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(57) Abstract: The invention relates to a method for determin-
ing a target value for a parameter over an upcoming time win-
dow comprising: - providing (S1) a set of data including, for each
preceding time window, the value reached by the parameter and
the associated target value; - selecting (S2) an appropriate time
scale among at least two time scales; - retrieving (S3) data re-
lating to preceding time windows based on the time scale; - cal-
culating (S4) a success factor based on the comparison between
the value reached by the parameter over one or more preceding
time windows and the associated target value; and - determining
(S5) the target value based on the success factor and the value
reached by the parameter over each preceding time window of the
retrieved data. The parameter can be a number of steps measured
by a portable pedometer-type device worn by an individual.
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Method and system for determining a target value of a parameter measured by

a portable device

FIELD OF INVENTION

The invention relates to the field of determining a target value to be reached for a

parameter.

The method and system described hereinafter are particularly suitable for
determining a target number of steps or distance to be travelled for an individual
practicing a physical activity and wearing a portable pedometer-type device.

BACKGROUND OF THE INVENTION

Today, more and more people use new technologies to manage different aspects of
daily life, such as financial expenses, diet, health or physical activity. Tools have thus
been developed and are accessible to users, for instance via applications which can
be downloaded on smartphones. The principle of these tools is to measure one or
more parameters in order to inform the user so that the latter adapts his or her
behavior accordingly, for example by modifying his or her diet or by reducing his or

her financial expenses.

Furthermore, it is advantageous for these tools to determine, by means of algorithms,
target values of the measured parameters which thus constitute objectives for the
user. A quantified goal indeed represents an additional motivation for the user. The
technical challenge for the tools and applications is to have an algorithm that meets
the user's needs and that can adapt to different conditions, including changes in the
user's lifestyle. In recent years, several solutions have been proposed to determine,

in real time, realistic goals adapted to each user.

For example, a moving-window percentile rank algorithm consists of measuring an
individual's physical activity over several days, classifying these days according to
the number of steps and then calculating a new goal based on a percentile criterion.
The application can thus suggest to the individual to reach, for the following day, a
number of steps corresponding to the 60th percentile. However, such an algorithm
has drawbacks since it makes no distinction between the measurement days and
does not adapt to possible drastic changes in the user's daily life. Among the other
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solutions of the prior art, certain algorithms propose to calculate a linear moving
weighted average. The advantage of such a solution is to attribute a weighting
coefficient to each measurement day and therefore to be able to adapt the objective
according to the user's daily life. On the other hand, the calculation of the linear
moving weighted average does not take a change in an individual's daily behavior
into account. In addition, this solution does not consider the failure or success of the

user to achieve the goals set on the previous days.
The present invention seeks to improve the situation.

SUMMARY OF THE INVENTION

The present invention concerns a computer-implemented method for determining a
target value to be reached for a parameter over an upcoming time window

comprising:

- providing a set of data relating to preceding time windows and including, for
each preceding time window, the value reached by the parameter over the
preceding time window and the target value associated with the preceding
time window;

- selecting an appropriate time scale among at least two predetermined time
scales;

- retrieving data relating to one or more preceding time windows based on the
time scale;

- calculating a success factor based on the comparison between the value
reached by the parameter over one or more preceding time windows and the
associated target value; and

- determining the target value for the upcoming time window based on the
success factor and the value reached by the parameter over each preceding
time window of the retrieved data.

The success factor allows to consider the capacity of the parameter, on one or more
preceding time windows, to reach the target value. The retrieving of data related to
one or more preceding time windows selected according to the appropriate time
scale allows to use only relevant data and in particular to take advantage of a
possible periodic behavior in the variations of the parameter value.
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The value of the parameter is for instance measured by a portable device adapted to

be worn by an individual.
Such a portable device can be sensitive to motion.

Typically, the portable device is a pedometer-type device. The parameter quantifies
the intensity or quality of an individual's physical activity. The parameter relates for
instance to a number of steps, a distance traveled by an individual, a number of
calories burned or the duration of the physical activity.

The portable device sensitive to motion can also be an inertial measurement device
configured to measure motion data of a mobile, for example acceleration or angular

velocity.

In such cases, the parameter is therefore measured by a portable device and allows
to characterize, for the individual wearing the portable device, his or her physical
activity, lifestyle or, more generally, his or her behavior to maintain his or her health.
The determined target value then constitutes an objective or goal for the individual.
The appropriate time scale allows for the individual's habits to be considered. The
success factor then corresponds to the individual's past successes or failures in
achieving his or her objectives or goals.

Advantageously, the success factor is calculated based on a profile of the individual
depending on physiological characteristics or data relating to a regular physical
activity or health of the individual.

The use of physiological data or the individual's habits allows the process to be
personalized.

According to an embodiment, the selection of the appropriate time scale depends on

the variations in the parameter value over one or more preceding time windows.

By selecting an appropriate time scale, only relevant data are retained. Indeed, the
variations of the parameter value can have a periodic behavior. Similarly, the ability
of the parameter to reach the target value can also be fluctuating. This is especially
true when the parameter quantifies an individual's behavior, such as physical activity.

Thus, in general, it is advantageous to determine the appropriate time scale
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according to the variations of the value of the parameter over one or more preceding

time windows.

According to an embodiment, each time scale of the at least two predetermined time
scales relates to a period of time. The selection of the appropriate time scale

comprises:

- for each time scale of the at least two predetermined time scales:

e selecting data relating to preceding time windows spaced from the
upcoming time window by a multiple of the period of time to which the
time scale relates;

e calculating, for each pair of two consecutive preceding time windows of
the selected data, a difference between the values reached by the
parameter respectively over each preceding time window of the pair of
two consecutives preceding time windows;

e assigning to the time scale a stability score characterizing the one or
more calculated differences; and

- selecting the appropriate time scale based on the respective stability scores of
the time scales of the at least two predetermined time scales.

The stability score assigned to a time scale depends for example on a ratio of pair of
two consecutive preceding time windows of the selected data for which the
calculated difference is lower than or equal to a predetermined threshold.

In such an embodiment, the selection of the appropriate time scale can be based on
the detection of a point event that changes the behavior of the parameter. When the
parameter allows to quantify the intensity or the quality of the physical activity of an
individual, the comparison of the value of the parameter from one preceding time
window to the next allows to detect a noticeable change in the daily life of the
individual when this change has an impact on the physical activity of the individual.

Such an embodiment makes it possible to consider a move as well as a vacation.

According to an embodiment, each time scale of the at least two predetermined time
scales relates to a period of time. The selection of the appropriate time scale

comprises:

- for each time scale of the at least two predetermined time scales:
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¢ selecting data relating to one or more preceding time windows spaced
from the upcoming time window by a multiple of the period of time to
which the time scale relates;

e calculating, for each preceding time window of the selected data, a
difference between the value reached by the parameter over the
preceding time window and the target value associated with the
preceding time window;

e assigning to the time scale a regularity score characterizing the one or
more calculated differences; and

- selecting the appropriate time scale based on the respective regularity scores

of the time scales of the at least two predetermined time scales.

The regularity score assigned to a time scale depends on a ratio of preceding time
windows of the selected data for which the calculated difference is lower than or
equal to a predetermined threshold.

As in the previous embodiment, the analysis of the variations in the parameter value
with respect to the target value determined for one or more preceding time windows
allows to detect a change in the performance of the parameter. Thus, when the
parameter quantifies the physical intensity or quality of an individual, this
embodiment makes it possible to detect a temporary inability to achieve the
objectives or goals set by the method, for example during a convalescence.

According to an embodiment wherein each time scale of the at least two
predetermined time scales relates to a period of time, the retrieved data relate to one
or more preceding time windows spaced from the upcoming time window by a

multiple of the period of time to which the selected time scale relates.

According to an embodiment, the determination of the target value for the upcoming
time window comprises weighting of the value reached by the parameter over each
preceding time window of the retrieved data so that the weighting coefficient of the
value reached by the parameter over a given time window is greater than or equal to
the weighting coefficient of the value reached by the parameter over a time window

prior to the given time window.
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Preferably, the target value is determined according to a linearly weighted moving

average calculation.

As previously explained, the method relies on past data, namely the value reached
by the parameter over one or more preceding time windows as well as the target
value determined for each of these preceding time windows. However, it may be
advantageous to give more importance to the most recent data. Thus, the weighting
allows to take more recent data than older data. The determined target value is

therefore more accurate and realistic.
According to an embodiment, the method further comprises:

- generating a time series including values of the parameter, the time series
being updated with each new value reached by the parameter over a given
time window; and

- generating by learning at least one predictive model of the value of the
parameter for a given time window as a function of a time component

characterizing the time window;

The target value for the upcoming time window is thus determined using the at least

one predictive model.

Advantageously, the time series is segmented into a plurality of groups of time
windows according to a criterion related to the respective time components of the
time windows and a predictive model is generated by learning for each group of time
windows. In such a case, the determination of the target value for the upcoming time

window comprises:

- applying the criterion to the time component of the upcoming time window in
order to determine the corresponding group of time windows; and
- using the predictive model associated with the group of time windows to

determine the target value for the upcoming time window.

When the parameter relates to the physical activity of an individual, for example the
number of steps or the distance covered over each preceding time window, a
segmentation of the time series is particularly advantageous since the physical
activity of an individual depends on external conditions like for example the season.
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Typically, the time series can be segmented into four groups so that each group
corresponds to a season. This segmentation allows to individualize the data and to

take potential drastic changes in the individual's daily life into account.

This principle is true more generally for any type of parameter whose value may
depend on external conditions that may evolve over time, especially by cycle.

The use of a predictive model allows the results previously obtained by the method to
be used to determine the next target value more quickly and efficiently.

The present invention also relates to a computer program comprising instructions for
implementing the previous method, when the instructions are executed by at least

one processor.

Finally, the present invention concerns a system for determining a target value to be

reached for a parameter over an upcoming time window comprising:

e a communication module arranged to receive a set of data relating to a
plurality of preceding time windows;

e a storage unit arranged to store the received set of data, the data relating
to a preceding time window including the value reached by the parameter
over the preceding time window and the associated target value; and

e a processing unit configured to:

- select an appropriate time scale among at least two predetermined time
scales;

- retrieve, from the storage unit, data relating to one or more preceding
time windows based on the time scale;

- calculate a success factor based on the comparison between the value
reached by the parameter over one or more preceding time windows
and the associated target value; and

- determine the target value for the upcoming time window based on the
success factor and the value reached by the parameter over each
preceding time window of the selected data.

Typically, the system further comprises a portable device adapted to be worn by an
individual and arranged to measure the value of the parameter and to transmit the

value to the communication module.
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BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the invention will become apparent from the
following description provided for indicative and non-limiting purposes, with reference

to the accompanying drawings, wherein:

- FIG.1 illustrates a system for determining a target value to be reached for a
parameter according to the invention;

- FIG. 2 illustrates a method for determining a target value to be reached for a
parameter according to the invention; and

- FIG. 3 illustrates a step of selecting an appropriate time scale of the method
illustrated in FIG. 2.

DETAILED DISCLOSURE

FIG. 1 illustrates a system 1 for determining a target value to be reached for a

parameter.

In the context of the invention, the parameter can be any parameter whose value
varies over time and can be controlled, in particular by an individual. For instance,
the parameter can be used to quantify an aspect of an individual's daily life such as
his or her health or physical activity.

The system 1 is configured to measure the value of the parameter over time and to
determine, at least based on the measurements, a target value that takes the form of
a goal for the individual.

As illustrated in FIG. 1, the system 1 comprises a portable device 3, hereinafter

device 3, and a server 5.

It should be understood here that the distinction between the system 1, the device 3
and the server 5 is purely functional and that any other configuration with the same

functionality is possible.

In particular, the device 3 and the server 5 can form a single device or apparatus
capable of implementing the functionalities not only of the device 3 but also of the
server 5. FIG. 1 simply relates to a particular embodiment in which certain

functionalities are deported to a remote entity, namely the server 5.
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The device 3 is arranged to measure the value of the parameter. The device 3
measures the value of the parameter for example in real time. Alternatively, the

device 3 measures the value of the parameter at regular time intervals.

As previously explained, the device 3 illustrated in FIG. 1 is a portable device. The
portable device 3 is adapted to be worn by an individual. More generally, in the
context of the invention, the device 3 is configured to measure a parameter relating
to an individual's behavior or activity. This individual is, for example, the wearer of the
portable device 3.

In a preferred embodiment, the portable device 3 is sensitive to motion.

The device 3 is for instance an inertial measurement unit (known under the acronym
“IMU”). In such a case, the device 3 is an electronic device configured to measure
motion data of a mobile, for example acceleration or angular velocity. The device 3
can also be a pedometer-type device. In such a case, the device 3 is configured to
measure movement data relating to the walking of an individual. The device 3 can
thus be worn by an individual and is configured to measure a number of steps or a

distance traveled by the individual.

When the device 3 is a portable pedometer-type device sensitive to motion, the
parameter measured by the device 3 may be any parameter quantifying the intensity
or quality of an individual's physical activity. Therefore, the device 3 can also be
configured to measure a number of calories burned or the duration of a physical

activity.

Finally, the device 3 can also be configured to measure other parameters. The
device 3 includes for instance an ambient light sensor (known under the acronym
“ALS”) configured to measure a parameter characterizing the time spent outside by
an individual. The device 3 can also include an ultraviolet sensor configured to
measure an amount of vitamin D produced by an individual's body. Still as an
example, the device 3 can include a time-of-flight (known under the acronym “TOF”)
sensor configured to measure a parameter characterizing the time spent near to work

by an individual.
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The measurements collected by the device 3 are intended to be used to determine a
target value of the parameter. This target value can thus be a target number of steps

or distance to be covered for the individual wearing the device 3.

The device 3 comprises a memory 7, a processor 9, a communication module 11 and

a screen 13.

The memory 7 is configured to store instructions whose implementation by the
processor 9 results in the operation of the device 3. Furthermore, the memory 7 is
also configured to store measurements collected by the device 3. The memory 7 may
be a volatile or non-volatile memory, and the stored measurements may be erased
after using these measurements to determine the target value to be reached by the

parameter.

The communication module 11 is configured to transmit the measurements collected
by the device 3 and stored in the memory 7 to the server 5. Of course, when the
respective functionalities of the device 3 and the server 5 are implemented within the
same device or apparatus, the communication module 11 is simply configured to
route the measurements stored in the memory to a processing unit of that device or

apparatus.

In the case of a remote server 5, it is known to the skilled person that there are many
different types of data communication networks, for example cellular or non-cellular
radio communication networks, and that, depending on the embodiment, the
communication module 11 may integrate one or more communication sub-modules,
for example for radiofrequency communication and be configured for the
transmission and reception of radiofrequency signals, according to one or more
technologies, such as TDMA, FDMA, OFDMA, CDMA, or one or more
radiocommunication standards, such as GSM, EDGE, CDMA, UMTS, HSPA, LTE,
LTE-A, WiFi (IEEE 802. 11) and WIMAX (IEEE 802.16), or their variants or
evolutions, currently known or further developed, e.g. 5G.

The screen 13 is configured to display information that may be relevant to any
individual, especially the individual wearing the device 3 in the embodiment in which
the device is a portable pedometer-type device sensitive to motion. In this case, the
screen 13 is configured to display the number of steps or the distance traveled. This
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information can be displayed in real time or at regular time intervals, for example at

the end of the day.

Furthermore, when the functionalities of the device 3 and the server 5 are
implemented in one and the same device or apparatus, the screen 13 can be
configured to display the target value to be reached by the parameter.

According to a particular embodiment, the screen 13 may be a touch screen or a
Human-Machine Interface configured to allow the individual wearing the device 3 to
input information necessary for determining the target value to be reached by the
parameter. The information can relate to a profile of the individual including
physiological characteristics or data relating to a regular physical activity or health of

the individual.

The server 5 is configured to determine the target value to be reached according to

at least the measurements collected by the device 3.

As previously explained, the individual wearing the device 3 can also enter
information via the screen 13. The information can also be transmitted by the
communication module 13 to the server 5 for the determination of the target value.

In the embodiment illustrated in FIG. 1, the server 5 comprises a communication

module 15, a storage unit 17 and a processing unit 19.

The communication module 15 is configured to receive measurements, and possibly
profile information of the individual wearing the device 3, from the device 3 and more
precisely from the communication module 11. In the particular case in which the
functionalities of the device 3 and the server 5 are implemented within a single
device or apparatus, the communication module 15 can form with the communication
module 11 means for routing the measurements of the value of the parameter to the

processing unit 19.

Conversely, in the case of a remote server 5, the communication module 15 of the
server 5 can be similar to the communication module 11 of the device 3.

The storage unit 17 is arranged to store a set of data. In the context of the invention,
the set of data stored in the storage unit 17 includes at least, for one or more time

windows, the value reached by the parameter over each of these time windows and
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the target value determined for each time window. It should be understood here that
a time window is a fixed time interval that can be expressed in a time unit. A time
window is for example a day as clearly defined in a calendar. Of course, the skilled
person understands that any other segmentation of time is possible to determine a
plurality of time windows of fixed duration.

The storage unit 17 can be further configured to store additional information, such as
information about the individual's profile and including physiological characteristics or

data relating to the regular physical activity or health of the individual.

Furthermore, the storage unit 17 can also be configured to store a weighting
coefficient associated with each time window and more specifically with each value
reached by the parameter over a time window. Indeed, it may be relevant, in order to
determine the target value to be reached by the parameter, to weight the values
reached by the parameter over previous time windows. Typically, the weighting
coefficients are determined so that the weighting coefficient of a given time window is
greater than the weighting coefficient of a time window prior to the given time
window. Such an embodiment is particularly suitable when the target value is
determined according to a linearly weighted moving average calculation.

The processing unit 19 is configured to determine the target value to be reached by
the parameter over an upcoming time window based on data stored in the storage
unit 17.

As illustrated in FIG. 1, the processing unit 19 comprises a memory 21 and a
processor 23.

The memory 21 is configured to store instructions whose implementation by the
processor 23 results in the operation of the processing unit 19. The operation of the
processing unit 19 results in the determination of the target value to be reached by
the parameter for the upcoming time window. This target value can then be stored in

the storage unit 17 in association with the upcoming time window.

The functioning of the processing unit 19 will now be described in more detail below
with reference to FIG. 2 and FIG. 3.
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In the general context of the invention, the method described hereinafter aims at
determining a target value to be reached by a parameter over an upcoming time
window. This target value is determined not only on the basis of measurements of
the value of the parameter over one or more previous time windows but also on the
basis of information such as success or failure in reaching the target value over one
or more previous time windows. In a preferred application of the invention, the
parameter is used to characterize the behavior or lifestyle of an individual and
quantifies physical activity, diet or health of the individual. The target value
determined for the upcoming time window thus constitutes a goal for the individual.

In the description of the method, which is the subject matter of the present invention,
the parameter relates to a number of steps or a distance traveled by an individual
measured by a portable pedometer-type device sensitive to motion, such as the
device 3. As previously explained, the parameter can also be any parameter
quantifying the intensity or quality of an individual's physical activity. The parameter
can thus relate to a number of calories burned or the duration of a physical activity.
The parameter can also relate to the time spent outside by an individual or an

amount of vitamin D produced by an individual's body.

Of course, the same method can be implemented when the considered device 3 is

an inertial measurement unit.

In a step S1, a set of data is provided. The set of data relates to preceding time
windows and includes, for each preceding time window, the value reached by the
parameter over the preceding time window and the target value associated with the

preceding time window.

The set of data is for instance stored in the storage unit 17 and is provided to the
processing unit 19 for the determination of the target value to be reached by the

parameter over the upcoming time window.

Furthermore, the set of data may include additional data such as information relating
to the profile of the individual and including physiological characteristics or data
relating to the regular physical activity or health of the individual. As previously
explained, the set of data also includes a weighting coefficient for each time window
and more specifically for each value reached by the parameter over a time window.
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In a step S2, an appropriate time scale is selected. More exactly, the appropriate
time scale is selected among at least two predetermined time scales. The memory 21
of the processing unit 19 stores for instance a plurality of possible time scales among
which the appropriate time scale can be selected.

A time scale is characterized by a period of time. The time scale makes it possible to
select, among the preceding time windows, the relevant time windows, i.e. the time
windows associated with data, for instance within the storage unit 17, which have to

be used to determine the target value.

As previously explained, the method is specifically applied to the embodiment
wherein the parameter relates to a number of steps or a distance traveled by an
individual measured by the portable pedometer-type device 3 sensitive to motion.
The value of the parameter depends on the physical activity of the individual.
However, the physical activity depends on the habits of the individual and more
generally on the organization of his or her daily life. Therefore, it is necessary to
select an appropriate time scale to use the relevant data. Here, the time window
corresponds to a day as defined in a calendar.

The time scale corresponds for example to a day, in which case the relevant data
relate to the consecutive day or days preceding the upcoming day. Another possible
time scale is a week. In such a case, the relevant data are not the data of the
previous day but that of the same day of the previous week. Indeed, if the individual
practices a physical activity every week only on Tuesday, the target number of steps
or the target distance to be traveled for a Tuesday will not be determined according
to the data relating to the day before or to the weekend. The data to be considered
will indeed be the data relating to the Tuesday of the previous week(s). Of course,
the skilled person understands that other time scales are possible, for example a

time scale corresponding to one month.

The step S2 of selecting an appropriate time scale will now be described in more
detail below with reference to FIG. 3.

According to an embodiment, the processing unit 19 tests one or more time scales to
determine the most suitable for determining the target value. The principle is to

analyze the variations in the parameter value for one or more preceding time
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windows. In the embodiment illustrated in FIG. 3, the memory 21 of the processing
unit 19 stores a plurality of possible time scales, for instance N time scales, where N
is an integer greater than or equal to 2. At the beginning of step S2, a local variable is
initialized. This local variable scans the set of integers from 1 to N and allows to
characterize each predetermined time scale. As previously explained, each time
scale corresponds to a period of time. The following sub-steps are applied to each

time scale, and more particularly to the associated period of time.

In a sub-step S21, the processing unit 19 selects data relating to one or more
preceding time windows spaced from the upcoming time window by a multiple of the
period of time to which the time scale relates are selected. The data are typically
retrieved from the storage unit 17.

For instance, if the tested time scale corresponds to one week, the processing unit
19 selects at least the data corresponding to the same day of the previous week,
thus the day spaced one week from the upcoming time window, i.e. the upcoming
day. Of course, the processing unit 19 can also select data for the same day of
several previous weeks, for example the day two weeks away from the upcoming day
and the day three weeks away from the upcoming day.

Similarly, if the tested time scale is one day, the processing unit 19 can select data
relating to the previous five days, since each of these days is separated from the

upcoming day by a multiple of one day.

In a sub-step S22, the processing unit 19 calculates, for each preceding time window
of the selected data, a difference between the value reached by the parameter over
the preceding time window and the target value associated with the considered

preceding time window.

As explained above, the storage unit 17 stores data relating to several preceding
time windows. For each preceding time window, the storage unit 17 stores both the
value reached by the parameter over that preceding time window and the target
value determined for that preceding time window.

The difference is for example the absolute value of the difference between the
reached value and the target value.
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In the aforementioned example in which the time scale corresponds to one day and
in which the processing unit 19 selects the data corresponding to the last five time
windows, i.e. the last five days, the processing unit 19 calculates five differences, i.e.
the difference between the value reached by the parameter and the target value for
each of these last five days.

In a sub-step S23, the processing unit 19 assigns to the tested time scale a regularity
score characterizing the one or more calculated differences. The regularity score
assigned to the time scale depends for instance on a ratio of preceding time windows
of the selected data for which the calculated difference is lower than or equal to a
predetermined threshold.

For example, we now consider that the tested time scale corresponds to one week
and that the processing unit 19 selected the data corresponding to the same day as
the upcoming day but for the last three weeks. The processing unit 19 has thus
calculated the difference between the value reached by the parameter and the
associated target value for each of these three days. Furthermore, if the parameter
corresponds to the number of steps, the predetermined threshold can be set to 1000.
The regularity score can then correspond to the proportion of these three days for
which there is less than 1000 steps difference between the number of steps taken by
the individual and the target number of steps.

In a sub-step S24, the processing unit 19 determines, according to the value of the
local variable, whether all the time scales have been tested. Otherwise, the following
time scale is selected to be tested according to the sub-steps S21, S22 and S23 as

explained previously.

Finally, in a sub-step S25, the processing unit 19 selects the appropriate time scale
based on the respective regularity scores of the time scales of the at least two
predetermined time scales.

If the regularity score assigned to a time scale depends on a ratio of preceding time
windows of the selected data for which the calculated difference is lower than or
equal to a predetermined threshold, the appropriate time scale is for instance the one

with the highest score.
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Of course, other embodiments are possible for the implementation of step S2.
Advantageously, these other embodiments also depend on the variations of the value
of the parameter over one or more preceding time windows. The embodiment

detailed below can also be described with reference to FIG. 3.

Like the above-detailed embodiment, the memory 21 of the processing unit 19 can
store a plurality of possible time scales, for instance N time scales, where N is an
integer greater than or equal to 2. At the beginning of step S2, a local variable is
initialized. This local variable scans the set of integers from 1 to N and allows to
characterize each predetermined time scale. As previously explained, each time
scale corresponds to a period of time. The following sub-steps are applied to each
time scale, and more particularly to the associated period of time.

In the sub-step S21, the processing unit 19 selects data relating to preceding time
windows spaced from the upcoming time window by a multiple of the period of time
to which the time scale relates are selected. The data are typically retrieved from the
storage unit 17.

In the sub-step S22, the processing unit 19 calculates, for each pair of two
consecutives preceding time window of the selected data, a difference between the
values reached by the parameter respectively over each preceding time window of

the pair of two consecutives preceding time windows.

In this case, two preceding time windows of a pair are temporally consecutive. In
other words, if the preceding time windows of the selected data are ordered
chronologically, two preceding time windows are consecutive if they follow each
other. For example, if the time scale corresponds to one week, two consecutive
preceding time windows are separated by exactly one week.

The difference is for example the absolute value of the difference between the values
reached by the parameter respectively over each preceding time window of the pair

of two consecutives preceding time windows.

In an example in which the time scale corresponds to one month and in which the
processing unit 19 selects the data corresponding to the last four time windows, i.e.
the last four days spaced from the day to come by one month, two months, three
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months and four months respectively, the processing unit 19 calculates three
differences.

In fact, if these four days are ordered chronologically, the processing unit 19
calculates a first difference between the value reached by the parameter over the first
day and the value reached by the parameter over the second day, a second
difference between the value reached by the parameter over the second day and the
value reached by the parameter over the third day and a third difference between the
value reached by the parameter over the third day and the value reached by the
parameter over the fourth day.

In the sub-step S23, the processing unit 19 assigns to the tested time scale a stability
score characterizing the one or more calculated differences. The stability score
assigned to the time scale depends for instance on a ratio of pair of two consecutive
preceding time windows of the selected data for which the calculated difference is
lower than or equal to a predetermined threshold. The predetermined ratio used to
determine the stability can be equal to or different from the predetermined threshold
used to determine the regularity ratio.

For example, we now consider that the tested time scale corresponds to one day and
that the processing unit 19 selected the data corresponding to the last five days. The
processing unit 19 has thus calculated the difference between the values reached by
the parameter respectively over each preceding time window of each of the four pairs
of consecutives days. Furthermore, if the parameter corresponds to the traveled
distance, the predetermined threshold can be set to 2 kilometers. The stability score
can then correspond to the proportion of these four pairs of consecutive days for
which there is less than 2 kilometers difference between the distance traveled by the
individual over the first day of a pair and the second day of the same pair.

In the sub-step S24, the processing unit 19 determines, according to the value of the
local variable, whether all the time scales have been tested. Otherwise, the following
time scale is selected to be tested according to the sub-steps S21, S22 and S23 as

explained previously.
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Finally, in the sub-step S25, the processing unit 19 selects the appropriate time scale
based on the respective stability scores of the time scales of the at least two

predetermined time scales.

If the stability score assigned to a time scale depends on a ratio of pair of two
consecutive preceding time windows of the selected data for which the calculated
difference is lower than or equal to a predetermined threshold, the appropriate time
scale is for instance the one with the highest score.

The two embodiments previously described with reference to FIG. 3 can also be
combined. For example, it is possible to calculate, for each time scale, both the
regularity score and the stability score and then to compare the scores of the time
scales to select the appropriate time scale. Another possible combination is also to
choose one or the other of the embodiments according to the time scale selected for

the time window immediately preceding the upcoming time window.
In the following description of the method, reference is again made to FIG. 2.

In a step S3, the processing unit 19 retrieves data relating to one or more preceding
time windows based on the selected appropriate time scale. Typically, the retrieved
data relate to one or more preceding time windows spaced from the upcoming time
window by a multiple of the period of time to which the selected appropriate time
scale relates.

It must be noted that the retrieved data are not necessarily exactly the ones selected
in sub-step S21 for testing the finally selected time scale. If the selected time scale
corresponds to a week and if three days were selected in sub-step S21, the
processing unit 19 can, in step S3, select six days, i.e. the same day as the
upcoming day, but for the last six weeks.

In a step S4, the processing unit 19 calculates a success factor based on the
comparison between the value reached by the parameter over one or more

preceding time windows and the associated target value.

Indeed, one of the advantages of the invention is to take the past success or failure
to reach the target value into account. For instance, when the parameter is the
distance covered over each time window, i.e. each day, by the individual, the
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success factor makes it possible to take into account the individual's ability to
succeed, the day before or the days before, in reaching the set goal, i.e. the
determined target value. This success factor thus makes it possible to consider the
individual's recent performance and his or her ability to achieve his or her objectives.

This success factor typically takes the form of a multiplicative coefficient greater than
or equal to 1 when the individual has globally succeeded, over one or more days
preceding the day to come, in reaching the set goal. Conversely, this multiplicative
coefficient is less than 1 when the individual has globally failed, over one or more
days preceding the day to come, to reach the set goal. The skilled person
understands that this reasoning can be applied to any parameter, and not only the
number of steps or the distance covered by an individual measured by a portable

pedometer-type device sensitive to motion.

As an example, the value of the success factor can be determined as follows: the
processing unit 19 selects the last three preceding time windows, so typically the last
three days. For each of these last three days, the storage unit 17 stores the value
reached by the parameter, for instance the number of steps or the distance traveled
by an individual, as well as the target value determined for each of these three days.
If the value of the parameter is greater than the associated target value for all three
days, then the success factor is equal to 1.1 (or 110%). On the other hand, if the
value of the parameter is lower than the associated target value for the three days
considered, then the success factor is equal to 0.9 (or 90%). In the other cases, if the
value of the parameter is higher than the associated target value only for one or two
days, then the success factor is equal to 1 (or 100%).

Of course, it is possible to calculate the success factor based on only one or two
preceding time windows or many more than three time windows. Similarly, it is

possible to determine the value of the success factor in several ways.

Additionally, the success factor can be calculated based on a profile of the individual
depending on physiological characteristics or data relating to the regular physical

activity or health of the individual.

In a step S5, the processing unit 19 determines the target value for the upcoming
time window based on the success factor and the value reached by the parameter
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over each preceding time window of the retrieved data. The retrieved data

correspond here to the data retrieved during step S3.

The target value to be reached by the parameter over an upcoming time window |

can be calculated as follows:
1 k
TV(j) = SF X EZP(j — i)
i=1

where:

- jis the upcoming time window;

- TV(j) is the target value to be reached by the parameter over the upcoming
time window;

- ks the number of preceding time window of the retrieved data;

- - is the i-th preceding time window;

- P(-i) is the value reached by the parameter over the i-th preceding time
window; and

- SF is the success factor.

In the previous formula, it must be noted that, if the time window corresponds to a
day, the appropriate time scale corresponds to one day since the preceding time
windows of the retrieved data are indexed j-i.

In the embodiment illustrated in FIG. 2, the step S5 comprises a preliminary sub-step
S51 wherein the value reached by the parameter over each preceding time window
of the retrieved data is weighted. Typically, the weighting of the value reached by the
parameter over a given time window is greater than the weighting of the value

reached by the parameter over a time window prior to the given time window.

This weighting sub-step S51 is particularly suitable when the target value is
determined according to a linearly weighted moving average calculation.

For instance, the target value to be reached by the parameter over an upcoming time

window j can be calculated as follows:

k
V() :SFXZW(j—7i)><P(j—7i)
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where:

- jis the upcoming time window;

- TV(j) is the target value to be reached by the parameter over the upcoming
time window;

- ks the number of preceding time window of the retrieved data;

- j-7iis the i-th preceding time window;

- w(j-7i) is the weighting coefficient of the i-th preceding time window;

- P(j-7i) is the value reached by the parameter over the i-th preceding time
window; and

- SF is the success factor.

In the previous formula, it must be noted that, if the time window corresponds to a
day, the appropriate time scale corresponds to one week since the preceding time
windows of the retrieved data are indexed j-7i.

Still referring to FIG. 2, the steps described below relate to a particular embodiment
in which the target value to be reached by the parameter over the upcoming time

window is also determined by learning.

In a step T1, the device 3 measures parameter values. As explained above, the
parameter values can be measured in real time or at regular time intervals. These
values are measured over one or more time windows and are transmitted by the
communication module 11 of the device 3 to the communication module 15 of the
server 5 to be stored in the storage unit 17. As previously explained, the device 3 is
for example a portable pedometer-type device sensitive to motion and the measured
parameter is the number of steps or the distance traveled by the individual wearing
the device 3. The measured values can be displayed in real time or at regular time
intervals by the screen 13 of the device 3.

As illustrated in FIG. 2, the measurements collected by the device 3 and transmitted
to the server 5 are used to generate the data provided to the processing unit 19 in
order to determine the target value to be reached by the parameter over the

upcoming time window.

The skilled person understands here that this step T1 is not unique to the

embodiment in which the target value is determined at least in part by learning and
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can therefore be implemented independently, if only to generate the data stored in
the storage unit 17.

In a step T2, the processing unit 17, and more precisely the processor 23, generates
a time series including values of the parameter. A time series is a series of data
points indexed or listed in time order. In other words, this time series takes the form
of a set of parameter values each associated with a time component which

characterizes, for example, the instant at which the value was measured.

The time series can be updated with each new value reached by the parameter over
a given time window. In other words, the time series is updated each time the device

3 measures a new value of the parameter and transmits this value to the server 5.

In an optional step T3, the processing unit 19 segments the time series into a
plurality of groups of time windows according to a criterion related to the respective

time components of the time windows.

The temporal components of the time windows allow to order them in time, i.e. to
classify them chronologically. The temporal component of a time window allows to
know, for example, if this time window is earlier or later than another time window, if
the temporal component associated with the latter is known. Therefore, this criterion
consists, for instance, in grouping consecutive time windows once they have been
classified chronologically. According to an embodiment, each group comprises the

same number of time windows.

When the parameter relates to the physical activity of an individual, for example the
number of steps or the distance covered over each time window, a segmentation of
the time series is particularly advantageous since the physical activity of an individual
depends on external conditions like for example the season. Typically, the time
series can be segmented into four groups so that each group corresponds to a
season. This segmentation allows to individualize the data and to take potential
drastic changes in the individual's daily life into account.

In a step T4, the processing unit 19 generates by learning at least one predictive
model of the value of the parameter for a given time window as a function of a time

component characterizing the considered time window.
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It can be supervised or semi-supervised learning.

If the optional step T3 is implemented, a predictive model is generated by learning for
each group of time windows. Conversely, if the time series is not segmented by the

processing unit 19, only one predictive model can be generated in step T4.

In a step T5, the processing unit 19 applied the criterion to the time component of the
upcoming time window in order to determine the corresponding group of time

windows.

If we consider the previous example in which the parameter relates to the physical
activity of an individual and in which the time series is for example segmented into
four groups corresponding to the seasons, it appears that the principle of the step T5
is to determine, using the time component of the upcoming time window, therefore
the day to come, to which season this upcoming day belongs. The temporal
component thus makes it possible to determine to which group of the time series the

upcoming day is closest.

In the above-mentioned step S5 illustrated in FIG. 2, the predictive model associated
with said group of time windows is used to determine the target value for the

upcoming time window.

In the absence of segmentation and therefore if only one predictive model has been
generated, then it is not necessary to apply such a criterion and the predictive model
can be used to determine, depending on the time component of the upcoming time
window, the target value to be reached by the parameter on the upcoming time

window.

Of course, the predictive model can be used alone to determine the target value but
can also be used in combination with the embodiments detailed previously, i.e. with
the weighting coefficients for the value reached by the parameter over one or more
preceding time windows and with the data relating to the profile of the individual
including physiological characteristics or data relating to the regular physical activity

or health of the individual.
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CLAIMS

1.

A computer-implemented method for determining a target value to be reached
for a parameter over an upcoming time window comprising:

providing (S1) a set of data relating to preceding time windows and including,
for each preceding time window, the value reached by said parameter over
said preceding time window and the target value associated with said
preceding time window;

selecting (S2) an appropriate time scale among at least two predetermined
time scales;

retrieving (S3) data relating to one or more preceding time windows based on
said time scale;

calculating (S4) a success factor based on the comparison between the value
reached by said parameter over one or more preceding time windows and the
associated target value; and

determining (S5) the target value for the upcoming time window based on said
success factor and the value reached by said parameter over each preceding

time window of the retrieved data.

The method of claim 1, wherein the value of said parameter is measured by a
portable device (3) adapted to be worn by an individual.

The method of claim 2, the portable device being a pedometer-type device
sensitive to motion, wherein the parameter quantifies the intensity or quality of
an individual's physical activity, such as a number of steps, a distance traveled
by an individual, a number of calories burned or the duration of said physical
activity.

The method of claim 3, wherein the success factor is calculated based on a
profile of said individual depending on physiological characteristics or data
relating to a regular physical activity or health of said individual.
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. The method of one of the previous claims, wherein the selection of the

appropriate time scale depends on the variations in the parameter value over

one or more preceding time windows.

. The method of claim 5, wherein each time scale of the at least two

predetermined time scales relates to a period of time, and wherein selecting
the appropriate time scale comprises:
for each time scale of the at least two predetermined time scales:

e selecting (S21) data relating to preceding time windows spaced from
the upcoming time window by a multiple of the period of time to which
said time scale relates;

e calculating (S22), for each pair of two consecutive preceding time
windows of the selected data, a difference between the values reached
by the parameter respectively over each preceding time window of said
pair of two consecutives preceding time windows;

e assigning (S23) to said time scale a stability score characterizing the
one or more calculated differences; and

selecting (S25) the appropriate time scale based on the respective stability

scores of the time scales of the at least two predetermined time scales.

. The method of claim 6, wherein the stability score assigned to a time scale

depends on a ratio of pair of two consecutive preceding time windows of the
selected data for which the calculated difference is lower than or equal to a
predetermined threshold.

. The method of one of claims 5 to 7, wherein each time scale of the at least

two predetermined time scales relates to a period of time, and wherein
selecting the appropriate time scale comprises:
for each time scale of the at least two predetermined time scales:
¢ selecting data relating to one or more preceding time windows spaced
from the upcoming time window by a multiple of the period of time to
which said time scale relates;
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e calculating, for each preceding time window of the selected data, a
difference between the value reached by the parameter over said
preceding time window and the target value associated with said
preceding time window;
e assigning to said time scale a regularity score characterizing the one or
more calculated differences; and
selecting the appropriate time scale based on the respective regularity scores

of the time scales of the at least two predetermined time scales.

9. The method of claim 8, wherein the regularity score assigned to a time scale

depends on a ratio of preceding time windows of the selected data for which

the calculated difference is lower than or equal to a predetermined threshold.

10. The method of one of the previous claims, wherein each time scale of the at

least two predetermined time scales relates to a period of time, and wherein
the retrieved data relate to one or more preceding time windows spaced from
the upcoming time window by a multiple of the period of time to which the
selected time scale relates.

11.The method of one of the previous claims, wherein determining the target

value for the upcoming time window comprises weighting (S51) of the value
reached by the parameter over each preceding time window of the retrieved
data so that the weighting coefficient of the value reached by the parameter
over a given time window is greater than or equal to the weighting coefficient
of the value reached by the parameter over a time window prior to said given

time window.

12. The method of one of the previous claims, further comprising:

generating (T2) a time series including values of the parameter, said time
series being updated with each new value reached by said parameter over a
given time window; and

generating (T4) by learning at least one predictive model of the value of the
parameter for a given time window as a function of a time component

characterizing said time window;
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wherein the target value for the upcoming time window is determined using

said at least one predictive model.

13.The method of claim 12, wherein the time series is segmented (T3) into a

plurality of groups of time windows according to a criterion related to the

respective time components of said time windows and a predictive model is

generated by learning for each group of time windows, and wherein

determining the target value for the upcoming time window comprises:

- applying (T5) said criterion to the time component of the upcoming time

window in order to determine the corresponding group of time windows; and

- using the predictive model associated with said group of time windows to

determine the target value for the upcoming time window.

14.Computer program comprising instructions for implementing the method of

one of the previous claims, when said instructions are executed by at least

one processor (9, 23).

15. A system (1) for determining a target value to be reached for a parameter over

an upcoming time window comprising:

a communication module (15) arranged to receive a set of data relating to

a plurality of preceding time windows;

a storage unit (17) arranged to store the received set of data, the data

relating to a preceding time window including the value reached by said

parameter over said preceding time window and the associated target

value; and

a processing unit (19) configured to:

- select an appropriate time scale among at least two predetermined time
scales;

- retrieve, from the storage unit, data relating to one or more preceding
time windows based on said time scale;

- calculate a success factor based on the comparison between the value
reached by said parameter over one or more preceding time windows
and the associated target value; and



WO 2022/263202 PCT/EP2022/065135
29

- determine the target value for the upcoming time window based on said
success factor and the value reached by said parameter over each

preceding time window of the selected data.
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