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Description

Technical Field

[0001] Various embodiments described herein relate to the field of medical monitoring devices. More particularly, but
not exclusively, various embodiments relate to methods of calibrating measurements made using a medical monitoring
device.

Background

[0002] Home based health monitoring devices are increasingly being used by the general public, both for monitoring
known health conditions and more generally for health and fitness monitoring. Such monitoring devices may incorporate
vital sign monitoring such as blood pressure (BP) monitoring and/or have the capability to track the progression of
diseases. Portable ECG devices, for example, can be used to monitor heart disease. Some home based monitors are
used for fitness regimes (for example, fitness bands/bracelets) and non-medical use cases like games consoles that
are primarily used for gaming but incorporate vital sign monitors.
[0003] Although such devices help people to monitor their general health and changes in their health, the readings
are not usually accurate enough to be directly used by clinicians to make clinical diagnoses or decisions. Clinicians are
unable to use the outputs of such devices because the way the home based devices record patient parameters is different
to the way that the same parameter is recorded in a clinical environment using a benchmark device. For example, home
based BP monitors use automatic methods of detecting the systolic and diastolic beats that involve, for example, the
detection of vibrations in the artery walls, whereas in a clinical setting the caregiver uses a stethoscope to listen for the
systolic and diastolic beats. These different ways of measuring blood pressure can result in systematic differences
between home based and clinical devices, and hence values from home based devices may not be suitable for clinical
decision making.
[0004] US20150257689A1 discloses a calibration system for calibrating a first physiological monitoring device using
a second physiological monitoring device. The first physiological monitor measures a first indication of a physiological
parameter. The second physiological monitor measures a second indication of the physiological parameter. The first
and second indications are used to calibrate the first physiological monitoring device.
[0005] US20140051940A1 discloses an apparatus and method for obtaining one or more physiological measurements
associated with a user using ear-located sensors is disclosed herein. One or more of different types of sensors are
configured to engage a user’s ear. In some cases, the sensors will be included in one or both of a pair of earphones to
capture physiological parameters. A portable device is configured to be in communication with the earphones to receive
physiological parameters from the sensor(s) therein, and potentially to provide control signals to the sensors or other
components in the earphones. The portable device determines physiological measurements corresponding to the re-
ceived physiological parameters. The portable device is also configured to provide a user interface to interact with the
user regarding the physiological measurements.

Summary

[0006] As noted above, the measurements from home based medical monitoring devices may be systematically offset
to more traditional, clinically approved devices. In order to overcome these problems, it would be valuable to have an
improved method and apparatus for calibrating a medical monitoring device.
[0007] Therefore, according to various embodiments, there is provided a method of calibrating measurements made
using a medical monitoring device, the method including obtaining a first conversion factor including a first cross correlation
that describes the correlation between measurements made using a first medical monitoring device and measurements
made using a second medical monitoring device, and using the first conversion factor to convert measurements from
the first medical monitoring device onto the same scale as measurements from the second medical monitoring device.
[0008] The step of obtaining includes receiving a first set of measurements from the first medical monitoring device,
receiving a second set of measurements from the second medical monitoring device, and computing the first cross
correlation as the cross correlation between the first set of measurements and the second set of measurements;
[0009] The step of obtaining further includes generating the first conversion factor from the first cross correlation by
at least one of i) adding an offset to; and ii) scaling the first cross correlation using a scaling factor, wherein the offset
and the scaling factor include one or more parameters relating to at least one of the first medical monitoring device and
the second medical monitoring device.
[0010] In some embodiments, the one or more parameters relate to the degradation in performance over time of at
least one of the first and the second medical monitoring device.
[0011] In some embodiments, the degradation in performance is described by an exponential term and the step of
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generating a first conversion factor includes adding the exponential term to the first cross correlation.
[0012] In some embodiments, the first conversion factor, C, is given by: 

wherein Pxy = ∑xy - nx y represents the correlation between the measurements, x, from the first medical monitoring

device and the measurements, y, from the second medical monitoring device; Pxx = ∑(xi - x)2 represents the auto-

correlation of the measurements of the first medical monitoring device; Pyy = ∑(yi - y)2 represents the auto-correlation
between the measurements from the second medical monitoring device; and e-ωt represents the device performance
degradation of the first medical monitoring device.
[0013] In some embodiments, the method further includes receiving a third set of measurements from the first medical
monitoring device, receiving a fourth set of measurements from the second medical monitoring device, and updating
the first conversion factor using the received third and fourth sets of measurements.
[0014] In some embodiments, the method further includes receiving a fifth set of measurements from the first medical
monitoring device, receiving a sixth set of measurements from a third device, computing a second cross correlation
between the fifth set of measurements and the sixth set of measurements, and generating a second conversion factor
using the first and second cross correlations to convert measurements from the third device onto the same scale as
measurements from the second medical monitoring device.
[0015] In some embodiments, the step of generating a second conversion factor includes calculating an intermediate
conversion factor using the second cross correlation to convert measurements from the third device onto the same scale
as the first medical monitoring device, and multiplying the intermediate conversion factor by the first conversion factor
to obtain the second conversion factor.
[0016] In some embodiments, the step of using the first conversion factor includes: obtaining a calibration factor for
the user, wherein the calibration factor indicates whether the physiological measurement should be divided or multiplied
by the conversion factor; and dividing the physiological measurement by the conversion factor if the calibration factor
indicates that the physiological measurement should be divided by the conversion factor, and multiplying the physiological
measurement by the conversion factor if the calibration factor indicates that the physiological measurement should be
multiplied by the conversion factor.
[0017] In some embodiments, the calibration factor is given by: 

where x and y are pairs of contemporaneous measurements of the first and second devices respectively.
[0018] In some embodiments the first and second sets of measurements are taken contemporaneously.
[0019] In some embodiments the first medical monitoring device is a home-based medical monitoring device and the
second medical monitoring device is a clinical device.
[0020] According to some embodiments, there is a medical monitoring device comprising a computer processor con-
figured to execute a method according to any of the methods above.
[0021] According to a some embodiments, there is a method of calibrating a physiological measurement of a user
taken using a medical monitoring device, the method including: obtaining one or more characteristics relating to at least
one of the device and the user; identifying the user from a plurality of users of the device using the one or more
characteristics and a pattern based model; obtaining a conversion factor for the identified user using the device, to
calibrate the physiological measurement; and calibrating the physiological measurement, using the conversion factor.
[0022] In some embodiments, the method further includes: obtaining a calibration factor for the user wherein the
calibration factor indicates whether the physiological measurement should be divided or multiplied by the conversion
factor; wherein the step of calibrating includes: dividing the physiological measurement by the conversion factor if the
calibration factor indicates that the physiological measurement should be divided by the conversion factor; and multiplying
the physiological measurement by the conversion factor if the calibration factor indicates that the physiological meas-
urement should be multiplied by the conversion factor.
[0023] According to some embodiments, there is a method of associating a physiological measurement made on a
medical monitoring device to a particular one of a plurality of users of the device, the method including: receiving training
data including a set of measurements made using the device, wherein the training data further includes one or more
parameters associating each measurement in the set of measurements with a user of the device; generating a model
using the training data, wherein the model can be used to identify a user from a measurement made on the device; and
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associating a new measurement made on the device to a particular user of the device, using the model.
[0024] In some embodiments the model is a pattern based model or a linear predictor model.
[0025] In some embodiments the one or more parameters relate to one or more properties of the device or one or
more user characteristics.
[0026] In some embodiments the one or more parameters includes at least one of an identification number, a device
model, a tolerance limit, an accuracy, a performance, a performance degradation of the device, a time taken by the user
to generate a measurement, the power needed to generate the measurement and the number of trials in the training
data set.
[0027] In some embodiments the physiological measurement is a blood pressure measurement, the medical monitoring
device is a blood pressure monitor and the linear predictor model is given by: 

[0028] wherein Pk is a patient identification number for the kth patient, β0,k is a constant coefficient, β1,k to β6,k are
constant coefficients associated with corresponding parameters, Di,d is the device identification number, Rt is the overall
time taken by the patient to measure the blood pressure, P is the power needed to generate the pressure to take the
measurement, It is the time taken to inflate the calf wrapper, Dt is the time taken to deflate the calf wrapper and N is the
number of repeat trials.
[0029] According to some embodiments, there is provided a computer program product including a computer readable
medium, the computer readable medium having computer readable code embodied therein, the computer readable code
being configured such that, on execution by a suitable computer or processor, the computer or processor is caused to
perform any one of the methods described above.
[0030] The invention is defined by appended claims 1-14.

Brief Description of the Drawings

[0031] For a better understanding, 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 illustrating an example of a method of calibrating measurements made using a medical
monitoring device according to an embodiment;

Figure 2 is a schematic of an example of a method of calibrating a medical monitoring device according to another
embodiment;

Figure 3 is a block diagram showing an example of a method of associating a physiological measurement made on
a medical monitoring device to a particular one of a plurality of users of the device;

Figure 4 is a schematic of an example of a method of calibrating a medical monitoring device according to an
embodiment;

Figure 5 is a block diagram of an example of a method of calibrating a medical monitoring device according to an
embodiment;

Figure 6 is a schematic of an example apparatus for calibrating a medical monitoring device; and

Figure 7 is a block diagram illustrating a further example of a method of calibrating a medical monitoring device
according to a further embodiment.

Detailed Description

[0032] The description and drawings presented herein illustrate various principles. It will be appreciated that those
skilled in the art will be able to devise various arrangements that, although not explicitly described or shown herein,
embody these principles and are included within the scope of this disclosure. As used herein, the term, "or," as used
herein, refers to a non-exclusive or (i.e., and/or), unless otherwise indicated (e.g., "or else" or "or in the alternative").
Additionally, the various embodiments described herein are not necessarily mutually exclusive and may be combined
to produce additional embodiments that incorporate the principles described herein.
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[0033] The invention is defined by appended claims 1-14.
[0034] To address the differences between home and clinical devices, patients may add or subtract certain values
from the readings of the home based devices. However this method of calibration on its own may not be reliable enough
for every patient and every device. Furthermore, this conversion is cumbersome for the patient, particularly if the patient
data is provided in a stream of data, rather than discrete values. The accuracy of the home based device may also
change (e.g. deteriorate) over time or if the patient changes their home-based device without reporting the change to
their clinician, as the old offset value may not apply to the new device.
[0035] According to the foregoing, it would be desirable to provide an improved calibration method with increased
reliability. It would also be desirable to provide such a calibration method that adapted to changing device conditions
such as deterioration of the accuracy of the device or device swapping.
[0036] As noted above, various embodiments provide an improved method for calibrating a medical monitoring device.
[0037] Figure 1 illustrates a method 100 of calibrating measurements made using a medical monitoring device. At
block 102 the method includes obtaining a first conversion factor including a first cross correlation that describes the
correlation between measurements made using a first medical monitoring device and measurements made using a
second medical monitoring device. At block 104, the method then includes using the first conversion factor to convert
measurements from the first medical monitoring device onto the same scale as measurements from the second medical
monitoring device.
[0038] The use of a conversion factor including a cross correlation between measurements made using the device to
be calibrated and a second medical monitoring device is an efficient and reliable way to produce a customised calibration
for a medical monitoring device such as a home-based medical monitoring device. In particular, the cross correlation
provides a statistical measure of how measurements of the first and second devices are related to one another. Using
a data-driven approach in this way improves the accuracy of the calibration.
[0039] In some embodiments, the first medical monitoring device is a home based medical monitoring device, for
example, a blood pressure monitor or portable ECG device. The first medical monitoring device may also be a home
based device with sensors suitable for monitoring physiological characteristics of a user or patient, for example a fitness
band, fitness bracelet or a games console that gathers physiological data that may otherwise be used, for example, in
gaming. The first device may be capable of continuously monitoring one or more physiological characteristics of the
user and producing a continuous stream of data values. The readings from the first medical monitoring device may
generally need to be calibrated before they can be used by a clinician to make clinical diagnoses and decisions.
[0040] The first medical monitoring device can be used to monitor any physiological characteristic of the user, such
as the blood pressure, muscle electrical activity (EMG), brain activity (EEG), heart rate or blood glucose levels of the user.
[0041] In some embodiments, the second device is a clinical device or ’bench mark’ device, for example, a blood
pressure monitor or ECG device found in a hospital. Measurements made using the second medical monitoring device
may be used by a clinician to make clinical diagnoses or clinical decisions. It would thus be beneficial to calibrate the
first medical monitoring device onto the same scale as the second medical monitoring device.
[0042] As described above, the conversion factor may include a first cross correlation that describes the cross corre-
lation between measurements made using the first medical monitoring device and measurements made using the second
medical monitoring device. The step of obtaining 102 may therefore include calculating the cross correlation by receiving
a first set of measurements from the first medical monitoring device, receiving a second set of measurements from the
second medical monitoring device and computing the first cross correlation as the cross correlation between the first
set of measurements and the second set of measurements
[0043] The first set of measurements and the second set of measurements may have been taken contemporaneously,
e.g. at approximately the same time. In this context, contemporaneously can mean that the first and second sets of
measurements are taken within a time interval over which the physiological characteristic measured by the first medical
monitoring device is approximately constant (or does not significantly change between measurements). For example,
a clinician may make one or more measurements of a user’s blood pressure on a clinical device at the same time as a
wrist worn home based device takes measurements of the user’s blood pressure. This has the advantage of taking care
of temporal variation in the parameter to ensure that the first set of measurements and the second set of measurements
are comparable and can be reliably used to calibrate the first medical monitoring device without having to take account
of changes in the value of the physiological parameter between when the first set of measurements were taken and the
second set of measurements were taken.
[0044] In some embodiments, the first cross correlation, r, may be calculated from the first set of measurements and
the second set of measurements according to the following equation: 
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[0045] Where x represents measurements from the first medical monitoring device, y represents measurements from
the second medical monitoring device, Pxy = ∑xy - nx y represents the correlation between the measurements, x and
y; Pxx = ∑(xi - x)2 represents the auto-correlation of the measurements of the first medical monitoring device; and Pyy =

∑(yi - y)2 represents the auto-correlation between the measurements from the second medical monitoring device.
[0046] In some embodiments, the first conversion factor is equal to the first cross correlation, r. In other embodiments,
the first conversion factor is generated from the first cross correlation by at least one of adding an offset to the cross
correlation and scaling the first cross correlation using a scaling factor. The offset or scaling factor may relate to a
characteristic of at least one of the first medical monitoring device and the second medical monitoring device, such as
the degradation in performance over time of the first medical monitoring device or the second medical monitoring device.
[0047] For example, if it is known that the first medical monitoring device systematically underestimates the measured
physiological parameter and that this underestimation becomes more pronounced by a factor of d, every month, then
the first conversion factor, C, may be generated from the first cross correlation according to C=r/dm where m is the
number of months since the first set of measurements and the second set of measurements were made.
[0048] In another example, the degradation in performance may be described by an exponential term and the step of
generating a first conversion factor may include adding the exponential term to the first cross correlation. The first
conversion factor, C, may therefore be given by:

where Pxy = ∑xy - nx y represents the correlation between the measurements, x, from the first medical monitoring device

and the measurements, y, from the second medical monitoring device; Pxx = ∑(xi - x)2 represents the auto-correlation

of the measurements of the first medical monitoring device; Pyy = ∑(yi - y)2 represents the auto-correlation between the
measurements from the second medical monitoring device; and e-ωt represents the device performance degradation of
the first medical monitoring device. In this way, the first device can be reliably calibrated over its lifetime, even if it
degrades in performance.
[0049] In some embodiments, in block 102, obtaining a first conversion factor includes obtaining the first conversion
factor from computer storage, for example from a memory module, a network location or a database.
[0050] In other embodiments, block 102 includes generating the first conversion factor, for example, calculating the
cross correlation as described above, calculating the cross correlation and then scaling and/or adding an offset to the
cross correlation, or generating the first conversion factor from a pre-computed cross-correlation and scaling and/or
adding an offset to the precomputed cross correlation. The first conversion factor can therefore be stored as a single
value for use in calibration, or alternatively, the first cross correlation can be stored separately from the offset and/or
scaling factor and combined to form the first conversion factor at run-time. Alternatively still, one or both of the first
conversion factor and the offset and or scaling factor can be calculated or updated at run time. This is particularly relevant
if the offset or scaling factor relate to one or more parameters that are received from the first or second medical monitoring
devices in real time.
[0051] Generation of the first conversion factor may also occur when the user first starts to use the first medical
monitoring device, when the user initiates a calibration routine on the first medical monitoring device, at regular intervals
(for example, the conversion factor may be periodically updated) or the first conversion factor may be generated in real
time and recomputed every time that a measurement made using the first medical monitoring device needs to be
calibrated.
[0052] The conversion factor may be updated using additional measurements from the first and second medical
monitoring devices. For example, in some embodiments, the method may include receiving a third set of measurements
from the first medical monitoring device, receiving a fourth set of measurements from the second medical monitoring
device and updating the first conversion factor using the received third and fourth sets of measurements.
[0053] The third and fourth sets of measurements (or any subsequent sets of measurements) may be taken when the
user is in a clinical setting, for example when the user visits the doctor’s surgery or hospital. In this way, the third and
fourth sets of measurements can be taken contemporaneously (e.g. at approximately the same time, or over a time
scale over which the physiological parameter being measured does not significantly change) so that the measurements
can be used for calibration without having to take account of any change of the physiological parameter between the
third and fourth sets of measurements. The first conversion factor can thus be periodically updated when the user visits
a clinical setting.
[0054] The step of using the first conversion factor 104 may include multiplying or dividing measurements made using
the first medical monitoring device by the first conversion factor. In some embodiments, using the first conversion factor
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may include receiving a calibration factor that indicates whether the measurements made using the first medical moni-
toring device should be multiplied or divided by the first conversion factor in order to be calibrated onto the same scale
as measurements made using the second device. The calibration factor can be an integer, for example, the calibration
factor may be denoted by either +1 or -1, where +1 indicates that the measurements should be multiplied by the first
conversion factor and -1 indicates that the measurements should be divided by the first conversion factor.
[0055] In some embodiments, the calibration factor is given by: 

where x and y are pairs of contemporaneous measurements of the first and second devices respectively and sign
represents the sign or signum function that extracts the sign (e.g. + or - ) of its operand.
[0056] These calculations are illustrated in the following example, where Table 1 shows a list of blood pressure
measurements made using clinical and home-based blood pressure monitoring devices. Each row of measurements in
Table 1 were made contemporaneously, e.g. approximately the same time, such that the underlying blood pressure
does not significantly change between readings. Differences between the clinical and home based readings therefore
reflect an offset between the devices rather than differences in the underlying blood pressure being measured.

[0057] Using the equations given above, the cross correlation, r, is equal to 0.9889 and 0.9784 for the systolic and
diastolic blood pressure measurements respectively and the calibration factors are 1 and -1 respectively. Considering
an example where the conversion factors are equal to the cross correlation values, the conversion factors to convert
the systolic and diastolic measurements made using the home based device onto the same scale as the clinical device
are also 0.9889 and 0.9784 respectively.
[0058] The calibration factors indicate that in this case, the systolic blood pressure measurements made using the
home based device need to be multiplied by the systolic conversion factor (0.9889) in order to convert them onto the
same scale as the clinical device. Conversely, the diastolic measurements from the home based device need to be
divided by the conversion factor for diastolic measurements (0.9784) in order to convert them onto the same scale as
the diastolic clinical measurements.
[0059] In this example, if the home based monitoring device were to make a blood pressure measurement of 115/75,
then using the conversion factors and calibration factors given above, this would be equal to 114/77 when scaled onto
the same scale as the clinical device.

Table 1

Clinical Device Readings Home Device Readings

Systolic Diastolic Systolic Diastolic

102 65 106 60

100 61 102 54

120 83 121 79

122 83 125 79

124 85 127 79

113 78 114 76

116 79 119 75

114 79 116 72

115 79 117 74

124 87 127 81

122 87 124 81

121 86 123 81

124 89 128 87

120 81 122 76

116 81 121 80
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[0060] In a second example, if the home based device is known to degrade according to the data in Table 2 below,

then after 6 months, the Conversion Factor can be calculated according to    as described

above, where    is the cross correlation between the home based medical monitoring device and the clinical
medical monitoring device as calculated in example 1 above and e-ωt represents the device performance degradation
of the home based medical monitoring device.

[0061] In this case, after 6 months, the conversion factors for the systolic and diastolic measurements are now 0.9891
and 0.9782 respectively. The calibration factors are still 1 and -1 respectively. If after 6 months, the home device were
to make a blood pressure measurement of 116/76, then using the conversion factors and calibration factors above, this
would then be converted to 114/77 on the scale of the clinical medical monitoring device.
[0062] Figure 2 illustrates an embodiment of the method of calibrating a device as described above. In box 202, the
user visits a clinical setting where a clinician such as a doctor or nurse takes a set of clinical measurements 204 of a
physiological parameter using a clinical device 206. The set of clinical measurements are suitable to be used to make
clinical decisions or diagnoses. In the context of the description above, the clinical device is the second medical monitoring
device and the set of clinical measurements is the second set of measurements.
[0063] Whilst the set of clinical measurements are being made, a set of home-based measurements 208 of the same
parameter are also made using a home based device 210, such as a home based blood pressure monitor, ECG, fitness
bracelet or games console. In the context of the discussion above, this set of measurements is the first set of measure-
ments and the home-based device 210 is the first medical monitoring device. The set of measurements made by the
home based device are referred to as the set of home based measurements in this example. The set of home based
measurements are made contemporaneously e.g. substantially at the same time as the set of clinical measurements,
as described in detail above.
[0064] A first cross correlation and first conversion factor are then calculated from the set of clinical measurements
204 and the set of home based measurements 208. In boxes 212 and 214, measurements 216, 218 made on the home
based device 210 at a later time (for example a time when the user is at home or not in a clinical setting) can then be
calibrated onto the same scale as measurements from the clinical device 206, using the first conversion factor.
[0065] If at some later date in box 220, the user returns to the clinical setting, a fourth set of measurements 222 of the
same physiological parameter can be made using the clinical device, contemporaneously, or substantially at the same
time as a third set of measurements 224 are made using the home based device 210. The third and fourth sets of
measurements 222, 224 can then be used to update the first cross correlation and the first conversion factor. Subsequent
measurements 226 made using the home based device 210 at a later time 228 can then be calibrated using the updated
cross correlation and updated first conversion factor.
[0066] If, after some time, the user decides to buy a new home based device 230, to replace the original home based
device 210, the new home based device 230 can be calibrated (box 232) onto the clinical device by first calibrating the
new home based device 230 onto same scale as the original home based device 210 and then using the known first
conversion factor to calibrate the measurements from the scale of the original home based device to the scale of the
clinical device. In this way the new home based device 230 can be calibrated onto the clinical device 206 via the old
home based device 210, without the need for the user to revisit the clinical setting.
[0067] This can be achieved by taking a fifth set of measurements 234 using the original home based device 210 and
a sixth set of measurements 236 from the new home based device 230 and computing a second cross correlation
between the fifth set of measurements 234 and the sixth set of measurements 236. A second conversion factor can then

Table 2

Age of device (months) Performance degradation (%)

1 0

2 0.5

3 0.6

4 1.0

5 2.0

6 2.5
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be generated using the first and second cross correlations to convert measurements from the new home based device
230 onto the same scale as measurements from the clinical device 206.
[0068] The second conversion factor can be generated by calculating an intermediate conversion factor using the
second cross correlation that converts measurements from the third device onto the same scale as the first medical
monitoring device, and then multiplying the intermediate conversion factor by the first conversion factor to obtain the
second conversion factor.
[0069] At later times 238, 240, measurements 242, 244 made using the new home based device 230 can be calibrated
onto the same scale as the clinical device 206, using the second conversion factor. Calibrating a new home based device
onto a clinical device via an old home based device in this way has the advantage of enabling the user to calibrate the
new home based device to clinical standards without the user having to visit a clinician to obtain new clinical measure-
ments.
[0070] Calibrating home based devices using the methods provided above provides opportunities for continuous
clinical monitoring of patients using measurements from both traditional home-based medical monitoring devices such
as blood pressure monitors and ECG monitors, but also from other devices such as fitness monitors and games consoles.
Such measurements may be sent to a clinician for monitoring of an individual, or for statistical purposes, such as in
population health studies where the health outcomes of groups of individuals are analysed.
[0071] In this context, it is important to be able to match otherwise anonymous health data and physiological meas-
urements to an individual. It is also important to be able to match physiological measurements to a particular user in
cases where more than one user uses a device.
[0072] To this end, Figure 3 shows a method 300 of associating a physiological measurement made on a medical
monitoring device to a particular one of a plurality of users of the device. In block 302, the method includes receiving
training data including a set of measurements made using the device, wherein the training data further includes one or
more parameters associating each measurement in the set of measurements with a user of the device. In block 304 the
model then includes generating a model using the training data, wherein the model can be used to identify a user from
a measurement made on the device. In block 306 a new measurement made on the device is associated with a particular
user of the device, using the model.
[0073] In some embodiments, the one or more parameters relate to one or more properties of the device, such as an
identification number, a device model, a tolerance limit, an operating environment, an accuracy, a performance or a
performance degradation of the device. The one or more parameters can also relate to one or more user characteristics
such as a time taken by the user to generate a measurement, the power needed to generate the measurement, the
number of trials in the training data set, the time of the day of recording a measurement, the number of recordings in a
24 hour period, or the actual values measured. In general, any parameter can be used, so long as it is able to distinguish
between one or more user and device combinations.
[0074] In some embodiments, the model is a pattern based model or a linear predictor model. This may be represented
by an equation such as: 

where Pk is a unique patient identification number for the kth patient using a particular device, β0,k is a constant coefficient
and β1,k to βN,k are constant coefficients associated with the corresponding parameters p1 to pn. A patient may have
more than one unique patient identification number if they use more than one device. Each patient identification number
therefore identifies a user case of a particular user using a particular device.
[0075] The constant coefficients of the pattern based model can be generated using a machine learning algorithm.
Examples of suitable machine learning algorithms include Support Vector Regression, Linear Regression and Radial
Basis Function Regression. The number of parameters and the particular combination of parameters chosen for use in
the model depends on the users and the particular devices in the training data set. In general, any number of parameters
and any combination of parameters can be used so long as a weighted combination of the chosen parameters can be
found that produces a unique value for each user. In this way, a patient can be identified using a weighted combination
of parameter values associated with a physiological measurement.
[0076] This method is illustrated further in Figure 4 which shows a plurality of medical monitoring devices 402 and a
database 404. The database 404 contains parameter values relating to the plurality of medical monitoring devices 402.
The parameter values may be public information, such as device specification information, tolerance limits, operating
environment information and device performance over time, or values previously received from the device. Measurements
from the devices and parameter values 406 for each device are fed into an artificial intelligence (AI) engine 408. Artificial
intelligence engine 408 generates a model 410 from the inputted data using a machine learning algorithm. As described
above, the model may be a pattern based model or a linear predictor model that links certain parameters relating to the
user, the measurement and/or a device to a specific user using a specific device.
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[0077] The model 410 may be stored in the cloud, on a centralised server or on the devices themselves. Storing the
model directly on the devices may be particularly relevant when trying to distinguish between different users of a device.
[0078] For each medical monitoring device of the plurality of medical monitoring devices, a conversion factor is obtained,
using one of the methods described above, that can be used to convert measurements from said monitoring device onto
the same scale as measurements from a clinical monitoring device. The conversion factor includes a cross correlation
that describes the correlation between measurements made using said medical monitoring device and a clinical device.
The conversion factor and cross correlation is obtained using any of the methods described above.
[0079] When a new measurement 410 is made using a device 412 which is one of the plurality of medical monitoring
devices 402, the measurement and one or more parameters are then used to identify the associated user, using the
one or more parameters and the model 410. Once the user is identified, a conversion factor can be retrieved for the
identified user and device and the physiological measurement can be calibrated using the conversion factor. The user
identity and the calibrated measurement 412 can then be sent to a clinic 414 for use by a clinician 416.
[0080] The method above can also be applied to anonymous data, in the sense that the patient ID does not have to
be stored with or in any way associated with details that identify the associated individual (e.g. the individual’s name or
address). Individuals can thus be anonymously tracked over time just using a patient ID, the data for use, for example,
in studies of population health.
[0081] A more general illustration of this method is shown in Figure 5. In a first step 502, the method includes obtaining
one or more characteristics relating to at least one of the device and the user. At 504 the method includes identifying
the user from a plurality of users of the device using the one or more characteristics and a pattern based model. At 506,
the method includes obtaining a conversion factor for the identified user using the device, to calibrate the physiological
measurement, and at 508, the method includes calibrating the physiological measurement using the conversion factor.
[0082] As described above, the one or more characteristics can relate to one or more properties of the device, such
as an identification number, a device model, a tolerance limit, an accuracy, a performance or a performance degradation
of the device. The one or more parameters can also relate to one or more user characteristics such as a time taken by
the user to generate a measurement, the power needed to generate the measurement, the number of trials in the training
data set, the time of the day of recording a measurement, the number of recordings in a 24 hour period, or the actual
values measured.
[0083] The precise number and combination of parameters used may vary and in general, any number and combination
of parameters can be used so long as they can be combined in the pattern based model in such a way as to result in a
unique value for each
[0084] A further example of the preceding methods will now be given, where the first medical monitoring device is a
home based blood pressure monitor and the second medical monitoring device is a clinical blood pressure monitor.
[0085] In this example, the first step is to collect patient blood pressure readings from both the clinical device (e.g. the
second medical monitoring device) and home-based device (e.g. the first medical monitoring device) at time T1. In step
2, an association is created between the time the measurements are taken and the systolic and diastolic home-based
blood pressure device readings (HSBP ∗ α T1, HDySBP ∗ β T1) to generate time independent values, α and β are scaling
parameters in these equations.
In step 3, the following relationships between the clinical measurements and the home device measurements are then
made: 

where CSBP and CDySBP are the systolic and diastolic BP readings made using the clinical device made at T1, and HSBP
and HDySBP are the systolic and diastolic BP readings using the home-based device at T1.
In step 4, the time is delayed by a time interval Tx
In step 5, the following additional parameters are also recorded: Device ID (DID), Time taken to measure BP by patient
(RTime), Power needed to generate calf pressure (Pneed), Time taken to inflate calf wrapper (InfTime), Time taken to
deflate calf wrapper (DefTime) and the Number of repeat trials (NTrial).
In step 6, the stages 1 to 4 are repeated until n samples are collected.
In step 7, home based device specification details are obtained, for example the device decalibration rate.
In step 8: A conversion factor for systolic BP is calculated using the equation: 
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where SBPxy = ∑xy - nxy represents the correlation between the clinical (x = CSBP) and home-based time-independent

(y = HSBP ∗ α T) systolic BP readings; SBPxx = ∑(xi - x)2 represents auto-correction of clinical device systolic BP readings;
SBPxx = ∑(xi - x)2 represents the auto-correction of time-independent home-based device systolic BP readings and e-ωt

represents the device de-calibration rate (device performance degradation rate). It is noted that the conversion factor

for systolic blood pressure includes the cross correlation term  
[0086] In step 9: A conversion factor for diastolic BP is calculated according to: 

[0087] Where DySBPxy = ∑xy - nxy represents the correlation between the clinical (x = CDySBp) and Home-based

time-independent (y = HDySBP ∗ β T) diastolic BP readings, DySBPxx = ∑(xi - x)2 represents the auto-correction of clinical
device diastolic BP readings, SBPxx = ∑(xi - x)2 represents auto-correction of time-independent home-based device

diastolic BP readings and e-ωt Represents device de-calibration rate (device performance degradation rate). It is noted

that the conversion factor for the diastolic blood pressure includes the cross correlation term  
[0088] In step 10: both the systolic and diastolic conversion factors are stored on a server or in the cloud where they
are associated with a unique patient ID and device ID.
[0089] In step 11: Steps 1-10 can be repeated, with additional data each time the user records additional measurements
when the home-based and clinical device are together (e.g. when measurements can be made over a time period over
which the physiological parameter does not significantly change) such as when the user visits their clinician or doctor.
[0090] In practice, the systolic and diastolic conversion factors can be used in conjunction with a patient identification
module (in the case of connected Home device):
The patient identification module will be part of the complex logic that is responsible for matching the correct model with
correct device and patient ID. This module will be needed in cases where device is directly connected to internet and
data is pushed by device without patient identification information (as which patient has used the device) and/or when
the device is shared by multiple users. The patient identification module is built using pattern recognition techniques as
described below.
[0091] In Stage 1: The parameters recorded during training phase are associated with a patient ID. Example parameters
are the Device ID (DID), Time taken to measure BP by patient (RTime), Power needed to generate calf pressure (Pneed),
Time taken to inflate calf wrapper (InfTime), Time taken to deflate calf wrapper (DefTime) and the Number of repeat trials
(NTrial).
In stage 2: A pattern-based AI model (e.g. a Linear Predictor model) is built that associates the patient ID with the
parameters recorded during the training phase. The pattern based model is given by: 

where:

Pk is the patient ID for the kth patient
β0,k Constant Coefficient. β1,k to β6,k are coefficients associated with the corresponding parameters
Did Device ID
Rt Over all time taken by patient to measure BP
P Power needed to generate calf pressure
It Time taken to inflate calf wrapper
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Dt Time taken to deflate calf wrapper
N Number of repeat trials

[0092] In stage 3: The model is then stored and can be used as part of the complex logic to match unknown patient
data to a particular patient and device.
[0093] Generally, the model can be enhanced by increasing the number of parameters, for example, the time of the
day of recording measurements, the number of recordings in 24 hr and/or the actual values of the measurements can
all be used in the model to discriminate between different patients.
[0094] Figure 6 illustrates an exemplary hardware diagram 600 of a device suitable for calibrating measurements
made using a medical monitoring device. As shown, the device 600 includes a processor 620, memory 630, user interface
640, network interface 650, and storage 660 interconnected via one or more system buses 610. It will be understood
that Figure 6 constitutes, in some respects, an abstraction and that the actual organization of the components of the
device 600 may be more complex than illustrated.
[0095] The processor 620 may be any hardware device capable of executing instructions stored in memory 630 or
storage 660 or otherwise processing data. As such, the processor may include a microprocessor, field programmable
gate array (FPGA), application-specific integrated circuit (ASIC), or other similar devices.
[0096] The memory 630 may include various memories such as, for example L1, L2, or L3 cache or system memory.
As such, the memory 630 may include static random access memory (SRAM), dynamic RAM (DRAM), flash memory,
read only memory (ROM), or other similar memory devices.
[0097] The user interface 640 may include one or more devices for enabling communication with a user such as an
administrator. For example, the user interface 640 may include a display, a mouse, and a keyboard for receiving user
commands. In some embodiments, the user interface 640 may include a command line interface or graphical user
interface that may be presented to a remote terminal via the network interface 650.
[0098] The network interface 650 may include one or more devices for enabling communication with other hardware
devices such as one or more medical monitoring devices. For example, the network interface 650 may include a network
interface card (NIC) configured to communicate according to the Ethernet protocol. Additionally, the network interface
650 may implement a TCP/IP stack for communication according to the TCP/IP protocols. Various alternative or additional
hardware or configurations for the network interface 650 will be apparent.
[0099] The storage 660 may include one or more machine-readable storage media such as read-only memory (ROM),
random-access memory (RAM), magnetic disk storage media, optical storage media, flash-memory devices, or similar
storage media. In various embodiments, the storage 660 may store instructions for execution by the processor 620 or
data upon with the processor 620 may operate. For example, the storage 660 may store a base operating system 661
for controlling various basic operations of the hardware 600.
[0100] Storage 660 may also store instructions for an AI based engine 662 for generating a model that can be used
to match a measurement made on a device to a user of the device. The model can be a pattern based model or a linear
predictor model, as described above. Storage 660 may also store instructions for a patient identification module 663
that is configured to use models generated by AI based engine 662 to match data received from a home based monitoring
device to an individual user. In addition the processor further includes instructions for a cross correlation update module
664 and a conversion factor calculation module 665 for calculating the cross correlation and conversion factors respec-
tively between pairs of first and second devices, as described above.
[0101] Storage 660 can also include a database 666 that may store, amongst other things, measurements made by
devices, parameters relating to said devices, cross correlations between medical monitoring devices, conversion factors
between medical monitoring devices and models generated by the AI based engine 662.
[0102] It will be apparent that various information described as stored in the storage 660 may be additionally or
alternatively stored in the memory 630. In this respect, the memory 630 may also be considered to constitute a "storage
device" and the storage 660 may be considered a "memory." Various other arrangements will be apparent. Further, the
memory 630 and storage 660 may both be considered to be "non-transitory machine-readable media." As used herein,
the term "non-transitory" will be understood to exclude transitory signals but to include all forms of storage, including
both volatile and non-volatile memories.
[0103] While the host device 600 is shown as including one of each described component, the various components
may be duplicated in various embodiments. For example, the processor 620 may include multiple microprocessors that
are configured to independently execute the methods described herein or are configured to perform steps or subroutines
of the methods described herein such that the multiple processors cooperate to achieve the functionality described
herein. Further, where the device 600 is implemented in a cloud computing system, the various hardware components
may belong to separate physical systems. For example, the processor 620 may include a first processor in a first server
and a second processor in a second server.
[0104] Figure 7 shows an example method of calibrating physiological measurements from a medical monitoring
device that can be executed using an apparatus such as the apparatus 600 described in Figure 6 above.
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[0105] In a first block 702, patient data is received, for example by a network interface such as the network interface
650. In this context, patient data may refer to physiological measurements that are to be calibrated or parameter data
relating to the user, or the medical monitoring device used to make the physiological measurement. Examples of pa-
rameter data are provided in the previous examples above.
[0106] At 704, it is determined whether the received data is from a remote location. If the data is received from a
remote location, then this implies that the patient data has been received from a home based device, whereas if the
data is not from a remote location, then this implies that the data is from a clinical setting and that there is an opportunity
to update the calibration model of an associated home based device. In 704, if it is determined that the data is not from
a remote location (e.g. likely clinical data), then the received patient data is collected alongside data from a home based
device in 706. The clinical and home based measurements are used to update the cross correlation in 708 and the
conversion factor in 710 in a cross correlation update module such as cross correlation update module 664 and conversion
factor calculation module such as conversion factor calculation module 665 respectively. The received data, in addition
to the updated cross correlation and conversion factors are then pushed to a database, such as database 666, in step 712.
[0107] Parameters relating to the measurement(s), the clinical device and/or the home device are used in step 714
to improve models generated by an AI based engine such as AI based engine 662 to match measurements to a user.
The models generated by AI based engines are referred to in this example as patient recognition models. Once the
patient recognition models are updated by AI based engine 662, they are sent to a database such as database 666 in
step 712.
[0108] Returning now to step 704, if it is determined that the measurement is from a remote location, then the method
proceeds to match the patient data to an individual. In step 718, it is determined whether patient details are available
for the measurement. If patient details are available, then the method proceeds to step 720 where an appropriate
conversion factor is fetched from a database such as database 666, for the identified patient using the identified device.
In step 722, the conversion factor is used to calibrate the received measurement and in 712, a database such as database
666 is updated with the newly calibrated measurement.
[0109] If in step 718 it is determined that patient details are not available, then the method proceeds to step 724 where
the patient data is sent to a patient identification module, such as patient identification module 663. In step 726, the
patient identification module uses the available data and the patient recognition model generated by an AI based engine
such as AI based engine 662 to identify the patient.
[0110] Once the patient is identified, then the method proceeds to step 720, where a conversion factor appropriate
for the identified patient is retrieved from a database such as database 666 and used in step 722 to calibrate the patient
data.
[0111] In this way, new data is used efficiently, to improve the calibration process and patient identification models
wherever possible.
[0112] Variations to the disclosed embodiments can be understood and effected by those skilled in the art in practicing
the principles and systems disclosed herein, 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. The
mere fact that certain measures are recited in mutually different dependent claims does not indicate that a combination
of these measures cannot be used to advantage. A computer program may be stored/distributed on a suitable medium,
such as an optical storage medium or a solid-state medium supplied together with or as part of other hardware, but may
also be distributed in other forms, such as via the Internet or other wired or wireless telecommunication systems. Any
reference signs in the claims should not be construed as limiting the scope.
[0113] It should be apparent from the foregoing description that various example embodiments of the invention may
be implemented in hardware or firmware. Furthermore, various exemplary embodiments may be implemented as in-
structions stored on a machine-readable storage medium, which may be read and executed by at least one processor
to perform the operations described in detail herein. A machine-readable storage medium may include any mechanism
for storing information in a form readable by a machine, such as a personal or laptop computer, a server, or other
computing device. Thus, a machine-readable storage medium may include read-only memory (ROM), random-access
memory (RAM), magnetic disk storage media, optical storage media, flash-memory devices, and similar storage media.
[0114] It should be appreciated by those skilled in the art that any block diagrams herein represent conceptual views
of illustrative circuitry embodying the principles of the invention. Similarly, it will be appreciated that any flow charts, flow
diagrams, state transition diagrams, pseudo code, and the like represent various processes which may be substantially
represented in machine readable media and so executed by a computer or processor, whether or not such computer
or processor is explicitly shown.
[0115] Although the various exemplary embodiments have been described in detail with particular reference to certain
exemplary aspects thereof, it should be understood that the invention is capable of other embodiments and its details
are capable of modifications in various obvious respects. The invention is defined by appended claims 1-14.
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Claims

1. A computer implemented method (100) of calibrating measurements made using a medical monitoring device, the
method comprising:

- obtaining (102) a first conversion factor comprising a first cross correlation that describes the correlation
between measurements made using a first medical monitoring device and measurements made using a second
medical monitoring device; and
- using (104) the first conversion factor to convert measurements from the first medical monitoring device onto
the same scale as measurements from the second medical monitoring device, wherein the step of obtaining
comprises:

- receiving a first set of measurements from the first medical monitoring device;
- receiving a second set of measurements from the second medical monitoring device; and
- computing the first cross correlation as the cross correlation between the first set of measurements and
the second set of measurements, wherein the step of obtaining further comprises:

- generating the first conversion factor from the first cross correlation by at least one of:

adding an offset to; and
scaling the first cross correlation using a scaling factor,
wherein the offset and the scaling factor comprise one or more parameters relating to at least one
of the first medical monitoring device and the second medical monitoring device.

2. A method according to claim 1 wherein the one or more parameters relate to the degradation in performance over
time of at least one of the first and the second medical monitoring device.

3. A method according to claim 2 wherein the degradation in performance is described by an exponential term and
the step of generating a first conversion factor comprises adding the exponential term to the first cross correlation.

4. A method according to claim 3 wherein the first conversion factor, C, is given by: 

wherein Pxy = ∑xy - nxy represents the correlation between the measurements, x, from the first medical monitoring

device and the measurements, y, from the second medical monitoring device; Pxx = ∑(xi - x)2 represents the auto-
correlation of the measurements of the first medical monitoring device; Pyy = ∑(yi - y)2 represents the auto-correlation

between the measurements from the second medical monitoring device; and e-ωt represents the device performance
degradation of the first medical monitoring device.

5. A method according to any one of the preceding claims wherein the method further comprises:

- receiving a third set of measurements from the first medical monitoring device;
- receiving a fourth set of measurements from the second medical monitoring device; and
- updating the first conversion factor using the received third and fourth sets of measurements.

6. A method according to any one of claims 1 to 5 wherein the method further comprises:

- receiving a fifth set of measurements from the first medical monitoring device;

- receiving a sixth set of measurements from a third device;
- computing a second cross correlation between the fifth set of measurements and the sixth set of meas-
urements; and
- generating a second conversion factor using the first and second cross correlations to convert measure-
ments from the third device onto the same scale as measurements from the second medical monitoring
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device.

7. A method according to claim 6 wherein the step of generating a second conversion factor comprises:

- calculating an intermediate conversion factor using the second cross correlation to convert measurements
from the third device onto the same scale as the first medical monitoring device; and
- multiplying the intermediate conversion factor by the first conversion factor to obtain the second conversion
factor.

8. A method according to any one of the preceding claims wherein the step of using the first conversion factor comprises:

- obtaining a calibration factor for the user wherein the calibration factor indicates whether the physiological
measurement should be divided or multiplied by the conversion factor; and
- dividing the physiological measurement by the conversion factor if the calibration factor indicates that the
physiological measurement should be divided by the conversion factor; and multiplying the physiological meas-
urement by the conversion factor if the calibration factor indicates that the physiological measurement should
be multiplied by the conversion factor.

9. A method according to claim 8 wherein the calibration factor is given by: 

wherein x and y are pairs of contemporaneous measurements of the first and second devices respectively.

10. A method according to any one of claims 1 to 9 wherein the first and second sets of measurements are taken
contemporaneously.

11. A method according to any one of the preceding claims wherein the first medical monitoring device is a home-based
medical monitoring device and the second medical monitoring device is a clinical device.

12. A method according to any of the preceding claims, wherein the one or more parameters relate to one or more
properties of the device, the one or more properties comprising an identification number, a device model, a tolerance
limit, an operating environment, an accuracy, a performance of the device.

13. A medical monitoring device (402) comprising a computer processor configured to execute a method of calibration
according to any one of the preceding claims.

14. A computer program product comprising a non-transitory computer readable medium, the computer readable medium
having computer readable code embodied therein, the computer readable code being configured such that, on
execution by a suitable computer or processor, the computer or processor is caused to perform the method of any
one of the preceding claims 1-12.

Patentansprüche

1. Computerimplementiertes Verfahren (100) zum Kalibrieren von Messungen, die unter Verwendung einer medizini-
schen Überwachungsvorrichtung durchgeführt werden, wobei das Verfahren umfasst:

- Erhalten (102) eines ersten Umrechnungsfaktors, der eine erste Kreuzkorrelation umfasst, die die Korrelation
zwischen Messungen, die unter Verwendung einer ersten medizinischen Überwachungsvorrichtung durchge-
führt werden, und Messungen beschreibt, die unter Verwendung einer zweiten medizinischen Überwachungs-
vorrichtung durchgeführt werden; und
- Verwenden (104) des ersten Umrechnungsfaktors, um Messungen von der ersten medizinischen Überwa-
chungsvorrichtung auf die gleiche Skala wie Messungen von der zweiten medizinischen Überwachungsvor-
richtung umzurechnen, wobei der Schritt des Erhaltens umfasst:

- Empfangen eines ersten Satzes von Messungen von der ersten medizinischen Überwachungsvorrichtung;
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- Empfangen eines zweiten Satzes von Messungen von der zweiten medizinischen Überwachungsvorrich-
tung; und
- Berechnen der ersten Kreuzkorrelation als die Kreuzkorrelation zwischen dem ersten Satz von Messungen
und dem zweiten Satz von Messungen, wobei der Schritt des Erhaltens weiter umfasst:

- Erzeugen des ersten Umrechnungsfaktors aus der ersten Kreuzkorrelation durch mindestens eines von:

Addieren eines Versatzes zu; und
Skalieren der ersten Kreuzkorrelation unter Verwendung eines Skalierungsfaktors,
wobei der Versatz und der Skalierungsfaktor einen oder mehrere Parameter umfassen, die sich auf die
erste medizinische Überwachungsvorrichtung und/oder die zweite medizinische Überwachungsvorrichtung
beziehen.

2. Verfahren nach Anspruch 1, wobei sich der eine oder die mehreren Parameter auf die zeitliche Verschlechterung
der Leistung der ersten und/oder der zweiten medizinischen Überwachungsvorrichtung beziehen.

3. Verfahren nach Anspruch 2, wobei die Verschlechterung der Leistung durch einen Exponentialterm beschrieben
wird und der Schritt des Erzeugens eines ersten Umrechnungsfaktors das Addieren des Exponentialterms zu der
ersten Kreuzkorrelation umfasst.

4. Verfahren nach Anspruch 3, wobei der ersten Umrechnungsfaktor C gegeben ist durch: 

wobei Pxy = ∑xy- nxy die Korrelation zwischen den Messungen x von der ersten medizinischen Überwachungsvor-

richtung und den Messungen y von der zweiten medizinischen Überwachungsvorrichtung darstellt; Pxx = ∑(xi - x)2

die Autokorrelation der Messungen der ersten medizinischen Überwachungsvorrichtung darstellt; Pyy = ∑(yi - y)2

die Autokorrelation zwischen den Messungen von der zweiten medizinischen Überwachungsvorrichtung darstellt;
und e-ωt die Vorrichtungsleistungsverschlechterung der ersten medizinischen Überwachungsvorrichtung darstellt.

5. Verfahren nach einem der vorstehenden Ansprüche, wobei das Verfahren weiter umfasst:

- Empfangen eines dritten Satzes von Messungen von der ersten medizinischen Überwachungsvorrichtung;
- Empfangen eines vierten Satzes von Messungen von der zweiten medizinischen Überwachungsvorrichtung;
und
- Aktualisieren des ersten Umrechnungsfaktors unter Verwendung des empfangenen dritten und vierten Satzes
von Messungen.

6. Verfahren nach einem der Ansprüche 1 bis 5, wobei das Verfahren weiter umfasst:

- Empfangen eines fünften Satzes von Messungen von der ersten medizinischen Überwachungsvorrichtung;
- Empfangen eines sechsten Satzes von Messungen von der dritten medizinischen Überwachungsvorrichtung;
- Berechnen einer zweiten Kreuzkorrelation zwischen dem vierten Satz von Messungen und dem sechsten
Satz von Messungen; und
- Erzeugen eines zweiten Umrechnungsfaktors unter Verwendung der ersten und zweiten Kreuzkorrelation, um
Messungen von der dritten Vorrichtung auf den gleichen Maßstab wie Messungen von der zweiten medizinischen
Überwachungsvorrichtung umzurechnen.

7. Verfahren nach Anspruch 6, wobei der Schritt des Erzeugens eines zweiten Umrechnungsfaktors umfasst:

- Rechnen eines Zwischenumrechnungsfaktors unter Verwendung der zweiten Kreuzkorrelation, um Messungen
von der dritten Vorrichtung auf den gleichen Maßstab wie die erste medizinische Überwachungsvorrichtung
umzurechnen; und
- Multiplizieren des Zwischenumrechnungsfaktors mit dem ersten Umrechnungsfaktor, um den zweiten Um-
rechnungsfaktor zu erhalten.
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8. Verfahren nach einem der vorstehenden Ansprüche, wobei der Schritt des Verwendens des ersten Umrechnungs-
faktors umfasst:

- Erhalten eines Kalibrierungsfaktors für den Benutzer, wobei der Kalibrierungsfaktor angibt, ob die physiologi-
sche Messung durch den Umrechnungsfaktor dividiert oder multipliziert werden soll; und
- Dividieren der physiologischen Messung durch den Umrechnungsfaktor, wenn der Kalibrierungsfaktor angibt,
dass die physiologische Messung durch den Umrechnungsfaktor dividiert werden soll; und Multiplizieren der
physiologischen Messung mit dem Umrechnungsfaktor, wenn der Kalibrierungsfaktor angibt, dass die physio-
logische Messung mit dem Umrechnungsfaktor multipliziert werden soll.

9. Verfahren nach Anspruch 8, wobei der Umrechnungsfaktor gegeben ist durch: 

wobei x und y Paare von gleichzeitigen Messungen der ersten bzw. der zweiten Vorrichtung sind.

10. Verfahren nach einem der Ansprüche 1 bis 9 wobei der erste und der zweite Satz von Messungen gleichzeitig
durchgeführt werden.

11. Verfahren nach einem der vorstehenden Ansprüche, wobei die erste medizinische Überwachungsvorrichtung eine
häusliche medizinische Überwachungsvorrichtung ist und die zweite medizinische Überwachungsvorrichtung eine
klinische Vorrichtung ist.

12. Verfahren nach einem der vorstehenden Ansprüche, wobei sich der eine oder die mehreren Parameter auf eine
oder mehrere Eigenschaften der Vorrichtung beziehen, wobei die eine oder die mehreren Eigenschaften eine Iden-
tifikationsnummer, ein Vorrichtungsmodell, eine Toleranzgrenze, eine Betriebsumgebung, eine Genauigkeit und
eine Leistung der Vorrichtung umfassen.

13. Medizinische Überwachungsvorrichtung (402) umfassend einen Computerprozessor, der konfiguriert ist, ein Kali-
brierungsverfahren nach einem der vorstehenden Ansprüche auszuführen.

14. Computerprogrammprodukt, umfassend ein nichtflüchtiges computerlesbares Medium, wobei das computerlesbare
Medium darin verkörperten computerlesbaren Code aufweist, wobei der computerlesbare Code derart konfiguriert
ist, dass der Computer oder Prozessor bei seiner Ausführung durch einen geeigneten Computer oder Prozessor
das Verfahren nach einem der Ansprüche 1-12 durchführt.

Revendications

1. Procédé mis en œuvre par ordinateur (100) d’étalonnage de mesures effectuées en utilisant un dispositif de contrôle
médical, le procédé comprenant :

- l’obtention (102) d’un premier facteur de conversion comprenant une première corrélation croisée qui décrit
la corrélation entre des mesures effectuées en utilisant un premier dispositif de contrôle médical et des mesures
effectuées en utilisant un deuxième dispositif de contrôle médical ; et
- l’utilisation (104) du premier facteur de conversion pour convertir des mesures du premier dispositif de contrôle
médical à la même échelle que des mesures du deuxième dispositif de contrôle médical, dans lequel l’étape
d’obtention comprend :

- la réception d’un premier ensemble de mesures du premier dispositif de contrôle médical ;
- la réception d’un deuxième ensemble de mesures du deuxième dispositif de contrôle médical ; et
- le calcul de la première corrélation croisée comme corrélation croisée entre le premier ensemble de
mesures et le deuxième ensemble de mesures, dans lequel l’étape d’obtention comprend en outre :

- la génération du premier facteur de conversion à partir de la première corrélation croisée par au moins
l’une des étapes consistant à :
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lui ajouter un décalage ; et
mettre à l’échelle la première corrélation croisée en utilisant un facteur de mise à l’échelle,
dans lequel le décalage et le facteur de mise à l’échelle comprennent un ou plusieurs paramètres
se rapportant à au moins l’un du premier dispositif de contrôle médical et du deuxième dispositif
de contrôle médical.

2. Procédé selon la revendication 1, dans lequel les un ou plusieurs paramètres se rapportent à la dégradation de
performance au fil du temps d’au moins l’un du premier et du deuxième dispositif de contrôle médical.

3. Procédé selon la revendication 2, dans lequel la dégradation de performance est décrite par un terme exponentiel
et l’étape de génération d’un premier facteur de conversion comprend l’addition du terme exponentiel à la première
corrélation croisée.

4. Procédé selon la revendication 3, dans lequel le premier facteur de conversion C est donné par : 

où Pxy = ∑xy - nxy représente la corrélation entre les mesures x du premier dispositif de contrôle médical et les

mesures y du deuxième dispositif de contrôle médical ; Pxx = ∑(xi - x)2 représente l’autocorrélation des mesures du

premier dispositif de contrôle médical ; Pyy = ∑(yi - y)2 représente l’autocorrélation entre les mesures du deuxième
dispositif de contrôle médical ; et e-ωt représente la dégradation de performance du premier dispositif de contrôle
médical.

5. Procédé selon l’une quelconque des revendications précédentes, dans lequel le procédé comprend en outre :

- la réception d’un troisième ensemble de mesures du premier dispositif de contrôle médical ;
- la réception d’un quatrième ensemble de mesures du deuxième dispositif de contrôle médical ; et
- la mise à jour du premier facteur de conversion en utilisant les troisième et le quatrième ensemble de mesures
reçus.

6. Procédé selon l’une quelconque des revendications 1 à 5, dans lequel le procédé comprend en outre :

- la réception d’un cinquième ensemble de mesures du premier dispositif de contrôle médical ;
- la réception d’un sixième ensemble de mesures d’un troisième dispositif ;
- le calcul d’une seconde corrélation croisée entre le cinquième ensemble de mesures et le sixième ensemble
de mesures ; et
- la génération d’un second facteur de conversion en utilisant la première et la seconde corrélation croisée pour
convertir des mesures du troisième dispositif à la même échelle que des mesures du deuxième dispositif de
contrôle médical.

7. Procédé selon la revendication 6, dans lequel l’étape de génération d’un second facteur de conversion comprend :

- le calcul d’un facteur de conversion intermédiaire en utilisant la seconde corrélation croisée pour convertir des
mesures du troisième dispositif à la même échelle que le premier dispositif de contrôle médical ; et
- la multiplication du facteur de conversion intermédiaire par le premier facteur de conversion pour obtenir le
second facteur de conversion.

8. Procédé selon l’une quelconque des revendications précédentes, dans lequel l’étape d’utilisation du premier facteur
de conversion comprend :

- l’obtention d’un facteur d’étalonnage pour l’utilisateur dans lequel le facteur d’étalonnage indique si la mesure
physiologique doit être divisée ou multipliée par le facteur de conversion ; et
- la division de la mesure physiologique par le facteur de conversion si le facteur d’étalonnage indique que la
mesure physiologique doit être divisée par le facteur de conversion ; et la multiplication de la mesure physio-
logique par le facteur de conversion si le facteur d’étalonnage indique que la mesure physiologique doit être
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multipliée par le facteur de conversion.

9. Procédé selon la revendication 8, dans lequel le facteur d’étalonnage est donné par la formule : 

où x et y sont des paires de mesures simultanées du premier et du deuxième dispositif, respectivement.

10. Procédé selon l’une quelconque des revendications 1 à 9, dans lequel le premier et le deuxième ensemble de
mesures sont pris simultanément.

11. Procédé selon l’une quelconque des revendications précédentes, dans lequel le premier dispositif de contrôle
médical est un dispositif de contrôle médical à domicile et le deuxième dispositif de contrôle médical est un dispositif
clinique.

12. Procédé selon l’une quelconque des revendications précédentes, dans lequel les un ou plusieurs paramètres se
rapportent à une ou plusieurs propriétés du dispositif, les une ou plusieurs propriétés comprenant un numéro
d’identification, un modèle de dispositif, une limite de tolérance, un environnement opératoire, une précision, une
performance du dispositif.

13. Dispositif de contrôle médical (402) comprenant un processeur d’ordinateur configuré pour exécuter un procédé
d’étalonnage conformément à l’une quelconque des revendications précédentes.

14. Produit de programme d’ordinateur comprenant un support non transitoire lisible par ordinateur, le support lisible
par ordinateur ayant un code lisible par ordinateur qui y est mis en œuvre, le code lisible par ordinateur étant
configuré de sorte que, lors d’une exécution par un ordinateur ou un processeur approprié, l’ordinateur ou le pro-
cesseur soit à même d’effectuer le procédé selon l’une quelconque des revendications précédentes 1-12.
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