinheit (4), die Folgendes umfasst:

ein erstes Erlangungsmodul (6), das konfiguriert ist, Messungen einer oder mehrerer physiologischer Eigen-
schaften (24) des Subjekts zu erlangen;

ein zweites Erlangungsmodul (8), das konfiguriert ist, durch ein extern angelegtes Magnetfeld (20,22) Messun-
gen im Korper des Subjekts erzeugter Wirbelstréme zu erlangen;

ein Einstellungsmodul (10), das konfiguriert ist, eine entsprechende Grenzfrequenz fir eine oder mehrere Fil-
terstufen auf der Basis einer entsprechenden Frequenz fir jede der einen oder mehreren physiologischen
Eigenschaften einzustellen;

ein Filtermodul (12), das konfiguriert ist, die Messungen von Wirbelstrdmen unter Verwendung der einen oder
mehreren Filterstufen zu filtern, um Signalkomponenten aufgrund der einen oder mehreren physiologischen
Eigenschaften zu entfernen; und

ein Verarbeitungsmodul (14), das konfiguriert ist, die gefilterten Messungen zu verarbeiten, um zu bestimmen,
ob Speisen und/oder Getranke im Magen des Subjekts vorhanden sind.

Vorrichtung nach Anspruch 1, wobei die eine oder mehreren physiologischen Eigenschaften eine oder mehrere von
Herzfrequenz und Atemfrequenz umfassen.

Vorrichtung nach Anspruch 1 oder 2, wobei das Verarbeitungsmodul (14) konfiguriert ist, die gefilterten Messungen
zu verarbeiten, um zu bestimmen, ob Speisen und/oder Getranke im Magen des Subjekts vorhanden sind, durch:
Vergleichen der Amplitude der gefilterten Messungen zu einem Zeitpunkt mit einem Schwellenwert.

Vorrichtung nach Anspruch 3, wobei das Verarbeitungsmodul (14) weiter konfiguriert ist, die gefilterten Messungen
zu verarbeiten, um zu bestimmen, ob Speisen und/oder Getranke im Magen des Subjekts vorhanden sind, durch:
Bestimmen, dass Speisen und/oder Getranke im Magen vorhanden sind, wenn die Amplitude zu dem Zeitpunkt
oberhalb des Schwellenwertes liegt.

Vorrichtung nach Anspruch 3, wobei das Verarbeitungsmodul (14) weiter konfiguriert ist, die gefilterten Messungen
zu verarbeiten, um zu bestimmen, ob Speisen und/oder Getranke im Magen des Subjekts vorhanden sind, durch:

Verarbeiten der gefilterten Messungen, um ein Signal zu identifizieren, das sich auf Peristaltik in dem Subjekt
bezieht; und

Bestimmen, dass Speisen und/oder Getranke im Magen des Subjekts vorhanden sind, wenn die Amplitude zu
dem Zeitpunkt oberhalb des Schwellenwertes liegt und das Signal, das sich auf Peristaltik bezieht, angibt, dass
Peristaltik in dem Subjekt stattfindet.

Vorrichtung nach Anspruch 1 oder 2, wobei das Verarbeitungsmodul (14) konfiguriert ist, die gefilterten Messungen
zu verarbeiten, um zu bestimmen, ob Speisen und/oder Getranke im Magen des Subjekts vorhanden sind, durch:

Bestimmen einer Menge, um die sich die Amplitude der gefilterten Messungen Uber ein vorgegebenes Zeitfenster
verandert hat; und

Vergleichen der Menge, um die sich die Amplitude der gefilterten Messungen liber das vorgegebene Zeitfenster
verandert hat, mit einem Schwellenwert.

Vorrichtung nach Anspruch 6, wobei das Verarbeitungsmodul (14) weiter konfiguriert ist, die gefilterten Messungen
zu verarbeiten, um zu bestimmen, ob Speisen und/oder Getranke im Magen des Subjekts vorhanden sind, durch:
Bestimmen, dass Speisen und/oder Getranke im Magen vorhanden sind, wenn die Menge oberhalb des Schwel-
lenwertes liegt.

Vorrichtung nach Anspruch 6, wobei das Verarbeitungsmodul (14) weiter konfiguriert ist, die gefilterten Messungen
zu verarbeiten, um zu bestimmen, ob Speisen und/oder Getranke im Magen des Subjekts vorhanden sind, durch:

Verarbeiten der gefilterten Messungen, um ein Signal zu identifizieren, das sich auf Peristaltik in dem Subjekt
bezieht; und
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Bestimmen, dass Speisen und/oder Getranke im Magen des Subjekts vorhanden sind, wenn die Menge im
Magen des Subjekts oberhalb des Schwellenwertes liegt und das Signal, das sich auf Peristaltik bezieht, angibt,
dass Peristaltik in dem Subjekt stattfindet.

Vorrichtung nach einem der Anspriiche 1-8, wobei die Vorrichtung weiter Folgendes umfasst:

eine Erregerspule (20) zum Erzeugen eines Wirbelstroms in dem Subjekt; und
eine Messspule (22) zum Messen des Wirbelstroms in dem Subjekt.

Vorrichtung nach einem der Anspriiche 1-9, wobei die Vorrichtung weiter Folgendes umfasst:
ein oder mehrere Sensoren der physiologischen Eigenschaften (24) zum Erlangen der Messungen der einen oder
mehreren physiologische Eigenschaften des Subjekts.

Revendications

1.

Appareil de surveillance de l'ingestion d’aliment et/ou de boisson par un sujet, 'appareil comprenant :
une unité de commande (4) qui comprend :

un premier module d’obtention (6) configuré pour obtenir des mesures d’'une ou plusieurs caractéristiques
physiologiques (24) du sujet ;

un deuxiéme module d’obtention (8) configuré pour obtenir des mesures de courants de Foucault générés dans
le corps du sujet par un champ magnétique appliqué de fagon externe (20, 22) ;

un module de réglage (10) configuré pour régler une fréquence de coupure respective pour un ou plusieurs
étages de filtrage sur la base d’'une fréquence respective pour chacune desdites une ou plusieurs caractéris-
tiques physiologiques ;

un module de filirage (12) configuré pour filtrer les mesures de courants de Foucault au moyen des un ou
plusieurs étages de filirage pour éliminer les composantes de signal dues aux une ou plusieurs caractéristiques
physiologiques ; et

un module de traitement (14) configuré pour traiter les mesures filtrées afin de déterminer si un aliment et/ou
une boisson est présent dans I'estomac du sujet.

Appareil selon la revendication 1, dans lequel les une ou plusieurs caractéristiques physiologiques comprennent
une ou plusieurs de la fréquence cardiaque et de la fréquence respiratoire.

Appareil selon la revendication 1 ou 2, dans lequel le module de traitement (14) est configuré pour traiter les mesures
filtrées pour déterminer si un aliment et/ou une boisson est présent dans I'estomac du sujet par :
comparaison de I'amplitude des mesures filtrées a un point temporel par rapport a un seuil.

Appareil selon la revendication 3, dans lequel le module de traitement (14) est en outre configuré pour traiter les
mesures filtrées pour déterminer si un aliment et/ou une boisson est présent dans I'estomac du sujet par :
détermination du fait qu’un aliment et/ou une boisson est présent dans I'estomac si 'amplitude a ce point temporel
est supérieure au seuil.

Appareil selon la revendication 3, dans lequel le module de traitement (14) est en outre configuré pour traiter les
mesures filtrées pour déterminer si un aliment et/ou une boisson est présent dans I'estomac du sujet par :

traitement des mesures filtrées pour identifier un signal lié au péristaltisme chez le sujet ; et

détermination du fait qu’un aliment et/ou une boisson est présent dans I'estomac du sujet si 'amplitude a ce
point temporel est supérieure au seuil et le signal lié au péristaltisme indique que le péristaltisme se produit
chez le sujet.

Appareil selon la revendication 1 ou 2, dans lequel le module de traitement (14) est configuré pour traiter les mesures
filtrées pour déterminer si un aliment et/ou une boisson est présent dans I'estomac du sujet par :

détermination d’'une quantité par laquelle 'amplitude des mesures filtrées a changé sur une fenétre temporelle

prédéterminée ; et
comparaison de la quantité par laquelle 'amplitude des mesures filtrées a changé sur la fenétre temporelle
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prédéterminée par rapport a un seuil.
Appareil selon la revendication 6, dans lequel le module de traitement (14) est en outre configuré pour traiter les
mesures filtrées pour déterminer si un aliment et/ou une boisson est présent dans I'estomac du sujet par :

détermination du fait qu’'un aliment et/ou une boisson est présent dans I'estomac sila quantité est supérieure au seuil.

Appareil selon la revendication 6, dans lequel le module de traitement (14) est en outre configuré pour traiter les
mesures filtrées pour déterminer si un aliment et/ou une boisson est présent dans I'estomac du sujet par :

traitement des mesures filtrées pour identifier un signal lié au péristaltisme chez le sujet ; et
détermination du fait qu’un aliment et/ou une boisson est présent dans I'estomac du sujet si la quantité est
supérieure au seuil et le signal lié au péristaltisme indique que le péristaltisme se produit chez le sujet.

Appareil selon I'une quelconque des revendications 1 a 8, dans lequel I'appareil comprend en outre :

une bobine d’excitation (20) pour générer un courant de Foucault chez le sujet ; et
une bobine de mesure (22) pour mesurer le courant de Foucault chez le sujet.

Appareil selon I'une quelconque des revendications 1 a 9, dans lequel I'appareil comprend en outre :

un ou plusieurs capteurs de caractéristiques physiologiques (24) pour obtenir les mesures des une ou plusieurs
caractéristiques physiologiques du sujet.

12
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