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Description

FIELD

[0001] The present invention relates to using magne-
tometers, and more precisely to the determination of the
disposition of an object using magnetometers.

BACKGROUND

[0002] Amblyopia is a vision disorder whereby infor-
mation from one eye is not completely transmitted or not
fully processed by the brain in favor of information from
the other, "strong" eye. A common treatment modality for
Amblyopia is the periodic occlusion of the "strong" eye
for a prescribed duration over a specified time period.
Occlusion may be achieved with an opaque "patch" that
coversthe eye by attachment to the face or by attachment
to eyeglass lens or frame. This method of periodic occlu-
sion is commonly referred to as "patching." Patching is
also used as a treatment of strabismus and other vision
disorders.

[0003] The most common method of tracking such
treatmentis asking the patientor caregiver to keep diaries
or logs of patching without the use of any automation.
The diary is reviewed when the patient next meets with
their practitioner. This method relies on the patient or
caregiver accurately recording these times. However,
this may often be inaccurate.

[0004] A priorartapparatus uses two skin contact elec-
trodes added to an adhesive patch and connected to
electronics carried in a separate bag. The device seeks
to use electrical resistance measurements between the
electrodes as a sign of the patch being worn.

[0005] Another prior art apparatus attaches a small,
self-contained device to a patch and monitors the tem-
perature difference between the front and back of the
device, as a signal for the wearing of the patch. This
method does not rely on the patient or caregiver remem-
bering to record timings but does require them to remem-
ber to transfer the sensor/microcontroller combination
from patch to patch. Such devices are disclosed in
"Measuring wearing times of glasses and ocular patches
using a thermosensor device from orthodontics" from Kai
Januschowski et al. (the ophthalmologic journal of the
nordic countries, vol. 91, no. 8, 1.12.2013) or in "Elec-
tronic recording of occlusion treatment for amblyopia: po-
tential of the new technology" from Yaroslava Chopovska
et al. (Graefe’s Archive for clinical and experimental oph-
thalmology, vol. 243, no. 6, 1.06.2005).

SUMMARY OF THE INVENTION
[0006] The scope of protection is defined by the claims.

BRIEF DESCRIPTION OF THE FIGURES

[0007] The present invention is illustrated by way of
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example, and not by way of limitation, in the figures of
the accompanying drawings and in which like reference
numerals refer to similar elements and in which:

Figure 1 is a block diagram of one embodiment of
an occlusion dosage monitor (ODM).

Figure 2A illustrates one embodiment of a top view
of the user’s face, showing glasses and logging de-
vice.

Figure 2B illustrates a cross-section of the logging
device and one glass arm, showing the relative po-
sitions.

Figure 2C illustrates an embodiment of the logging
device showing two sensors.

Figure 2D illustrates one embodiment of the logging
device showing one sensor.

Figure 2E is a block diagram of one embodiment of
the logging device.

Figure 2F is an exemplary circuit diagram of one em-
bodiment of the logging device.

Figure 3A, 3C, and 3D illustrate embodiments of a
top view of the user’s face, showing glasses, patch,
and logging device.

Figure 3B illustrates an exemplary patch, showing
one embodiment of a relative location of the magnet.
Figure 4 is a flowchart of one embodiment of utilizing
the system.Figure 5A illustrates an exemplary time-
series output from an ODM with a single magnetom-
eter, and a large magnet.

Figure 5Billustrates an exemplary time-series output
from an ODM with a single magnetometer, and a
small magnet

Figure 5C illustrates an exemplary time-series out-
put from an ODM with two magnetometers, and a
small magnet.

DETAILED DESCRIPTION

[0008] Amblyopia is a vision disorder whereby infor-
mation from one eye is not completely transmitted or not
fully processed by the brain in favor of information from
the other, "strong" eye. A common treatment modality for
Amblyopia is the periodic occlusion of the "strong" eye
for a prescribed duration over a specified time period.
Occlusion may be achieved with an opaque "patch" that
covers the eye or attaches to the eyeglass frame or lens.
This method of periodic occlusion is commonly referred
to as "patching". Patching is also used as a treatment of
Strabismus and other vision disorders.

[0009] The system described in one embodiment uti-
lizes a small magnet, in an eye patch such that the mag-
net is positioned on the side of the face in the region just
behind the eye (or directly over the eye), or placed on or
near where the lens and the leg of the spectacles meet
(for the case of a patch on the lens), and one or more
magnetometers to monitor compliance with the required
wearing of the patch. This permits the use of a lightweight,
simple, and cheap patch. It also permits adding a magnet
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to an existing patch.

[0010] The presence or absence of the magnetis mon-
itored by a device in close proximity to the magnet. In
one embodiment, the logging device may be attached to
the adjacent leg ("temple") of a pair of eyeglasses. The
logging device makes and stores measurements of the
magnetic field. Analysis of these measurements allows
for a determination of those periods in time when the
magnet is and is not present and further, when a magnet
is present, it's disposition. In one embodiment, the dis-
tance from the nearest part of the device to the magnet
may typically be less than 7,62 cm (3 inches). In other
applications this distance can be longer, or shorter.
[0011] The detection of the magnet takes account of
the sharp spatial drop-off in the magnetic field from the
magnet; the presence of the background magnetic field
of the Earth with respect to which the temple and mag-
netometer(s) change orientation as the eyeglasses move
with their wearer; and the measurement errors of practi-
cal magnetometers.

[0012] Thegoalisto provide, after a period of operation
of a device, a time-series of numbers which when graph-
ed allow identification of those time periods during which
the magnet was present (patch on) and absent (patch
off). In addition, the data may be used to determine when
the eyeglasses were stationary and deduce when the
glasses were not being worn. This is of value quite apart
from knowing when the patch was on.

[0013] Inone embodiment, one magnetometer may be
used to detect a large enough magnet. In another em-
bodiment, two magnetometers are used in combination
to detect smaller/weaker magnets. Because the magnet
is worn, having a lower magnetic force, and smaller mag-
net is preferred, to minimize risks to health (swallowed
magnets), electronic devices, and for comfort.

[0014] Thebelow examples focus on an occlusion dos-
age monitor, but one of skill in the art would understand
that the combination of magnet, magnetometer(s), and
analysis described below may be applicable to other uses
in which the disposition of an object may be monitored
over time.

[0015] Figure 1illustrates one embodiment of the ODM
system. The system in one embodiment includes a Mod-
ified Eye-Patch (109) with a magnet (100), a Logging
Device (101), a Base Station or interrogator (102), and
a Data Processor (103). The modified eye-patch (109)
may be attached to the eyeglass lens, stuck over the
user’s eye, or attached in some other way to occlude the
selected eye. The Logging Device (101) is kept in close
proximity to the patch.

[0016] The Logging Device (101) is mounted on a pair
of eyeglasses (104) worn by the patient.

[0017] The Logging Device (101) communicates with
a Base Station (102) via a communication link (105). The
communication link (105) may utilize, but is not limited
to, a wired or wireless or optical connection. In one em-
bodiment, the Logging Device (101) is designed to have
enough memory to log data until the user visits the med-
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ical doctor, where the communication link (105) may be
connected to the Logging Device (101), and the data may
be downloaded. The communication link (105) may be a
MicroUSB or other small form factor connector.

[0018] The Base Station (102) may connectto the Data
Processor (103) for the purpose of data collation and
analysis. To effect this connection, the Base Station (102)
may have a connection (106) to the Internet (107). Sim-
ilarly the Data Processor (103) may also have a connec-
tion (108) to the Internet (107). Alternatively the Base
Station (102) and Data Processor (103) may communi-
cate directly or via some other means. Alternatively, Base
Station (102) may be within the same computing device
as Data Processor (103) and they may communicate di-
rectly via an internal bus or similar communication mech-
anism.

[0019] The Logging Device (101) is mounted on the
eyeglasses (104) as depicted in Figure 2A. The curvature
(201) represents the user’s facial contour, depicted from
above, with the glasses (104) and the attached logging
device (101) also shown. In one embodiment, the Log-
ging Device is positioned along the eyeglasses leg with
a preference to position it as far from the eye as possible,
while still maintaining detection range. In one embodi-
ment, as shown, the Logging Device (101) may be mount-
ed on the outside of the leftarm of the Patient’s eyeglass-
es to monitor the occlusion dose of the left eye. In the
case when the right eye is to be patched the Logging
Device (101) may be mounted on the outside of the right
arm of the Patient’s eyeglasses. Other mounting config-
urations may also be used. For example the logging de-
vice (101) may be mounted on the inside of the eyeglass
frame. The particular mounting configuration may de-
pend upon the size and style of the patient’s eyeglasses.
[0020] A modified eye patch (109) is shown in Figure
3B. In one embodiment, it is of the type commonly used
for amblyopia treatment. In one embodiment, the eye
patch (109) is one of: an adhesive bandage patch which
is applied to the user’s face to cover the eye, a patch for
attaching to the eyeglasses in front of or behind the lens,
and an eye patch over the eye which is held in place by
an elastic band or string. The patch (109) is customized
by the addition of a magnet (301). The magnet (301) may
be built into the eye patch, stuck on the eye patch, en-
closed in a cover which is adhered to the outside of the
eye patch, or inserted within the patch during manufac-
ture. Amagnetis considered to be any device that creates
a magnetic field. In one embodiment, instead of a per-
manent magnet, magnet (301) may be multiple smaller
magnets, an electromagnet, or something else which
generates a magnetic field. The magnet is small in size
and lightweight, to minimize discomfort to the wearer. In
one embodiment, the magnets also have low magnetic
field strength. This is for patient safety and for minimal
interference with other devices or cards with magnetic
stripe.

[0021] The magnet (301) in one embodiment is at-
tached securely to, or embedded within, the patch (109)
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at a location on the outside edge of the patch. In one
embodiment, the location of the magnet (301) is prefer-
ably in an area on or above the cheek. Generally patches
are directional.

[0022] Figure 2B shows a cross section through the
arm of the eyeglasses (104) and the Logging Device
(101). The Logging Device is attached to the arm of the
eyeglass by an attachment mechanism, such as heat
shrink tubing, glue, epoxy, hook and loop fastener, screw,
tension mount, clasp, etc. The logging device (101)
should not move or shift with respect to the eyeglass leg.
The attachment may be permanent or temporary. In one
embodiment, the long axis of the Logging Device (101)
is largely parallel with the eyeglasses leg (104), when
attached. The same configuration may be used to mon-
itor the left eye or the right eye. In one embodiment, ro-
tation of the logging device (101) about this long axis,
parallel with the eyeglass leg, allows mounting on the
opposite eyeglass leg, enabling use of the same Logging
Device (101) configuration, regardless of which site it is
to be used for.

[0023] The preferred embodiment contains two mag-
netic sensors (202 & 203) as shown in Figure 2C.. An
alternate embodiment with a single sensor is shown in
Figure 2D. In one embodiment, as shown in Figure 2C
the two sensors are aligned along the long axis of the
logging device, and placed relatively far from each other.
The two magnetometers are further aligned with respect
to each other such that the X axis of the first magnetom-
eter is substantially parallel to the X axis of the other
magnetometer, and similarly with the Y and Z axes. The
sensors may also be placed in any orientation with re-
spect to the eyeglasses. In one embodiment, the sepa-
ration between the sensors is maximized within the con-
straints of the logging device enclosure. In one embodi-
ment, the positioning of the two magnetometers is such
that the magnetic field detected by each from the magnet
in the patch is different due to the magnet’s dipole field.
This enables use of the spatially variable field to detect
a smaller magnet more accurately, and will be discussed
below.

[0024] The magnetic sensors (202, 203) each meas-
ure the intensity and direction of the magnetic field pass-
ing through them. That is, they measure the magnetic
field vector passing through them.

[0025] Inthe real world, magnetometers although sen-
sitive can provide wildly inaccuarate readings, due to
large offset and differing axis gains which can drift over
time. However, analysis can circumvent these issues.
Prior art magnetometer systems eitherignore offsets and
gains, and assume that measurements are highly accu-
rate as well as sensitive, or require intense calibration
methods prior to measurements being conducted.
[0026] The output measure of each of the magnetom-
eter's axis measurements can be modeled as a linear
function of the component of the magnetic field present
in the direction of the axis in question, with an offset, and
a smaller cross-coupling contribution from off-axis com-
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ponents of the magnetic field. We can approximate this
mathematically, in vector form, as: M = é + G.§ + e
Where

M is the measurement output 3-vector, with a com-
Eonent for each of the three axes.

B is the true 3-vector magnetic field being measured
A provides the offset for each of the three axes.
Glsa mostly diagonal 3x3 matrix multiplying each
of the components of B along a given axis, to con-
tribute a measured effect along the same axis. The
off-diagonal terms couple the components of B with
measured effects in magnetometer axes ortho?gonal
to them.

€ is a 3-vector representation of the small random
errors due to thermal fluctuations and transient in-
terference effects within the electronic circuitry. It will
have a zero mean.

[0027] Calibration of a non-ideal magnetometer can be
attempted by rotating the magnetometer in a constant
magnetic field and taking measurements at many orien-
tations, and then running a mathematical algorithm to
best fit the measurements to an ellipsoid. The result of
this fit yields values for a constant A and G, and for the
standard deviation of the random eﬁor, _€. Such calibra-
tion is not possible in the operation of a Logging Device
and can be overcome through suitable analysis of the
measurement output.

[0028] With a single magnetometer embodiment, in
one embodiment, the process uses a shift in the range
observed magnitude of M(|M|) values to discern those
time periods when a ma_gnet is present. With the dual
magnetometers, in one embodiment, a shift in the |M|
level is used to discern the presence of the magnet.
[0029] Fig 5A shows modeled output of a single mag-
netometer with a relatively large magnet introduced and
removed. The presence of the magnet can be clearly
discerned by the jump in measured magnitude of the sen-
sor’s vector output. The period during which the magnet
was present is designated by lines, beginning at time-
point 93 and ending at time-point 231.

[0030] Fig. 5B shows the same single magnetometer
and magnet disposition over time as in Fig. 5A but with
a weaker magnet. It will be seen that the presence of the
magnet cannot be reasonably discerned from the mag-
nitude signal. This is because the magnet produces a
field at the magnetometer which when added to the
Earth’s magnetic field cannot be distinguished from that
of the Earth due to the inherent non-idealities of a prac-
tical magnetometer.

[0031] Fig5C showstheresults of anidentical arrange-
ment to that in Fig 5B, but with the addition of a second
magnetometer. Fig 5C show the time plot of the differ-
ence in measured output of each magnetometer for each
of the three aligned, orthogonal axes, X, Y and Z. The
presence and absence of the magnet can now clearly be
discerned.
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[0032] These figures show that the operational regime
of a single practical magnetometer will meet a limit at
small magnet strength, and this limit can be surpassed
by using a second magnetometer of same design, but
using the difference vector.

[0033] Figure 2D illustrates the alternative embodi-
ment not forming part of the present invention with a sin-
gle magnetometer. The magnetometer may be posi-
tioned anywhere along the logging device. In one em-
bodiment, the magnetometer is positioned along the por-
tion of the logging device that is closest to the patch. In
this embodiment the magnet must be sufficiently strong
to make a contribution to the magnetic field at the single
magnetometer sufficient to be detectable by the meas-
urement process which combines the effects of offsets,
different axis gains and the presence of the Earth’s mag-
netic field. The small random errors, e reduce the sen-
sitivity but are small compared with typical offset and gain
effects which greatly reduce the accuracy of M as a direct
correlate of the magnetic field vector being measured.
With this embodiment, the effects of other local fields
such as telephones, headphones or other sources may
be sufficient under certain circumstances to prevent a
clear determination of the presence or absence of a mag-
net. The employment of operational rules adopted by the
patient and care-giver limiting the presence of such mag-
netic field sources would allow full determination of the
presence or absence of a magnet.

[0034] Figure 2E shows one embodiment of the Log-
ging device (101), which includes one or more magne-
tometers (220), a microcontroller (222), non-volatile
memory (224) such as a Flash memory, a battery or elec-
trical power source (226), and a connection mechanism
(228). In one embodiment, the battery (226) may be a
small watch battery. In one embodiment, the battery
(226) may be rechargeable. In one embodiment, the mi-
crocontroller (222) is an Atmel ATtiny85. In one embod-
iment, the magnetometers (220) are 3-Axis Digital Com-
pass IC HMC5883L by HONEYWELL™.

[0035] The connection mechanism (228) provides a
method to communicate the data stored in the Logging
Device (101) to the base station (102) described above.
In one embodiment, the connection mechanism (228)
also provides a path for communication from the Base
Station (102) to the Logging Device (101). In one em-
bodiment, the raw data received by the magnetometers
(220) is processed by microcontroller (222) and stored
in memory (224). In another embodiment, the raw mag-
netometer data is stored in memory, and processing is
done in data processor (103) or other computer system
remote from the logging device (101). Once stored, the
data is available for download/access. Figure 2F is an
exemplary circuitdiagram of one embodiment of the Log-
ging Device.

[0036] One embodiment of the relative position of the
magnet (301) and the magnetic sensors (202 & 203) is
shown in Figure 3A. The user’s eye areal/facial curvature
201 is partially covered by patch 109, which includes a
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smallmagnet 301. In one embodiment the patch adheres
to the patient’s face around the patch rim. The sensors
(202 & 203) and magnet (301) need not be aligned. How-
ever in one embodiment the positioning of the logging
device with respect to the magnet is optimized such that
the magnetic field vector sensed by each magnetic sen-
sor (202 & 203) is measurably different. This optimum
position may depend on the shape and size of the pa-
tient’s head and the configuration of the spectacles and
patch.

[0037] When the magnet (301) is not present both
magnetic sensors are subject to the Earth’s magnetic
field. The distance separating the magnetic sensors is
small and so the Earth’s magnetic field measured by the
two sensors is assumed identical. When a strong dipole
magnetic field, such as that generated by the magnet, is
positioned relatively close to the logging device each
magnetic sensor experiences a differing field vector.
Since magnetic strength falls off at the cube of distance
(1/r3), even a small distance between the sensors will
have a real impact on the magnetic field detected. In ad-
dition, if the magnet were equidistant from the two mag-
netometers, while the field strengths might be commen-
surate, their directions would differ. The foregoing may
also be true for more complex fields, such as that from
two or more magnets.

[0038] Therefore using a mathematical model of the
dipole (or more complex) field, the relative position of the
magnet with respect to the logging device may be inferred
from the size and direction of the vector difference of the
two sensors. Using this method, it is possible to infer if a
patch is being worn or not. Other, local fields may be
present temporarily, emanating from telephones, head-
phones, etc. - either while the eyeglasses are worn,
stored or transported. Although such fields will also gen-
erate a vector difference in the magnetic fields of the two
sensors, their size, orientation and variation in time will
often be distinguishable from those of magnet on the
patch when the Data Processor analyzes the measure-
ments.

[0039] Figures 3C and 3D illustrate alternative patch
configurations, in which the patch is attached to the eye-
glasses either in front or behind the lens of the glasses,
or is a freestanding or non-adhesive patch, secured with
an elastic or similar attachment mechanism. The config-
uration of the patch is not limited, and merely requires a
patch that can be modified with a magnet.

[0040] Figure 4 is a flowchart of one embodiment of
utilizing the system. The process starts at block 410,
when the system is initialized.

[0041] Atblock 420, instructions are received from the
Logging Device microcontroller to measure the magnetic
field. In one embodiment, this is detected as a three-
dimensional vector quantity from each magnetometer. In
one embodiment, this occurs periodically. The period
may be invariant, on the order of seconds, or minutes.
The period may be variable depending on anticipated
activity levels or time of day. In one embodiment the pe-
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riod is nominally invariant at one minute. In certain other
embodiments the period may be controlled adaptively.
[0042] At block 430, these measurements may be ex-
amined by a program in the microcontroller to calculate
derived information. In one embodiment, the derived in-
formation is a differential measurement between the two
magnetometers to minimize the influence of earth’s mag-
netic field. In other embodiments, this block is bypassed
and the derived information may merely be the un-
changed, raw measurements.

[0043] At block 440, the derived information is stored
in memory. In one embodiment, the memory is non-vol-
atile memory such as Flash memory. In one embodiment,
the data is stored with time-stamp information. The de-
rived information, together with the corresponding time-
stamp information is collectively termed the "Data Log".
In another embodiment, time stamp information is stored
only on every N-th measurement, since the periodicity
permits derivation of the actual time. In one embodiment,
the time stamp information is stored only every 3 hours.
In a further embodiment, no timestamp information is re-
corded, save for the time of the initiation of monitoring.
The timestamps for each measurement are inferred by
the position of the measurements in the data log, together
with knowledge of the measurement period.

[0044] The data log, that is the time varying record of
the two magnetic sensors measurements, may also be
used to infer other useful data concerning the patient
during the measurement period, in one embodiment. For
example, variations in measured field over time indicate
that the patient is awake, whereas a long period of non-
movement indicates sleep. Periods during which the eye-
glasses and sensors are being carried but not worn may
be discernable by deducing their orientation with respect
to the background magnetic field of the Earth. Knowing
when the patientis wearing a patch whilst sleeping (which
means the eyes are not being utilized) may be useful for
the practitioner to make a more accurate assessment of
the effective occlusion dosage.

[0045] At block 450, the data is communicated to a
base station. The Logging Device includes a connection
(105) which enables it to communicate with a Base Sta-
tion. This connection may be used in both directions: for
communication both to and from the Logging Device from
and to the Base Station. One purpose of the connection
is to download the Data Log stored in the Logging De-
vice’s memory to the Base Station. Another purpose of
the connection may be to transfer diagnostic or other
operating commands from the Base Station to the Log-
ging Device. The connection (105) may be a wired con-
nection such as USB/MicroUSB or wireless such as a
Personal Area Network, for example a Bluetooth or NFC
(Near-Field Communication) connection.

[0046] The Base Station (102) may be a personal com-
puter, tablet, smart-phone, or customized device. The
form of communication (105) between the Logging De-
vice (101) and Base Station (102) may have different
forms.

10

15

20

25

30

35

40

45

50

55

[0047] In addition, the Base Station has a connection
to a Data Processor (103). This connection may be via
the Internet (106, 107 & 108), a wired connection, an
internal bus if the Base Station (102) resides on the same
device as the Data Processor (103), or through an alter-
native mechanism.

[0048] In one embodiment, the Base Station (102) is
used to regularly download the Data Log from the Log-
ging Device (101). In one embodiment, the Base Station
(102) may be at the office of a specialist treating the user.
In another embodiment, the Base Station (102) may be
the user’s smart phone with an application enabling such
a download. In one embodiment, a software program
("Client Software") on the Base Station is part of the pre-
ferred embodiment. The Client Software stores the down-
loaded Data Log on the Base Station’s memory. In one
embodiment, the connection may also be used to com-
municate status information, or updates, to the Logging
Device.

[0049] At block 460, the data is provided to the Data
Processor.
[0050] At block 470, the analysis of the captured Data

is performed by the Data Processor (103). Analysis in
one embodiment, processes the data and determines
based on the data collected over a period of time, those
sub-periods during which eyeglasses and a modified
patch were worn together by the Patient. In one embod-
iment this analysis may be automated, in another it may
be performed by a trained operator. In one embodiment,
asecond outputofthe analysis is a determination ofthose
sub-periods during which the eyeglasses were worn but
without a patch. In one embodiment, these determina-
tions include a measure of confidence (a probable cor-
rectness of the determination.)

[0051] At block 480, the output of the analysis is pro-
vided to the Patient, his/her caregiver and to the physi-
cian. In one embodiment, the output may be provided via
the Data Processor, the Base Station, another linked
computer system or display system. In one embodiment,
the output may be provided via email, text, application,
or a website to authorized parties, including the patient.
In one embodiment, the output is a chart of the times
when the user was wearing the patch, and not wearing
the patch. In one embodiment, a trained professional can
then utilize this data to make recommendations, evaluate
compliance, and potentially alert the patient’s treatment
plan based on the results.

[0052] In one embodiment, the system may alert the
user, care-giver and/or physician’s office of non-compli-
ance. In one embodiment, an alert, may be sent. Some
exemplary alerts may include: "To Doctor’s office: Patient
X has diverged from compliance please take a look." Or
before that"To Caregiver: Patientis not patching the pre-
scribed amount of time. Do you need any help?" Or po-
tentially "To User: Please comply with the occlusion dos-
age prescribed."

[0053] The process then ends at block 490.

[0054] The magnetometer system may be used for oth-
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er applications apart from occlusion monitoring, but these
applications do not form part of the present invention.
Exemplary applications include any application in which
an object may include a magnet, and the object’s dispo-
sition (positions and/or orientation) is relevant. The po-
sitions and/or orientation may be monitored with respect
to rotational movements , translational movements, and
combinations of rotational and translational movements.
Examples of rotational movements include positions of a
gate, door, lid, or any hinged object, where the monitoring
may provide information about whether it is closed or ajar
and to what degree. Other examples include a control
dial or lever, actuator, spindle, wheel, faucet.

[0055] Examples of translational movements which
can be monitored are sliding controls, doors, windows,
drawers, lids & fluid levels. Furthermore, air movement
may be detected by way of a small magnet suspended
on a light fabric or vane. This method may determine
whether a HVAC unit or a ceiling fan is active, for exam-
ple. Alternatively it may be used to indicate the existence
and direction of drafts within a room.

[0056] Applications combining rotational and transla-
tional motion may include monitoring of flexing members,
eccentricity caused by bearing wear, weight scales, or a
situation in which a deviation from any expected relative
motion between objects occurs, such as an object which
should be securely fastened during transportation. For
example, flexure of a dog leash and therefore its use over
a period of time can be monitored by attachment of a
small magnet and the logging device to the leash.
[0057] Inthe foregoing specification, the invention has
been described with reference to specific exemplary em-
bodiments thereof. It will, however, be evident that vari-
ous modifications and changes may be made thereto
without departing from the scope of the appended claims.
The description and drawings are, accordingly, to be re-
garded in an illustrative rather than a restrictive sense.

Claims

1. A magnetometer-based monitoring system compris-
ing:
an eye patch (109) whose disposition is to be mon-
itored; eyeglasses (104) adapted to be worn by a
user; a processor (222) to determine the disposition
of the eye patch (109); characterised in that a mag-
net (100) is integrated with the eye patch (109); a
first magnetometer (202) and a second magnetom-
eter (203) are integrated with a logging device (101),
the logging device being attached to said eyeglasses
such that the the first magnetometer (202) is located
in proximity to the eye patch and the second mag-
netometer (203) is located at a fixed distance from
the first magnetometer in proximity to the eye patch;
with the processor receiving data from the first mag-
netometer and the second magnetometer, and cal-
culating a measurement vector to determine the dis-
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position of the eye patch (109).

2. The magnetometer-based monitoring system of
claim 1, wherein the eye patch comprises:

a covering portion to substantially cover one
eye; and

the magnet is positioned on a side of the eye
patch, such that the first magnetometer and the
second magnetometer detect a magnetic field
of the magnet, the presence of the magnet used
to determine the compliance with a medical pro-
tocol.

3. The magnetometer-based monitoring system of
claim 1, wherein the magnet is one of: built into the
eye patch, enclosed in a cover which is adhered to
the outside of the eye patch, stuck on the eye patch,
or inserted within the eye patch during manufacture.

4. The magnetometer-based monitoring system of
claim 1, wherein the logging device further compris-
es the processor, which is a microprocessor, and a
memory.

5. The magnetometer-based monitoring system of
claim 1, wherein the disposition of the object deter-
mines whether a user is wearing the eye patch in-
cluding the magnet, to monitor compliance with a
medical protocol.

6. The magnetometer-based monitoring system of
claim 5, wherein the protocol is treatment of ambly-
opia.

7. The magnetometer-based monitoring system of
claim 1, further comprising:

a memory to store data from the first magnetom-
eter and the second magnetometer; and

a communication link to communicate data from
the memory to the processor.

8. The magnetometer-based monitoring system of
claim 7, further comprising:
a microprocessor to obtain the data from the first
magnetometer and the second magnetometer, and
store the data in the memory.

9. The magnetometer-based monitoring system of
claims 1-8, wherein the first magnetometer and the
second magnetometers are arranged to be in close
proximity to the magnet in the eye patch, the mag-
netometers monitoring a magnetic field, generated
by the magnet, earth, and proximate magnetic de-
vices; and the magnetometer-based monitoring sys-
tem further comprising:
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a memory to store data from the magnetometer;
and

a communication link to obtain the data from the
memory, the data processed to show a pattern
of wearing and not-wearing the eye patch, to
monitor compliance with a medical prescription.

The magnetometer-based monitoring system of
claim 11, further comprising:

the processor comprising a microcontroller to control
a timing of measurements of the magnetic field, and
storing of the data.

The magnetometer-based monitoring system of
claim 11, further comprising:

a base station to receive data from the logging de-
vice, the base station comprising one of: a smart
phone, a computer application, and a special pur-
pose device.

The magnetometer-based monitoring system of
claim 11, wherein the processor is

adata processor to process the data from the logging
device, the data processor to determine the pattern
of wearing and not-wearing the eye patch, to monitor
compliance with a medical prescription.

The magnetometer-based monitoring system of
claim 12, further comprising:

a communication system to inform one or more of
the user, a medical professional, and a designated
party of the pattern.

Patentanspriiche

1.

Magnetometerbasiertes Uberwachungssystem,

umfassend:

eine Augenbinde (109), deren Anordnung zu
Uberwachen ist; Augenglaser (104), die ange-
passt sind, um von einem Nutzer getragen zu
werden; einen Prozessor (222) zum Bestimmen
der Anordnung der Augenbinde (109); dadurch
gekennzeichnet, dass ein Magnet (100) in die
Augenbinde (109) integriert ist;

ein erstes Magnetometer (202) und ein zweites
Magnetometer (203) in einer Aufzeichnungsvor-
richtung (101) integriert sind, wobei die Auf-
zeichnungsvorrichtung an die Augenglaser an-
gebrachtist, sodass sich das erste Magnetome-
ter (202) in der N@he zur Augenbinde befindet
und sich der zweite Magnetometer (203) in ei-
nem festen Abstand von dem ersten Magneto-
meter in der Nahe zur Augenbinde befindet; wo-
bei der Prozessor Daten vom ersten Magneto-
meter und vom zweiten Magnetometer emp-
fangt; und Berechnen eines Messvektors, um

10

15

20

25

30

35

40

45

50

55

die Anordnung der Augenbinde (109) zu bestim-
men.

Magnetometerbasiertes Uberwachungssystem
nach Anspruch 1, wobei die Augenbinde umfasst:

einen Abdeckungsabschnitt, um im Wesentli-
chen ein Auge abzudecken;

und wobei der Magnet an einer Seite der Au-
genbinde positioniert ist, sodass das erste Ma-
gnetometer und das zweite Magnetometer ein
Magnetfeld des Magneten detektieren, wobei
das Vorhandensein des Magneten verwendet
wird, um die Einhaltung eines medizinischen
Protokolls zu bestimmen.

Magnetometerbasiertes Uberwachungssystem
nach Anspruch 1, wobei der Magnet eines der fol-
genden ist: in die Augenbinde eingebaut, in einer
Abdeckung umschlossen, die an die AulRenseite der
Augenbinde geklebt ist, auf die Augenbinde gesteckt
oderwahrend der Herstellung in die Augenbinde ein-
gesetzt.

Magnetometerbasiertes Uberwachungssystem
nach Anspruch 1, wobei die Aufzeichnungsvorrich-
tung ferner einen Prozessor, bei dem es sich um
einen Mikroprozessor handelt, und einen Speicher
umfasst.

Magnetometerbasiertes Uberwachungssystem
nach Anspruch 1, wobei die Anordnung des Objekts
bestimmt, ob ein Nutzer die den Magneten enthal-
tende Augenbinde tragt, um die Einhaltung eines
medizinischen Protokolls zu Gberwachen.

Magnetometerbasiertes Uberwachungssystem
nach Anspruch 5, wobei das Protokoll eine Behand-
lung von Amblyopie ist.

Magnetometerbasiertes Uberwachungssystem
nach Anspruch 1, ferner umfassend:

einen Speicher zum Speichern von Daten vom
ersten Magnetometer und zweiten Magnetome-
ter;
und eine Kommunikationsstrecke, um Daten
vom Speicher zum Prozessor zu kommunizie-
ren.

Magnetometerbasiertes Uberwachungssystem
nach Anspruch 7, ferner umfassend:

einen Mikroprozessor, um die Daten vom ersten Ma-
gnetometer und vom zweiten Magnetometer zu er-
halten und die Daten im Speicher zu speichern.

Magnetometerbasiertes Uberwachungssystem
nach den Anspriichen 1 bis 8, wobei das erste Ma-
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gnetometer und das zweite Magnetometer angeord-
net sind, um sich in enger Ndhe zum Magneten in
der Augenbinde zu befinden, wobei die Magnetome-
ter ein Magnetfeld, das vom Magneten erzeugt wird,
Masse und nahegelegene Magnetvorrichtungen
Uberwachen und wobei das magnetometerbasierte
Uberwachungssystem ferner umfasst:

einen Speicher zum Speichern von Daten vom
Magnetometer;

und eine Kommunikationsstrecke, um die Daten
vom Speicher zu erhalten, wobei die Daten ver-
arbeitetwerden, um ein Muster des Tragens und
Nicht-Tragens der Augenbinde zu zeigen, um
die Einhaltung einer medizinischen Verordnung
zu Uberwachen.

Magnetometerbasiertes Uberwachungssystem
nach Anspruch 11, ferner umfassend:

den Prozessor, umfassend eine Mikrosteuerung, um
eine Zeitgebung von Messungen des Magnetfelds
zu steuern und die Daten zu speichern.

Magnetometerbasiertes Uberwachungssystem
nach Anspruch 11, ferner umfassend:

eine Basisstation zum Empfangen von Daten von
der Aufzeichnungseinheit, wobei die Basisstation ei-
nes der folgenden umfasst: ein Smartphone, eine
Computeranwendung und eine Spezialvorrichtung.

Magnetometerbasiertes Uberwachungssystem
nach Anspruch 11, wobei der Prozessor ein Daten-
prozessor zum Verarbeiten der Daten von der Auf-
zeichnungsvorrichtung ist, wobei der Datenprozes-
sor dazu vorgesehen ist, das Muster des Tragens
und Nicht-Tragens der Augenbinde zu bestimmen,
um die Einhaltung einer medizinischen Verordnung
zu Uberwachen.

Magnetometerbasiertes Uberwachungssystem
nach Anspruch 12, ferner umfassend:

ein Kommunikationssystem, um einen oder mehrere
des Nutzers, einer medizinischen Fachkraft und ei-
nerernannten Partei iiber das Muster zu informieren.

Revendications

1.

Systeme de surveillance basé surun magnétometre,
comprenant :

un cache-oeil (109) dont la disposition doit étre
surveillée ; des lunettes (104) adaptées pour
étre portées par un utilisateur ; un processeur
(222) pour déterminer la disposition du cache-
oeil (109) ; caractérisé en ce qu’un aimant
(100) est intégré dans le cache-oeil (109) ;

un premier magnétometre (202) et un deuxieme
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magnétometre (203) sontintégrés a un dispositif
de journalisation (101), le dispositif de journali-
sation étant attaché auxdites lunettes de manié-
re a ce que le premier magnétometre (202) soit
situé a proximité du cache-oeil et que le deuxié-
me magnétometre (203) soit situé a une distan-
ce fixe depuis le premier magnétometre a proxi-
mité du cache-oeil ; avec le processeurrecevant
des données depuis le premier magnétometre
et le deuxieme magnétometre, et calculant un
vecteur de mesure pour déterminer la disposi-
tion du cache-oeil (109).

2. Systeme de surveillance basé sur un magnétometre

selon la revendication 1, dans lequel le cache-oeil
comprend :

une partie de recouvrement destinée a sensi-
blement recouvrir un oeil ;

et 'aimant est positionné sur un c6té du cache-
oeil, de maniére a ce que le premier magnéto-
métre et le deuxiéeme magnétometre détectent
un champ magnétique de I'aimant, la présence
de I'aimant utilisée pour déterminer la conformi-
té a un protocole médical.

Systéme de surveillance basé sur un magnétometre
selon la revendication 1, dans lequel I'aimant est au
choix : intégré dans le cache-oeil, enfermé dans un
capot qui estadhéré a I'extérieur du cache-oeil, collé
sur le cache-oeil ou inséré a l'intérieur du cache-oeil
pendant la fabrication.

Systéme de surveillance basé sur un magnétometre
selon la revendication 1, dans lequel le dispositif de
journalisation comprend en outre un processeur, qui
est un microprocesseur, et une mémoire.

Systéme de surveillance basé sur un magnétometre
selon la revendication 1, dans lequel la disposition
de I'objet détermine si un utilisateur porte le cache-
oeil incluant I'aimant, pour surveiller la conformité a
un protocole médical.

Systéme de surveillance basé sur un magnétometre
selon la revendication 5, dans lequel le protocole est
un traitement de 'amblyopie.

Systéme de surveillance basé sur un magnétometre
selon la revendication 1, comprenant en outre :

une mémoire pour stocker des données en pro-
venance du premier magnétometre et du
deuxieme magnétometre ;

et une liaison de communication pour commu-
niquer des données en provenance de la mé-
moire au processeur.
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Systeme de surveillance basé sur un magnétomeétre
selon la revendication 7, comprenant en outre :

un microprocesseur pour obtenirles données en pro-
venance du premier magnétometre et du deuxieme
magnétometre, et stocker les données dans la mé-
moire.

Systeme de surveillance basé sur un magnétomeétre
selon les revendications 1 a 8, dans lequel le premier
magnétometre et le deuxiéeme magnétometre sont
agenceés pour étre en étroite proximité avec I'aimant
dans le cache-oeil, les magnétometres surveillant
un champ magnétique, généré par I'aimant, la terre
et des dispositifs magnétiques proches ; et le syste-
me de surveillance basé sur un magnétometre com-
prenant en outre :

une mémoire pour stocker des données en pro-
venance du magnétometre ;

et une liaison de communication pour obtenir
les données en provenance de la mémoire, les
données traitées pour montrer un schéma de
port et de non-port du cache-oeil, pour surveiller
la conformité a une prescription médicale.

Systeme de surveillance basé sur un magnétometre
selon la revendication 11, comprenant en outre :

le processeur comprenant un micro-contréleur pour
commander un minutage des mesures du champ
magnétique, et le stockage des données.

Systeme de surveillance basé sur un magnétomeétre
selon la revendication 11, comprenant en outre :
une station de base pour recevoir des données en
provenance du dispositif de journalisation, la station
de base comprenantl'un parmi : unsmartphone, une
application informatique et un dispositif spécialisé.

Systeme de surveillance basé sur un magnétomeétre
selon larevendication 11, dans lequel le processeur
est un processeur de données pour traiter les don-
nées en provenance du dispositif de journalisation,
le processeur de données pour déterminer le sché-
ma de port et non-port du cache-oeil, pour surveiller
la conformité a une prescription médicale.

Systeme de surveillance basé sur un magnétometre
selon la revendication 12, comprenant en outre :
un systeme de communication pour informer un ou
plusieurs parmi I'utilisateur, un professionnel médi-
cal et une partie désignée du schéma.
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