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MONITORING ACCUMULATED ACTIVITY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority based on Finnish
Application No. 20125185, filed Feb. 17, 2012, which is
incorporated herein by reference in its entirety.

BACKGROUND

[0002] 1 Field

[0003] Theinventionrelates to the field of performance and
activity monitors, such as sports computers and, particularly,
to configuring such a device to monitor accumulated activity.
[0004] 2. Description of the Related Art

[0005] There are several types of exercise devices in the
markets. Some of them are designed for athletes that concen-
trate heavily on their sports genres. Other devices are
designed for monitoring general activity of a user to enable
the user to ensure that he/she maintains a daily activity level.
Such devices typically operate such that there is provided a
target value and, ther, the user’s physical activity is measured
with a measurement device attached to the user, and the
measurement results are compared with the target value so as
to determine whether or not the user has achieved the target.

SUMMARY

[0006] According to an aspect of the present invention,
there is provided a computer program product embodied on a
computer readable distribution medium arranged, when read
by the computer, to cause execution of a computer process
comprising: acquiring, in an activity monitoring apparatus,
target accumulation parameters defining a target total amount
of physical activity for a user to accumulate within an obser-
vation interval, wherein the amount of physical activity is
defined in terms of an attribute measurable during the physi-
cal activity; distributing, in the activity monitoring apparatus,
the target accumulation parameters into a plurality of subsets
in a time domain such that each subset is associated with a
time sub-interval and a target accumulation value, wherein
the sum of the sub-intervals equals to the observation interval;
and monitoring, in the activity monitoring apparatus, the
physical activity of the user during a sub-interval by compar-
ing a measured accumulation of the physical activity with the
target accumulation derived from at least the target accumu-
lation value of the sub-interval and by outputting a progress
indicator indicating the measured accumulation of the physi-
cal activity with respect to the target accumulation.

[0007] According to yetanother aspect, there is provided an
apparatus comprising: at least one processor; and at least one
memory including program instructions, wherein the at least
one memory and the computer program code are configured,
with the at least one processor, to cause the apparatus to:
acquire target accumulation parameters defining a target total
amount of physical activity for a user to accumulate within an
observation interval, wherein the amount of physical activity
is defined in terms of an attribute measurable during the
physical activity; distribute the target accumulation param-
eters into a plurality of subsets in a time domain such that each
subset is associated with a time sub-interval and a target
accumulation value, wherein the sum of the sub-intervals
equals to the observation interval; and monitor the physical
activity of the user during a sub-interval by comparing a
measured accumulation of the physical activity with the tar-
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get accumulation derived from at least the target accumula-
tion value of the sub-interval and by outputting a progress
indicator indicating the measured accumulation of the physi-
cal activity with respect to the target accumulation.

[0008] In an embodiment, the target accumulation values
represent a cumulative distribution function of the total
amount of physical activity, and the at least one memory and
the computer program code are configured, with the at least
one processot, to cause the apparatus to: acquire measured
accumulation of the physical activity measured during said
sub-interval and during all previous sub-intervals of the
observation interval, if any; and compute the progress indi-
cator by comparing the difference between the acquired mea-
sured accumulation of the physical activity and the target
accumulation value of the current sub-interval.

[0009] Inanembodiment, the at least one memory and the
computer program code are configured, with the at least one
processor, to cause the apparatus to distribute the target accu-
mulation parameters into the plurality of subsets unequally
such that at least one of the sub-intervals is associated with
higher target accumulation of physical activity than at least
one other sub-interval. In an embodiment, the at least one
memory and the computer program code are configured, with
the at least one processor, to cause the apparatus to distribute
the target accumulation parameters into a plurality of subsets
unequally according to an initial estimate of a user activity
accumulation distribution during the observation interval.
[0010] Inanembodiment, the at least one memory and the
computer program code are configured, with the at least one
processor, to cause the apparatus to: determine a distribution
of the measured accumulation of the physical activity within
atleast one previous observation interval preceding the obset-
vation interval by determining the measured accumulation of
the physical activity during each sub-interval of the at least
one previous observation interval; and distribute the target
accumulation parameters into the plurality of subsets by
using the determined distribution of the measured accumula-
tion as a distribution model. In an embodiment, the at least
one memory and the computer program code are configured,
with the at least one processor, to cause the apparatus to offset
the distribution of the target accumulation parameters of the
observation interval such that the distribution of the target
accumulation parameters of the observation interval is
advanced with respect to the measured accumulation within
the at least one previous observation interval by one sub-
interval. In an embodiment, the at least one memory and the
computer program code are configured, with the at least one
processor, to cause the apparatus to average the measured
accumulation of the physical activity over a plurality of said
previous observation intervals.

[0011] Inanembodiment, the at least one memory and the
computer program code are configured, with the at least one
processor, to cause the apparatus to: acquire an initial distri-
bution model for the target accumulation parameters; acquire
a measured accumulation value of the physical activity for
each sub-interval measured during the previous observation
interval; determine a sub-interval in which a target accumu-
lation value of the initial distribution model is the highest with
respect to the measured accumulation value of a subsequent
sub-interval and reducing the target accumulation value of the
determined sub-interval in the initial distribution model;
determine a sub-interval in which a target accumulation value
of the initial distribution model is the lowest with respect to
the measured accumulation value of a subsequent sub-inter-
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val and raising the target accumulation value of the deter-
mined sub-interval in the initial distribution model.

[0012] Inanembodiment, the at least one memory and the
computer program code are configured, with the at least one
processor, to cause the apparatus to acquire the measured the
accumulated physical activity that comprises at least one of
the following attributes of the user: heart rate, acceleration,
speed, power, and energy consumption.

[0013] Inanembodiment, the at least one memory and the
computer program code are configured, with the at least one
processor, to cause the apparatus to: acquire a plurality of
types of measured accumulation data for each sub-interval,
wherein the plurality of types of measurement data are mea-
sured with different types of sensors; combine the plurality of
types of measured accumulation data into a common format
for each sub-interval; and monitor the physical activity of the
user during each sub-interval by comparing the combined
measured accumulation data with the corresponding target
accumulation of the physical activity and by outputting a
progress indicator indicating the measured accumulation of
the physical activity with respect to the target accumulation
physical activity. Further embodiments of the invention are
defined in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Embodiments of the present invention are described
below, by way of example only, with reference to the accom-
panying drawings, in which

[0015] FIG. 1 illustrates embodiments of an activity moni-
toring apparatus;

[0016] FIG. 2 illustrates a flow diagram of a process for
monitoring accumulation of physical activity of a user of the
activity monitoring apparatus;

[0017] FIG. 3 illustrates an example of a distribution of
target accumulation parameters according to an embodiment
of the invention;

[0018] FIG. 4 illustrates a display illustrating a progress
indicator according to an embodiment of the invention;

[0019] FIG.5isaflow diagramofa process for determining
the distribution of the target accumulation parameters accord-
ing to history data according to an embodiment of the inven-
tion;

[0020] FIG. 6 illustrates an example of a distribution of
target accumulation parameters according to another embodi-
ment of the invention;

[0021] FIG.7isaflow diagramofa process for determining
the distribution of the target accumulation parameters accord-
ing to previously measured accumulation data according to an
embodiment of the invention;

[0022] FIGS. 8A, 8B, and 8C illustrate modification of an
initial distribution model according to an embodiment of the
invention;

[0023] FIG.9is a flow diagram of a process for measuring
accumulation of physical activity from different types of
measured accumulation data according to an embodiment of
the invention;

[0024] FIG. 10 is a block diagram of an apparatus accord-
ing to an embodiment of the invention; and

[0025] FIG. 11 illustrates an activity monitoring system
according to an embodiment of the invention.
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DETAILED DESCRIPTION

[0026] The following embodiments are exemplary.
Although the specification may refer to “an”, “one”, or
“some” embodiment(s) in several locations, this does not
necessarily mean that each such reference is to the same
embodiment(s), or that the feature only applies to a single
embodiment. Single features of different embodiments may
also be combined to provide other embodiments. Further-
more, words “comprising” and “including” should be under-
stood as not limiting the described embodiments to consist of
only those features that have been mentioned and such
embodiments may contain also features/structures that have
not been specifically mentioned.

[0027] Embodiments of the present invention relate to
monitoring physical activity of a user over atime interval. The
monitoring may be carried out by an activity monitoring
apparatus associated with the user. An activity monitoring
apparatus is an apparatus comprising means for monitoring
user’s physical activity.

[0028] Referring to FIG. 1, the activity monitoring appara-
tus may be a portable or wearable activity monitoring appa-
ratus such as a wrist device 12 or a chest device 10 attached to
the body of the user 11. The wrist device 12 may be a sports
watch or a wrist computer similar to Polar FA20 activity
monitor or Polar RS300 heart rate monitor. The chest device
10 may be a heart rate transmitter similar to Polar Wearlink.
The activity monitoring apparatus may include several units,
such as user interface unit and sensors which may be con-
nected to each other wirelessly. The user interface unit com-
prises a user interface components, such as a display or audio
interface.

[0029] In an embodiment, the user interface unit is a wrist
device.
[0030] In an embodiment, the user interface unit a unit

attachable to the user’s head.

[0031] Inanembodiment,the user interface unit comprises
attachment means for attaching the user interface unit to a
bicycle.

[0032] In an embodiment, the sensor is a heart activity
sensor. The heart activity sensor may be based on an ECG
detection from the user’s skin or optical blood oximetry.
[0033] In an embodiment, the sensor is a motion sensor
based on an accelerometer, a magnetometer or a gyroscope.
[0034] Letusnow describe an embodiment of the invention
for monitoring the physical activity of the user 11 with refer-
ence to a flow diagram of FIG. 2. The process of FIG. 2 may
be carried out in the above-mentioned activity monitoring
apparatus. Referring to FIG. 2, target accumulation param-
eters defining a target total amount of physical activity for a
user to accumulate within an observation interval are
acquired in block 200. The amount of physical activity may
be defined in terms of an attribute measurable during the
physical activity. Examples of the attribute and how its accu-
mulation may be determined are described below. In block
202, the target accumulation parameters are distributed into a
plurality of subsets in a time domain such that each subset is
associated with a time sub-interval and a target accumulation
value, wherein the sum of the sub-intervals equals to the
observation interval. The sum of the target accumulation sub-
values may equal to the target total amount of physical activ-
ity, or the target accumulation sub-values may be distributed
in an increasing order such that each target accumulation
sub-value is a superposition of target accumulation sub-val-
ues of previous sub-intervals plus an additional target accu-
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mulation for the current sub-interval. The former describes
density distribution of the target accumulation sub-values,
while the latter cumulative distribution of the target accumu-
lation sub-values, as will be described below. In block 204,
the physical activity of the user 11 is monitored during a
sub-interval by comparing a measured accumulation of the
physical activity with the target accumulation derived from at
least the target accumulation value of the sub-interval and by
outputting a progress indicator indicating the measured accu-
mulation of the physical activity with respect to the target
accumulation.

[0035] In an embodiment, the target total amount of physi-
cal activity is defined in the form of the measurable attribute
maintained with determined boundaries for a determined
duration within the determined time interval.

[0036] In an embodiment, the measurable attribute is an
activity measured by an acceleration sensor comprised in the
activity monitoring apparatus or in communication with the
activity monitoring apparatus. The measured acceleration
may then be mapped to an activity metric such a metabolic
equivalent of task (MET), energy consumption, etc. As a
consequence, the measurable attribute per the time interval
may be, for example, having MET above a threshold, e.g. 2.0
corresponding to walking intensity, for a determined duration
within the determined time interval. Whenever the user’s 11
activity is detected to increase above this threshold through
the measurements, the user is considered to accumulate this
type of activity for the duration the activity is above the
threshold.

[0037] In an embodiment, the measurable attribute com-
prises user’s energy expenditure. The energy expenditure
may be measured from heart activity with an ECG-type (Elec-
trocardiogram) measurement or with optical blood oximetry-
based measurement with a sensor of the activity monitoring
apparatus.

[0038] In an embodiment, the measurable attribute com-
prises accumulated time at given heart rate zone or combina-
tion of given heart rate zones. A heart rate zone is defined by
a lower heart rate limit and a upper heart rate limit between
which the measured heart rate is expected to locate in order to
contribute to the accumulated time.

[0039] In an embodiment, the measurable attribute com-
prises an accumulated time at given speed zone. The speed
may be running, walking or cycling speed. A speed zone is
defined by a lower speed limit and an upper speed limit
between which the measured speed is expected to locate in
order to contribute to the accumulated time.

[0040] In an embodiment, the measurable attribute com-
prises an accumulated time at given power zone. The power is
typically a measure characterizing the user’s output power.
The output power may be motion power or pedalling power,
for example. A power zone is defined by a lower power limit
and an upper power limit between which the measured power
is expected to locate in order to contribute to the accumulated
time. The motion power may be measured with an acceler-
ometer fixed to the user. The cycling power may be measured
with a cycling power sensor attached to the force transmission
system of a bicycle.

[0041] In an embodiment, the measurable attribute com-
prises user’s training load. The training load is a measure for
the user’s cardiovascular or mechanical load. Examples of
training load characterizations are Trimp (Training Impulse),
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EPOC (Excess Post-exercise oxygen consumption), and
Training Load by Polar Electro disclosed by US patent pub-
lication US 2011/021419.

[0042] Thetraining load may be measured from heart activ-
ity with an ECG-type (Electrocardiogram) measurement or
with optical blood oximetry-based measurement with a sen-
sor of the activity monitoring apparatus. In an embodiment,
the total target accumulation parameters are distributed in the
time domain to enable better evaluation of the progress of the
activity within the determined time interval. The observation
interval may be set sufficiently long to enable monitoring the
user’s everyday physical activity, for example. Therefore, in
an embodiment the observation interval is one day. The obser-
vation interval may thus span beyond the duration of a single
physical exercise that may last an hour or a couple of hours
but it may be shorter than a training program comprising a
plurality of exercises that span over several days or weeks.
This type of evaluation enables the activity monitoring appa-
ratus to compute the actual distribution of the user’s activity
within the determined time interval. The distribution of the
target accumulation values over the observation interval may
specify a default target for accumulating the activity, butitthe
user may in practice reach the total target accumulation with
a different distribution. As a consequence, the activity moni-
toring apparatus may use the distribution of the target accu-
mulation values only as a tool for evaluating the current
progress with respect to the total target accumulation, and the
conclusion of whether or not the total target accumulation
was reached is made after the observation interval has
elapsed.

[0043] The target accumulation parameters may be distrib-
uted uniformly in the time domain, as shown in the embodi-
ment of FIG. 3. In this embodiment, the observation interval
is one day from 0:00 to 24:00, and this time interval is divided
into one-hour sub-intervals TS. For each sub-interval, there is
assigned an equal target accumulation value (denoted by a
box in FIG. 3, e.g. box 300) which may be acquired by
dividing the total target accumulation by 24. The target accu-
mulation value is illustrated by the height of a box. For
example, if the target total activity is 2 hours, the height of the
box in this case is 2/24=5 minutes. This means that the user
shall me active at least 5 minutes during each hour in order to
meet the target,

[0044] Let us now consider the operation of the activity
monitoring apparatus when it is configured to monitor the
activity of the user during the observation interval with ref-
erence to FIGS. 3 and 4. In an embodiment, the activity
monitoring apparatus is configured to acquire measured accu-
mulation of the physical activity measured during a current
sub-interval and during all previous sub-intervals of the deter-
mined time interval, if any. Referring to FIG. 3, let us assume
that the current sub-interval is the sub-interval 300 from 8:00
to 9:00 and that the observation interval started at 0:00. As a
consequence, this step may be triggered by the expiry of the
current sub-interval 300 and it may comprise determining the
accumulation of the physical activity up to the current sub-
interval 300 including the current sub-interval 300. In another
embodiment where the activity monitoring apparatus is con-
figured to carry out the monitoring in real-time, the operation
may be continuous such that the step comprises determining
the accumulation of the physical activity up to the current
time instant within the current sub-interval. By using the
accumulated amount of the physical activity and the target
total amount of the physical activity, it is possible to compute



US 2013/0231575 Al

the ratio between the accumulated amount and the target total
amount and, thus, to express the percentage of how much of
the target total amount has already been accumulated.

[0045] The activity monitoring apparatus may also deter-
mine a progress index of the current sub-interval with respect
to the total duration of the observation interval and, thus, it is
possible to compute the ratio between the duration from the
start of the observation interval and the total duration of the
observation interval to express the percentage of how much of
the observation interval has already lapsed.

[0046] By using these two ratios or values proportional to
the ratios, the activity monitoring apparatus may compute the
progress indicator. The progress indicator may be computed
by evaluating the difference between the ratios, and the
progress indicator may be displayed to the user in a user
interface (see FIG. 4) of the activity monitoring apparatus. If
the ratio between the accumulated amount and the target total
amount of physical activity is higher than the ratio between
the duration from the start of the observation interval and the
total duration of the determined time interval, it means that
the user has performed according to the planned target distri-
bution of the physical activity or even better. As a conse-
quence, the activity monitoring apparatus may display the
progress indicator 404 such that it indicates that the user is
following the plan and is on target. The progress indicator 404
may be configured to indicate a display element 402 that
shows to the user in words, image(s) or symbol(s) that the user
is on target. On the other hand, if the ratio between the
accumulated amount and the target total amount of physical
activity is lower than the ratio between the duration from the
start of the observation interval and the total duration of the
determined time interval, it means that the user has not per-
formed according to the planned target distribution of the
physical activity and that the user has to improve his/her
activity in order to reach the target. As a consequence, the
activity monitoring apparatus may display the progress indi-
cator 404 such that it indicates that the user is has to accumu-
late more activity. The progress indicator 404 may then be
configured to indicate a display element 400 that shows to the
user in words, image(s) or symbol(s) that the user is not on
target but has to improve his/her activity accumulation. The
progress indicator 404 may be a coarse indicator, e.g. a binary
indicator indicating only two states: on the target and not on
the target. In another embodiment, the progress indicator 404
may be a sliding indicator that slides between end points of a
scale in multiple positions. The position of the indicator may
be computed from the difference between the two above-
mentioned ratios. When they are equal, the progress indicator
404 may be set in the halfway of the end points. When the user
has accumulated the entire target total amount of physical
activity, the progress indicator may be set to the end point
indicating that the user has achieved the target 402. When the
user has accumulated no physical activity, the progress indi-
cator may be set to the end point indicating that the user is on
not target 400. The positions between these points may be
mapped according to the difference between the two ratios.
The lower is the accumulated physical activity ratio with
respect to the progress of the determined time interval, the
closer the progress indicator 404 1s to the end point of element
400. Similarly, the higher is the accumulated physical activity
ratio with respect to the progress of the determined time
interval, the closer the progress indicator 404 is to the end
point of element 402.
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[0047] Obviously, the above-described functionality may
be encoded into the target accumulation values assigned to
each sub-interval. Each sub-interval may be assigned with a
cumulative value which represents the target amount of
physical activity that should have been accumulated before
the end of the sub-interval. As a consequence, the distribution
of the target accumulation values represents a cumulative
distribution function of the physical activity, wherein a target
accumulation value assigned to a given sub-interval is equal
to or higher than a target accumulation value of a previous
sub-interval and equal to or lower than a target accumulation
value of a subsequent sub-interval. For example, the target
accumulation value of the last sub-interval equals to the target
total accumulation value. This embodiment enables direct
comparison between the measured accumulation and the tar-
get accumulation and reduces computation in the activity
monitoring apparatus.

[0048] FIG. 3 illustrates a simplified example of the distri-
bution of the target accumulation parameters by using the
uniform distribution. However, as the user’s physical activity
is not uniform over the observation interval that spans over
several hours, the uniform distribution may not always pro-
vide an accurate estimate of whether or not the user is on
target with respect to the total target of accumulated physical
activity. For example, during the night the user’s activity may
be very low because of the sleep and, thus, the user may not
accumulate any activity. On the other hand, when the user
carries out an intensive exercise, the user may accumulate a
high amount of physical activity during a relatively short time
interval. As a consequence, an embodiment configures the
activity monitoring apparatus to distribute the target accumu-
lation parameters into the plurality of subsets non-uniformly
such that at least one of the sub-intervals is associated with a
higher target accumulation value than at least one other sub-
interval. In an embodiment, the distribution is determined on
the basis of user input through the user interface. The user
input may comprise an input specifying the sub-intervals
when the user sleeps and/or any other inactivity period. The
activity monitoring apparatus may then assign no target accu-
mulation value for these sub-intervals, which means that the
user is not expected to perform any activity during these
sub-intervals. The user input may comprise an input specify-
ing the sub-intervals when the user is active, e.g. exercise
periods. The activity monitoring apparatus may then assign at
least some of the target accumulation values to these sub-
intervals, which means that the user is expected to accumulate
a higher activity during these sub-intervals.

[0049] In another embodiment, the distribution is deter-
mined according to previously measured history data. The
history data may be measured during one or more previous
observation intervals. FIGS. 5 and 6 illustrate operation of
such an embodiment. Referring to FIG. 5, the activity moni-
toring apparatus may determine in block 500 a distribution of
the measured accumulation of the physical activity within at
least one previous observation interval preceding the current
observation interval. The distribution may be acquired by
determining the measured accumulation ofthe physical activ-
ity during each sub-interval of the at least one previous obset-
vation interval. From the measured accumulation of the
physical activity during the sub-intervals of the previous
observation intervals, the time distribution of the measured
accumulation is determined in block 502. This history data
shows the distribution of real accumulation of the physical
activity within the observation interval. Block 502 may com-
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prise averaging the measured accumulation values over a
plurality of observation intervals in order to improve the
accuracy. The averaging may comprise computing an average
between the measured accumulation values of the same sub-
interval of different previous observation intervals.

[0050] This distribution may serve as the distribution
model used for distributing the target accumulation param-
eters into the plurality of subsets in block 504. Block 504 may
comprise assigning the target accumulation values to the sub-
intervals such that their distribution follows this distribution
model determined in block 502. If the target total amount of
the accumulated physical activity differs between the previ-
ous observationintervals and the present observation interval,
the target accumulation values assigned to the sub-intervals
may be scaled such that the distribution model remains essen-
tially similar.

[0051] When the procedure is carried out for the first time
and there is no measured history data available, the uniform
distribution model may be used as an initial distribution
model and/or user input may be used to modify the initial
distribution model. Referring to FIG. 6 of an example of the
distribution model determined in block 502, if the measured
physical activity of the user shows that the user has accumu-
lated no activity during the night, no target accumulation is
assigned to these sub-intervals in block 504. Instead, a higher
target accumulation value may be assigned to active periods,
e.g. an active period in the morning starting from 6:00 until
10:00, another active period around the noon, and a high
activity period in the early evening. The actual target accu-
mulation values for each sub-interval may be derived from the
distribution model.

[0052] Inanembodiment, the process of FIG. 5 comprises
as a sub-routine in block 502 offsetting the distribution model
of the target accumulation parameters by one interval with
respect to the measured distribution. In particular, the distri-
bution model may be advanced with respect to the measured
distribution model by one sub-interval. The reason is the
inherent order of setting the target before achieving the target.
As a consequence, the accuracy of the progress estimation is
improved.

[0053] Another embodiment for using the history data to
modify the distribution model is now described with refer-
ence to FIGS. 7 and 8. In this embodiment, the distribution
model evolves between observation intervals such that the
distribution model is modified towards the previously mea-
sured distribution model. Referring to FIG. 7, an initial dis-
tribution model for the target accumulation parameters is
acquired in block 700. The initial distribution model may be
the distribution model used in the previous observation inter-
val, or it may be derived in another manner, e.g. based on the
user input. In block 700, the measured distribution model
measured in connection with the previous observation inter-
val is also acquired. The measured distribution model may
comprise a measured accumulation value of the physical
activity for each sub-interval measured during the previous
observation interval.

[0054] In block 702, a sub-interval in which a target accu-
mulation value of the initial distribution model is the highest
with respect to the measured accumulation value of a subse-
quent sub-interval is determined. Then, the target accumula-
tion value of the determined sub-interval is reduced in the
initial distribution model. In block 704, a sub-interval in
which a target accumulation value of the initial distribution
model is the lowest with respect to the measured accumula-
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tion value of a subsequent sub-interval is determined. Then,
the target accumulation value of the determined sub-interval
is raised in the initial distribution model. As a result, a modi-
fied distribution model is achieved, wherein the modifications
result in a distribution model that better matches with the
measurements than the initial distribution model. This modi-
fied distribution model may then be used in block 202. The
procedure of FIG. 7 may thus be seen as an embodiment of
block 202. Note that the embodiment of FIG. 7 also imple-
ments the feature where the target accumulation values are
advanced by one sub-interval with respect to the measured
accumulation values. This feature is realized in the compari-
son inblocks 702 and 704 where the comparison is carried out
between a target accumulation value of sub-interval X and a
measured accumulation value of sub-interval X+1.

[0055] FIGS. 8A, 8B, and 8C illustrate the operation of the
embodiment of

[0056] FIG. 7. FIG. 8A illustrates the initial distribution
model, and FIG. 8 B illustrates a previously measured distri-
bution model.

[0057] Let us assume that each box corresponds to S min-
utes of activity. In FIG. 8A, the initial distribution includes
three sub-intervals: one between 6 and 8 AM with 6x5=30
minutes of activity; one between 11 AM and 1 PM with
4%5=20 minutes of activity; and one between 4 PM and 9 PM
with 14x5=1 hour 10 minutes of activity. Each of three sub-
period includes variety in internal activity distribution.
[0058] Inblock 702 in which the activity monitoring appa-
ratus determines the sub-interval where the target accumula-
tion value is the highest with respect to the measured accu-
mulation value of the subsequent sub-interval, the activity
monitoring apparatus detects that the sub-interval is between
18:00 and 19:00 of the initial distribution model (four block
of difference). On the other hand, in block 704 the activity
monitoring apparatus detects that the sub-interval where the
target accumulation value is the lowest with respect to the
measured accumulation value of the subsequent sub-interval
is the sub-interval between 15:00 and 16:00 of the initial
distribution model. As a consequence, the target accumula-
tion value is reduced in the sub-interval 18:00 to 19:00
(shown by dot-lined block in the sub-interval), and the target
accumulation value is increased in the sub-interval 15:00 to
16:00 (shown by dash-lined block in the sub-interval). The
value defining how much the target accumulation value is
increased/decreased may be determined according to the
design of the activity monitoring apparatus. In an embodi-
ment, the value is proportional to the number of sub-intervals,
and the value may be derived by dividing the target total
accumulation value by the number of sub-intervals. For
example, if the number of sub-intervals is 24 as in the illus-
trated examples, the value may be derived by dividing the
target total accumulation value by 24.

[0059] Depending on how much the activity monitoring
apparatus is configured to modify the initial distribution
model, the activity monitoring apparatus may reiterate blocks
702 and 704 for a determined number of times by using the
modified distribution model as the initial distribution model
in a subsequent iteration. F1G. 8C shows the result after two
iterations, wherein a block representing the target accumula-
tion is transferred from sub-interval 19:00 to 20:00 to sub-
interval 14:00 to 15:00. The number of iterations may be
determined to be sufficiently high to enable fast adaptation
but sufficiently low that a single observation interval having
significantly different distribution does not cause the activity
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monitoring apparatus to provide suboptimal progress estima-
tion during a subsequent observation interval. In an embodi-
ment, the number of iterations is two, as shown in FIG. 8C.
Above, there has been described a number of examples of
how to accumulate activity, and the embodiments described
above have been described in the context where there activity
monitoring apparatus defines a single target total accumula-
tion value and a single target accumulation value for each
sub-interval.

[0060] Inanembodiment, the measured accumulation that
is compared with the target accumulation is acquired from
single type of measurements, e.g. heart rate measurements. In
another embodiment, the measured accumulation is acquired
through a plurality of types of measurements, e.g. heart rate
measurements and acceleration measurements. The different
types of measurements may be associated with different types
of activities. FIG. 9 illustrates a process for such an embodi-
ment. Referring to FIG. 9, the measured accumulation data of
a first activity type is acquired in block 900, while the mea-
sured accumulation data of a second activity type is acquired
in block 900. The measurement data of block 900 may be
heart rate data acquired from a heart rate monitor attached to
the user’s body, while the measurement data of block 900
may be heart rate data acquired from an acceleration sensor
attached to the user’s body. Because the measured accumu-
lation data of blocks 900 and 902 is of different types, the
activity monitoring apparatus may be configured to combine
the measured accumulation data in order to make them com-
parable. The combining is carried out in block 904. The
combining may comprise converting at least one of the two
types of measured accumulation data into a format which is
common to both types of measured accumulation data. The
format may be energy consumption, for example. All types of
measured activity accumulation data including the above-
mentioned examples of accumulation data may be converted
into a format of energy consumption according to state-of-
the-art conversion techniques. The target total accumulation
value may also be in the same format to enable the compari-
son between the combined measured accumulation data and
the target total accumulation data. The comparison is made in
block 906, and the comparison may comprise at least some of
the steps described above in connection with block 204.

[0061] In another embodiment, a unique target total accu-
mulation value is assigned to each of the plurality of types of
measurement data, and the target accumulation parameters
comprise at least a first and a second target total accumulation
value. The first and second target total accumulation value
may each be associated with a different type of activity. Then,
the first target total accumulation value and the second target
total accumulation value may be divided into the plurality of
subsets in a time domain separately such that each subset is
associated with a time sub-interval, a first target accumulation
value, and a second target accumulation value. Then, the
physical activity of the user may be monitored during each
sub-interval by comparing measured accumulation of each
type of physical activity with the corresponding target accu-
mulation value, and by deriving a separate progress indicator
value for each type of activity. These progress indicators may
then be combined to obtain the comparison results, and by
outputting a total progress indicator indicating the measured
total accumulation of the physical activity with respect to the
target accumulation parameters. It should be appreciated that
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there are other, equivalent procedures for taking a plurality of
activity types into account according to the principles of these
embodiments.

[0062] FIG. 10 illustrates a block diagram of an apparatus
according to an embodiment of the invention. The apparatus
may be the activity monitoring apparatus or it may be com-
prised in the activity monitoring apparatus. As mentioned
above, the activity monitoring apparatus may be a portable or
wearable device attachable to the user’s body. The activity
monitoring apparatus may comprise at least one sensor con-
figured to measure the accumulation data, as described above,
or the activity monitoring apparatus may be configured to
establish a communication link with said at least one sensor
when the at least one sensor is disposed in a different appa-
ratus, e.g. in a different casing.

[0063] Referring to FIG. 10, the apparatus comprises at
least one processor 100 and at least one memory 120 includ-
ing a computer program code 128, wherein the at least one
memory 120 and the computer program code 128 are config-
ured, with the at least one processor 100, to cause the appa-
ratus to carry out any one of the above-described embodi-
ments. The memory 120 may further store any measured
history data 122 comprising accumulation data measured
during previous observation interval(s), at least one distribu-
tion model 124 for distributing the target accumulation
parameters, e.g. a previously used distribution model or an
initial distribution model, and the target accumulation param-
eters 126.

[0064] The processor 100 may comprise a target setting
circuitry 106 configured to retrieve from the memory the
distribution model 124 and the target accumulation param-
eters 126 and to distribute the target accumulation values into
the sub-intervals according to the distribution determined in
the above-described manner. The target setting circuitry 106
may then indicate the completion of the preparations for
monitoring the physical activity of the user, and it may output
the target value distribution to a performance evaluation cir-
cuitry 108. The performance evaluation circuitry 108 may
acquire measurement data from the sensor(s) or from the
memory 120 and convert the measurement data into the mea-
sured accumulation data. Let us note that the data acquired
from the sensor(s) may be raw data representing the heart rate,
acceleration, speed, power, energy consumption, etc. and the
raw data may need to be processed into the measured accu-
mulation data. The processing may be carried out by deter-
mining the boundaries for the accumulation data, e.g. the
heart rate limits or acceleration limits that cause the accumu-
lation of the measurement data. The performance evaluation
circuitry 108 may comprise or be in communication with a
timer in order to determine the duration in which the mea-
surement data was in the predefined limits so as to determine
the measured accumulation duration. The performance evalu-
ation circuitry 108 may further carry out the comparison
between the measured accumulation data and the target accu-
mulation associated with the current sub-interval and derive
the progress indicator. The performance evaluation circuitry
108 may then output the progress indicator to the user inter-
face 102 configured to map the received progress indicator
into an appropriate display element. The performance evalu-
ation circuitry 108 may further store the measured accumu-
lation data in the memory 120 as new history data 122.
[0065] In summary, the apparatus may comprise at least
one processor 100; and at least one memory 120 including
program instructions, wherein the at least one memory 120
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and the computer program code are configured, with the at
least one processor 100, to cause the apparatus to carry out
any one of the embodiments of the activity monitor apparatus.
[0066] As used in this application, the term ‘circuitry’
refers to all of the following: (a) hardware-only circuit imple-
mentations such as implementations in only analog and/or
digital circuitry; (b) combinations of circuits and software
and/or firmware, such as (as applicable): (i) a combination of
processor(s) or processor cores; or (ii) portions of processor
(s)/software including digital signal processor(s), software,
and at least one memory that work together to cause an
apparatus to perform specific functions; and (c) circuits, such
as a microprocessor(s) or a portion of a microprocessor(s),
that require software or firmware for operation, even if the
software or firmware is not physically present.

[0067] This definition of ‘circuitry” applies to all uses of
this term in this application. As a further example, as used in
this application, the term “circuitry” would also cover an
implementation of merely a processor (or multiple proces-
sors) or portion of a processor, e.g. one core of a multi-core
processor, and its (or their) accompanying software and/or
firmware. The term “circuitry” would also cover, for example
and if applicable to the particular element, a baseband inte-
grated circuit, an application-specific integrated circuit
(ASIC), and/or a field-programmable grid array (FPGA) cir-
cuit for the apparatus according to an embodiment of the
invention.

[0068] The processes or methods described in FIGS. 4to0 8
may also be carried out in the form of a computer process
defined by a computer program. The computer program may
be in source code form, object code form, or in some inter-
mediate form, and it may be stored in some sort of carrier,
which may be any entity or device capable of carrying the
program. Such carriers include transitory and/or non-transi-
tory computer media, e.g. a record medium, computer
memory, read-only memory, electrical carrier signal, tele-
communications signal, and software distribution package.
Depending on the processing power needed, the computer
program may be executed in a single electronic digital pro-
cessing unit or it may be distributed amongst a number of
processing units.

[0069] FIG. 11 illustrates yet another embodiment of an
activity monitoring system. Referring to FIG. 11, the system
comprises an activity measurement device 1100 and a user
interface device 1102. One or both of the devices 1100, 1102
may operate as the activity monitoring apparatus described
above, and they may be provided in separate casings with no
fixed mechanical contact between the devices 1100, 1102.
The activity measurement device 1100 may measure the
user’s activity with a motion sensor comprised in the device
1100, and it may send the measured activity measurement
data to the user interface device 1102. The activity measure-
ment data may be raw data from which the user interface
device 1102 may compute the activity and the accumulation
of the physical activity. The activity measurement device
1100 may be a strap attachable to the user’s wrist, for
example, and comprising at least one motion sensor and a
communication circuitry to communicate with the user inter-
face device 1102. The activity measurement device 110 may
comprise a display. The display may be a simplified display
consisting of a series of led (light emitting diode) indicators.
As aconsequence, the activity measurement device 1100 may
be withouta complex display element such as a liquid crystal
display. In an embodiment where the activity measurement
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device 1100 operates as the activity monitoring device, the
activity measurement device may switch led indicators on or
off in proportion to how well the accumulated physical activ-
ity compares with the target accumulation of the physical
activity. For example, at least one led indicator having a first
colour may be lit when measured accumulation of the physi-
cal activity matches with or exceeds the target accumulation.
On the contrary, at least one led indicator having a second
colour, different from the first colour, may be lit when mea-
sured accumulation of the physical activity is below the target
accumulation, and/or at least one led indicator of the first
colour may be shut down.

[0070] As described above, the activity measurement
device 1100 may transmit the activity measurement data to
the user interface device 1102. The transmission may be
carried out in a continuous manner during the physical activ-
ity and during an observation interval, e.g. in real time, or the
activity measurement data measured over a longer interval,
e.g. over one or more observation intervals or sub-intervals,
may be transmitted in a bundle. In the previous case, the user
interface device 1102 may operate as the activity monitoring
device during the observation intervals and monitor the accu-
mulated activity with respect to the target accumulation in
real time during the observation intervals. The user interface
device may display the progress indicator illustrated in FIG.
4, for example. In the embodiment where the measurement
device 1100 provides the activity measurement data after the
observation interval, the monitoring of the activity accumu-
lated during the observation interval may be carried out after
the observation interval. Similar progress indicator may still
be used to indicate the accumulated activity versus the target
accumulation.

[0071] The user interface device 1102 may be a computer
or a portable computer such as a personal computer (PC), a
laptop computer, a personal digital assistant (PDA), a palm
computer, a mobile phone or a smart phone, or a tablet com-
puter, for example. The user interface device 1102 may com-
prise a more complex display than that of the activity mea-
surement device 1100.

[0072] The more complex display may comprise a liquid
crystal display (LCD), e.g. an active matrix display, a passive
matrix display, or an AMOLED (active matrix organic LED)
display. The user interface device 1102 may receive the raw
activity measurement data from the activity measurement
device 1100 and compute various statistics from the received
raw data. The user interface device 1102 may compute, for
example, measured activity accumulation distribution with
respect to the target accumulation and display it to the user
according to the embodiments described above. The user
interface device 1102 may compute other statistics, e.g. activ-
ity history data spanning further into the past than the obser-
vation interval of the activity accumulation. The activity his-
tory data may represent long-term activity accumulation and/
or distribution in time.

[0073] Inan embodiment, the activity measurement device
1100 measures the activity measurement data, transmits it to
the user interface device 1102, the user interface device 1102
computes the activity accumulation and compares it with the
target accumulation in the above-described manner, and
transmits a control signal to the activity measurement device
1100 on the basis of the comparison. The contents of the
control signal may be determined according to how the mea-
sured activity accumulation measures with the target accu-
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mulation, and the control signal may control the user interface
of the activity measurement device 1100 to illustrate the
result of the comparison.

[0074] The control signal instructs the activity measure-
ment device 1100 to light or shut down at least some of the led
indicators of the activity measurement device according to
the result of the comparison. As a consequence, the user
interface of the activity measurement device 1100 may serve
as a simplified display to display the results of the compari-
son, e.g. through the led indicators, and the display of the user
interface device 1102 may be used to illustrate the measured
activity in a more complex manner through the LCD display,
e.g. with the progress indicator of FIG. 4.

[0075] An aspect providesa method comprising: acquiring,
in an activity monitoring apparatus, target accumulation
parameters defining a target total amount of physical activity
for a user to accumulate within an observation interval,
wherein the amount of physical activity is defined in terms of
an attribute measurable during the physical activity; distrib-
uting, in the activity monitoring apparatus, the target accu-
mulation parameters into a plurality of subsets in a time
domain such that each subset is associated with a time sub-
interval and a target accumulation value, wherein the sum of
the sub-intervals equals to the observation interval: and moni-
toring, in the activity monitoring apparatus, the physical
activity of the user during a sub-interval by comparing a
measured accumulation of the physical activity with the tar-
get accumulation derived from at least the target accumula-
tion value of the sub-interval and by outputting a progress
indicator indicating the measured accumulation of the physi-
cal activity with respect to the target accumulation.

[0076] In an embodiment, the target accumulation values
represent a cumulative distribution function of the total
amount of physical activity, and the monitoring comprises:
acquiring measured accumulation of the physical activity
measured during said sub-interval and during all previous
sub-intervals of the observation interval, if any; and comput-
ing the progress indicator by comparing the difference
between the acquired measured accumulation of the physical
activity and the target accumulation value of the current sub-
interval. In an embodiment, the method further comprises
distributing the target accumulation parameters into the plu-
rality of subsets unequally such that at least one of the sub-
intervals is associated with higher target accumulation of
physical activity than at least one other sub-interval. The
target accumulation parameters may be distributed into a
plurality of subsets unequally according to an initial estimate
of a user activity accumulation distribution during the obser-
vation interval.

[0077] In an embodiment, the method further comprises:
determining a distribution of the measured accumulation of
the physical activity within at least one previous observation
interval preceding the observation interval by determining the
measured accumulation of the physical activity during each
sub-interval of the at least one previous observation interval,
distributing the target accumulation parameters into the plu-
rality of subsets by using the determined distribution of the
measured accumulation as a distribution model. The distri-
bution of the target accumulation parameters of the observa-
tion interval may be offset such that the distribution of the
target accumulation parameters of the observation interval is
advanced with respect to the measured accumulation within
the at least one previous observation interval by one sub-
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interval. The measured accumulation of the physical activity
may be averaged over a plurality of said previous observation
intervals.
[0078] In an embodiment, the distribution comprises:
acquiring an initial distribution model for the target accumu-
lation parameters; acquiring a measured accumulation value
of the physical activity for each sub-interval measured during
the previous observation interval; determining a sub-interval
in which a target accumulation value of the initial distribution
model is the highest with respect to the measured accumula-
tion value of a subsequent sub-interval and reducing the target
accumulation value of the determined sub-interval in the ini-
tial distribution model; determining a sub-interval in which a
target accumulation value of the initial distribution model is
the lowest with respect to the measured accumulation value of
a subsequent sub-interval and raising the target accumulation
value of the determined sub-interval in the initial distribution
model.
[0079] 1Inan embodiment, the accumulated physical activ-
ity is measured by measuring at least one of the following
attributes of the user: heart rate, acceleration, speed, power,
and energy consumption.
[0080] In an embodiment, the method further comprises:
acquiring a plurality of types of measured accumulation data
for each sub-interval, wherein the plurality of types of mea-
surement data are measured with different types of sensors;
combining the plurality of types of measured accumulation
data into a common format for each sub-interval; and moni-
toring the physical activity of the user during each sub-inter-
val by comparing the combined measured accumulation data
with the corresponding target accumulation of the physical
activity and by outputting a progress indicator indicating the
measured accumulation of the physical activity with respect
to the target accumulation physical activity.
[0081] Itwill be obvious to a person skilled in the art that,
as technology advances, the inventive concept can be imple-
mented in various ways. The invention and its embodiments
are not limited to the examples described above but may vary
within the scope of the claims.
What is claimed is:
1. An apparatus comprising:
at least one processor; and
at least one memory including computer program code,
wherein the at least one memory and the computer pro-
gram code are configured, with the at least one proces-
sor, to cause the apparatus to perform operations com-
prising:
acquiring target accumulation parameters defining a target
total amount of physical activity for a user to accumulate
within an observation interval, wherein the amount of
physical activity is defined in terms of an attribute mea-
surable during the physical activity;
distributing the target accumulation parameters into a plu-
rality of subsets in a time domain such that each subset is
associated with a time sub-interval and a target accumu-
lation value, wherein the sum of the sub-intervals equals
to the observation interval; and
monitoring the physical activity of the user during a sub-
interval by comparing a measured accumulation of the
physical activity with the target accumulation derived
from at least the target accumulation value of the sub-
interval and by outputting a progress indicator indicat-
ing the measured accumulation of the physical activity
with respect to the target accumulation.
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2. The apparatus of claim 1, wherein the target accumula-
tion values represent a cumulative distribution function of the
total amount of physical activity, and the at least one memory
and the computer program code are configured, with the at
least one processor, to cause the apparatus to perform opera-
tions comprising:
acquire measured accumulation of the physical activity
measured during said sub-interval and during all previ-
ous sub-intervals of the observation interval, if any; and

computing the progress indicator by comparing the differ-
ence between the acquired measured accumulation of
the physical activity and the target accumulation value
of the current sub-interval.

3. The apparatus of claim 1, wherein the at least one
memory and the computer program code are configured, with
the at least one processor, to cause the apparatus to perform
operations comprising distributing distribute the target accu-
mulation parameters into the plurality of subsets unequally
such that at least one of the sub-intervals is associated with
higher target accumulation of physical activity than at least
one other sub-interval. In an embodiment, the at least one
memory and the computer red, with the at least one processor,
to cause the apparatus to distribute the target accumulation
parameters into a plurality of subsets unequally according to
an initial estimate of a user activity accumulation distribution
during the observation interval.

4. The apparatus of claim 1, wherein the at least one
memory and the computer program code are configured, with
the at least one processor, to cause the apparatus to perform
operations comprising:

determining a distribution of the measured accumulation

of the physical activity within at least one previous
observation interval preceding the observation interval
by determining the measured accumulation of the physi-
cal activity during each sub-interval of the at least one
previous observation interval; and

distributing the target accumulation parameters into the

plurality of subsets by using the determined distribution
of the measured accumulation as a distribution model.

5. The apparatus of claim 4, wherein the at least one
memory and the computer program code are configured, with
the at least one processor, to cause the apparatus to perform
operations comprising offset the distribution of the target
accumulation parameters of the observation interval such that
the distribution of the target accumulation parameters of the
observation interval is advanced with respect to the measured
accumulation within the at least one previous observation
interval by one sub-interval.

6. The apparatus of claim 4, wherein the at least one
memory and the computer program code are configured, with
the at least one processor, to cause the apparatus to perform
operations comprising averaging average the measured accu-
mulation of the physical activity over a plurality of said pre-
vious observation intervals.

7. The apparatus of claim 1, wherein the at least one
memory and the computer program code are configured, with
the at least one processor, to cause the apparatus to perform
operations comprising:

acquiring an initial distribution model for the target accu-

mulation parameters;

acquiring a measured accumulation value of the physical

activity for each sub-interval measured during the pre-
vious observation interval;
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determining a sub-interval in which a target accumulation
value of the initial distribution model is the highest with
respect to the measured accumulation value of a subse-
quent sub-interval and reducing the target accumulation
value of the determined sub-interval in the initial distri-
bution model; and

determining a sub-interval in which a target accumulation

value of the initial distribution model is the lowest with
respect to the measured accumulation value of a subse-
quent sub-interval and raising the target accumulation
value of the determined sub-interval in the initial distri-
bution model.

8. The apparatus of claim 1, wherein the at least one
memory and the computer program code are configured, with
the at least one processor, to cause the apparatus to perform
operations comprising acquiring the measured the accumu-
lated physical activity that comprises at least one of the fol-
lowing attributes of the user: heart rate, acceleration, speed,
power, and energy consumption.

9. The apparatus of claim 1, wherein the at least one
memory and the computer program code are configured, with
the at least one processor, to cause the apparatus to perform
operations comprising:

acquiring a plurality of types of measured accumulation

data for each sub-interval, wherein the plurality of types
of measurement data are measured with different types
of sensors;
combining the plurality of types of measured accumulation
data into a common format for each sub-interval; and

monitoring the physical activity of the user during each
sub-interval by comparing the combined measured
accumulation data with the corresponding target accu-
mulation of the physical activity and by outputting a
progress indicator indicating the measured accumula-
tion of the physical activity with respect to the target
accumulation physical activity.

10. The apparatus of claim 1, wherein the apparatus com-
prises a motion sensor arranged to measure the physical activ-
ity.

11. The apparatus of claim 10, wherein the at least one
memory and the computer program code are configured, with
the at least one processor, to cause the apparatus to perform
operations comprising communicating at least the measured
accumulation of the physical activity to another apparatus.

12. The apparatus of claim 1, wherein the at least one
memory and the computer program code are configured, with
the at least one processor, to cause the apparatus to perform
operations comprising receiving activity measurement data
from another apparatus during the monitored sub-interval.

13. The apparatus of claim 1, wherein the at least one
memory and the computer program code are configured, with
the at least one processor, to cause the apparatus to perform
operations comprising receiving activity measurement data
from another apparatus after the monitored sub-interval and
performing said monitoring upon receiving the activity mea-
surement data.

14. A computer program product embodied on a non-tran-
sitory computer-readable distribution medium arranged,
when read by a computer, to cause execution of a computer
process comprising:

acquiring target accumulation parameters defining a target

total amount of physical activity for a user to accumulate
within an observation interval, wherein the amount of
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physical activity is defined in terms of an attribute mea-
surable during the physical activity;

distributing the target accumulation parameters into a plu-

rality of subsets in a time domain such that each subset is
associated with a time sub-interval and a target accumu-
lation value, wherein the sum of the sub-intervals equals
to the observation interval; and

monitoring the physical activity of the user during a sub-

interval by comparing a measured accumulation of the
physical activity with the target accumulation derived
from at least the target accumulation value of the sub-
interval and by outputting a progress indicator indicat-
ing the measured accumulation of the physical activity
with respect to the target accumulation.

15. The apparatus of claim 1, wherein the at least one
memory and the computer program code are configured, with
the at least one processor, to cause the apparatus to perform
operations comprising distributing the target accumulation
parameters into a plurality of subsets unequally according to
an initial estimate of a user activity accumulation distribution
during the observation interval.
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