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WEARABLE ACTIVITY MONITORING
DEVICE AND RELATED METHOD

FIELD OF THE INVENTION

[0001] The invention relates to wearable electronic
devices for monitoring physical activities of a person. The
invention also concerns related methods and computer pro-
gram products.

BACKGROUND OF THE INVENTION

[0002] Wearable activity monitoring devices, so-called
“activity trackers” are intended to determine overall activity
of a person during his/her daily duties and have become
popular lately. There are devices utilizing heart rate mea-
surement, acceleration measurement and satellite position-
ing systems. Some devices utilize only internal sensors,
some receive data from external modules, such as foot pods,
heart rate sensors or positioning pods. There are devices that
are provided in the form of modules attachable to a chest
band or other piece of garment or body part. One class of
devices is provided in the form of wristbands (so-called
“activity bracelets)” with integral accelerometer for mea-
surement of movements of the users wrist during his or her
daily activities and determination of an activity index, which
is presented to the user. The activity tracking can also be
implemented as a function in a multifunction digital wrist
watch, wristop computer or other mobile device, such as a
mobile phone.

[0003] In particular for people aiming at serious activity
tracking for the purposes of fitness monitoring or body
weight control, the activity indices given by the existing
devices, in particular those based on acceleration only, are
often too inaccurate or inconsistent between different usage
periods. There is a particular difficulty in determining activ-
ity using acceleration sensors located on the wrist of the
user, because wrist movement can relate either to ordinary
lightweight daily tasks or hard-intensity training, or any-
thing between these extremes. Therefore, as concerns the
real physiological effect of the activities done, either too
little or too much activity may be registered.

[0004] For obtaining a better estimate of real activity, one
can try to detect which kind of exercise the user is carrying
out. U.S. Pat. No. 7,328,612 discloses a method and appa-
ratus for detecting types of exercise from an acceleration
signal using at least two different characteristics computed
from the acceleration signal and comparison tables for the
characteristics stored in the memory of the apparatus. The
method is particularly designed for acceleration signal mea-
sured at a lower limb of a person and is not expected to
provide equally reliable results for wrist-based measure-
ments, because wrist movement is only loosely related to
feet movements. U.S. Pat. No. 5,989,200 disclose a method
which computes and utilizes an average of peak accelera-
tions caused by steps.

[0005] Measuring and computing a heart rate value is in
most cases done continuously, and the measured heart rate
data especially when put in context of the activity executed,
vields much useful information for analyzing the perfor-
mance and the abilities of the user of such a device.
However, continuous measuring, signaling and computing
represents both a technical and a user-experience-related
problem of the presently available activity trackers, which
the short battery life. This is particularly a problem with
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optical sensors collecting physiological data, such as the
heart rate, from the human body. Thus, there is a need for
improved activity tracking devices and methods.

SUMMARY OF THE INVENTION

[0006] It is an aim of the invention to provide a novel
activity monitoring device overcoming at least some of the
abovementioned problems and in particular being capable of
giving augmented and physiologically more accurate activ-
ity estimates, while providing a considerable longer battery
life than usually is the case. A further aim is to provide a
corresponding activity monitoring method and software
product.

[0007] According to a first aspect, the invention provides
a device for monitoring physical activity of a person, com-
prising at least one first sensor for measuring acceleration
data relating to movements of said person,

[0008] at least one second sensor for measuring heart
rate data corresponding to the heart beat rate of said
person,

[0009] a data processing unit comprising at least one
processing core, at least one memory unit including
computer program code, the at least one memory unit
and the computer program code being configured to,
with the at least one processing core, cause the appa-
ratus to operate in a first mode when data is read from
said first and second sensors and in a second mode
when data is not read from at least one of said first and
second sensors, and where the processing unit in said
first operating mode:

[0010] cumulatively computes and updates a heart
rate offset value based on at least one of the follow-
ing data: a predetermined pulse of the person a rest,
a predetermined fitness level of the person, a current
recovery pulse of the person, and/or the cumulated
acceleration data during the current activity,

[0011] computes a current activity gain value based
on acceleration data and heart beat rate data, and
wherein

[0012] said data processing unit being further config-
ured to compute an estimate of the heart beat rate based
on said offset value and said gain value during said
second operating mode.

[0013] According to one embodiment, the device com-
prises at least first and second sensors and a memory unit as
described above, and the data processing unit is configured
to calculate the heart beat rate offset value as a parameter
corresponding to a recovery time of the user, said recovery
time being computed as a function of the duration of the
current activity, a predetermined or estimated heart beat rate
or pulse value characteristic of the user at rest, and the
current heart rate.

[0014] According to a third embodiment, the device com-
prises at least first and second sensors as described above
and the data processing unit is configured to calculate the
current gain value as a parameter corresponding to the ratio
of the differences between said heart beat rate data and said
acceleration data.

[0015] According to further embodiments, the data pro-
cessing unit in configured to display the current estimated
heart beat rate value based on said offset value and said gain
value during said second operating mode on a user-readable
a display unit of said device.
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[0016] Alternatively or in addition, the processing unit
may be configured to store in said at least one memory unit
the estimated heart beat rate values based on said offset
value and said gain value during said second operating
mode. With the use of a memory in connection with a
display, it is possible to graphically show how the heart rate
values are developing over time, for example.

[0017] According to further embodiments the data pro-
cessing unit in configured to switch between said first and
second operating modes with predefined intervals. For
example, the processing unit may be operating in said
second operating mode at least 5 times longer than in said
first operating mode, in one embodiment the duration of the
first operating mode is one minute and the duration of the
second operating mode is 9 minutes. In this way, consider-
able less battery power is needed to compute and display
reliable heart rate values, compared to measuring and dis-
playing them constantly.

[0018] According to further embodiments of the inven-
tion, the data processing unit in configured to

[0019] detect periodic motions from measured accelera-
tion data,

[0020] determine frequency of the periodic motions,

[0021] determine whether the frequency of the periodic

motions is at a predefined frequency range, and to
[0022] compute a new current activity gain value using
said frequency of periodic motions if the frequency of
the periodic motions is at said predefined frequency
range.
[0023] For example, in this way only activities related to
the execution of a certain sport may be recorded, while
intermittent pauses or other diverse activities are filtered out.
[0024] The data processing unit may further comprise
means for determining determine an average acceleration
value from acceleration data measured during said first
operating mode, to determine whether said average accel-
eration is within a predefined acceleration range, and to
compute a new current activity gain value using said average
acceleration if the average acceleration is within said pre-
defined acceleration range. In certain embodiments, at least
first and second average acceleration values are determined
from acceleration data measured during at least two time
periods during said first operating mode, Then at least first
and second average heart beat rate values are determined
from heart rate beat data measured during at least two time
periods during said first operating mode, Finally, a new
current activity gain value is computed, based on the ratio
between the differences (AHR/Aacc) of said at least two
average heart beat rate and acceleration values.
[0025] Further embodiments of the inventive device
includes that the processing unit is configured to computing
estimates of said offset value and said gain value during said
second operating mode by linear extrapolation of earlier
measured values during the first operating mode, and to use
at least one of the following parameters stored in said
memory unit for computing and updating said offset value:
age of the person, sex of the person, mass of the person,
fitness index of the person, maximum oxygen intake value
(VO,,,,,) of the person.
[0026] The inventive device may have means for mount-
ing the device on the wrist of the person, and/or it may be
a wearable computer comprising means for wireless recep-
tion of data from the at least one first and second sensors.
The second sensor may comprise an optical heart rate sensor.
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[0027] As a second aspect of the invention, an inventive
method is provided for monitoring physical activity of a
person by operating a monitoring device in a first operating
mode and in a second operating mode. The method com-
prises the steps of:

[0028] measuring in said first operating mode accelera-
tion data relating to movements of said person with a
first sensor into a processing unit,

[0029] measuring in said first operating mode heart rate
data corresponding to the heart beat rate of said person
with a second sensor into said processing unit,

[0030] computing and updating a cumulative heart rate
offset value based on at least one of the following data:
a predetermined pulse of the person a rest, a predeter-
mined fitness level of the person, a current recovery
pulse of the person, and/or the cumulated acceleration
data during the current activity,

[0031] computing a current activity gain value based on
acceleration data and heart beat rate data, and

[0032] computing an estimate of the heart beat rate
based on said offset value and said gain value during
said second operating mode.

[0033] According to some embodiments, the second sen-
sor measuring the heart rate comprises an optical heart rate
sensor. If a heart rate signal from said optical sensor is
unavailable, the monitoring device may then be maintained
in the second operating mode longer than the predefined
interval.

[0034] A third aspect of the invention includes a computer
program product for monitoring physical activity ofa person
stored on a computer readable non-transitory storage
medium in a monitoring device, said product comprising a
computer readable program code causing said monitoring
device to operate in a first operating mode and in a second
operating mode, wherein:

[0035] in said first operating mode acceleration data
relating to movements of said person is measured with
a first sensor into a processing unit,

[0036] in said first operating mode heart rate data cor-
responding to the heart beat rate of said person is
measured with a second sensor into said processing
unit,

[0037] a cumulative heart rate offset value is computed
and updated based on at least one of the following data:
a predetermined pulse of the person a rest, a predeter-
mined fitness level of the person, a current recovery
pulse of the person, and/or the cumulated acceleration
data during the current activity,

[0038] a current activity gain value is computed based
on acceleration data and heart beat rate data, and

[0039] an estimate of the heart beat rate is computed
based on said offset value and said gain value during
said second operating mode.

[0040] More specifically, the invention is characterized by
what is stated in the independent claims.

[0041] The invention provides considerable advantages.
The invention provides an efficient activity monitoring
device that can operate “in the background”, without the
need of the user to specifically switch to a training mode.
The present device may concentrate on detecting and record-
ing all activities which are most common everyday exercises
that are beneficial for individuals. They typically form a
major portion of physical performances of an average person
that has a positive effect on the fitness of the person, in
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addition to specific training sessions the person is doing (e.g.
gym training or team sports). E.g. walking and running can
be reliably distinguished from other activities by means of
embodiments of the invention and the physical intensity, i.e.,
load for the body, of walking and running can be reliably
determined using the acceleration data measured from wrist.
Thus, a very reliable estimate on the effect of these activities
on the metabolic system of a person is obtained.

[0042] In particular, the present device may be configured
to detect and record at least walking and running activity in
the activity monitoring mode. Walking typically forms a
majority of everyday activities that are beneficial for health
and the cumulative amount of walking in the form of the
activity index is therefore of particular interest to many
users. Running for short distances outside actual running
sessions is not uncommon and recording thereof according
to embodiments of the invention provides additional advan-
tages.

[0043] For other training sessions, the user may be given
the option to record activity in one or more separate training
modes, potentially utilizing also more than one acceleration
sensor.

[0044] In a preferred embodiment, the present device is a
multifunction digital wrist watch or wristop computer, hav-
ing the present activity monitoring implemented as one
function thereof. If desired, the monitoring may in principle
take place “24/7”, i.e. essentially all times the device is
worn, or at least during daytime.

[0045] The present device reads data from the first and
second sensors intermittently with a predefined interval in
the activity monitoring mode. This saves a considerable
amount of battery energy compared with for example the
continuous use of a wired or wireless acceleration sensor
and a heart rate sensor.

[0046] The present device is preferably a wrist-worn
device. Compared with other wearable devices and mobile
phones having acceleration and other sensing capabilities,
the present device has a power consumption advantage. It is
not desirable to run additional energy-consuming measure-
ment and computing operations in e.g. mobile phones,
whose operating times are low even without such opera-
tions. A mobile phone is also often left on a table, for
example, whereby the person’s activity is not recorded.
[0047] Compared with devices using satellite positioning
to determine overall activity, the present invention has
considerably lower energy consumption and also works
indoors.

[0048] The dependent claims are focused on selected
embodiments of the invention.

[0049] The abovementioned embodiments and those that
will be described later or claimed can be combined with each
other and with the different aspects of the invention.
[0050] The term “activity index” refers to any parameter
value which is derived from physical movements or condi-
tions of the person by means of measuring, for example,
acceleration data or heart beat rate data of the person, and
processing this data in a computing unit in accordance with
the invention. The activity index may according to the
invention be cumulative, i.e. its value being continuously
updated, or current, whereby it describes the momentaneous
amount of motoric or metabolic activity of the person. The
activity index can be reset for example automatically on a
daily basis, or in response to a user command. The activity
index can be a dimensionless quantity or one with a dimen-
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sion. In particular, it can show a relative intensity. It is also
possible to compute other parameters, such as energy con-
sumption or time needed for full recovery from preceding
physical performances (recovery time), based on the activity
index. The activity index can also itself represent energy
consumption or recovery time. Energy consumption has an
established meaning in the art, whereas the concept of
recovery time and one exemplary method for calculation
thereof is described in US 2011/263993.

[0051] “Recording activity” means updating the activity
index using a measurement and computing process in accor-
dance with the invention.

[0052] “Activity monitoring mode” is an operating mode
of the data processing unit of the device in which a certain
acceleration measurement rules and acceleration data pro-
cessing algorithms are used to record activity. The invention
focuses on the implementation of computing and updating a
cumulative heart rate offset value based at least on previ-
ously stored heart rate data and/or cumulated acceleration
data, and on computing a current activity gain value based
on current acceleration and heart rate data.

[0053] “Walking-related movements” of a person mean
body movements (in particular wrist movements when a
wrist-worn device is used) that are associated with normal
human gait at the pace of walking (which is typically less
than 6 km/h). In particular, “walking-related movements”
are movements that produce acceleration data meeting pre-
defined first criteria for magnitude and periodicity (fre-
quency and stability of the frequency over a time period).
Correspondingly, “running-related movements” mean
movements that are associated with normal gait at the pace
of running (typically 6 km/h or more). In particular, “run-
ning-related movements” are movements that produce
acceleration data meeting predefined second criteria for
magnitude and periodicity, the second criteria being differ-
ent from the first criteria. The second criteria can be applied
after application of the first criteria, thus prioritizing the
detection of walking.

[0054] Next, embodiments and advantages of the inven-
tion are described in more detail with reference to the
attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] FIG. 1 shows a schematic view of a device accord-
ing to the invention.

[0056] FIG. 2 shows an exemplary graph of intensity of a
person’s activities over time, as well as periods of automatic
and optional user-initiated activity recording using a device
according to the invention.

[0057] FIGS. 3A and 3B show flow charts of the method
according to selected embodiments of the invention.
[0058] FIG. 3C shows a flow chart of the implementation
of the invention according to one embodiment.

[0059] FIGS. 4A and 4B show a running speed vs. average
acceleration graph and acceptable average acceleration and
cadence graphs which can be used by the present device to
implement robust walking and running activity determina-
tion.

[0060] FIG. 5 shows schematically the relation between a
cumulative index (offset) and a current index (gain),
[0061] FIG. 6 shows schematically an exemplary measur-
ing scheme according to the invention,

[0062] FIG. 7 shows a device according to one embodi-
ment,
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[0063] FIG. 8 shows a relation between the training time
and the recovery time.

DETAILED DESCRIPTION OF EMBODIMENTS

[0064] FIG. 1 shows a device according to one embodi-
ment the invention. The device comprises a main unit 10 and
a wristband 11 attached to the main unit 10. The main unit
comprises a data processing unit 12 and an acceleration
sensor 14, memory unit 16 and user interface unit 18
functionally connected to the data processing unit 12. The
data processing unit 12 can comprise a microcontroller,
optionally with the memory unit 16 built therein. The data
processing unit 12 is capable of running a program code
including instructions necessary for the device to operate
according to the invention.

[0065] The acceleration sensor 14 can comprise a one-,
two- or most preferably a three-dimensional accelerometer,
which are well known in the art.

[0066] The user interface unit 18 herein comprises the
necessary means for the user to interact with the program
code of the device, e.g. switch on and off the device, to
change mode of activity monitoring mode of the device or
to input personal parameters (input means) and optionally to
visually inspect the determined activity index (output
means). The input means may comprise one or more buttons
or a touchscreen. The output means may comprise a display
of any kind. According to one embodiment, either the input
means, output means or both are implemented as a contact-
based or wireless communication means allowing the user to
interact with the device using another device, such as mobile
phone or computer, over a communication link.

[0067] FIG. 2 shows a graph illustrating the operation of
the device in an automatic activity determination mode
during an exemplary time period, including different types
of activities of a person that cause the person’s metabolic
activity to temporarily rise over a metabolic base rate.
Intensity periods 22A and 22B represent running perfor-
mances (for example running in the morning to a workplace
and in the afternoon back to home). Intensity periods 26 A-D
represent walking performances during the workday. Inten-
sity period 28 represents a non-walking and non-running
performance (such as a gym training session), preceded and
followed by short walks 26 A and 26B (to the gym and back).
Intermediate periods 24 represent everything else the person
in doing during the day (such as ordinary office work with
metabolic activity close to metabolic base rate).

[0068] As illustrated, the automatic activity determination
is designed to detect and record activity during the running
and walking periods 22A-B and 26A-D, but not during the
gym (or some other sports) period 28. If the activity during
the gym period is to be recorded, the device may be provided
with another mode of operation which the user initiates
through the interface unit of the device. This second mode
of operation (“second activity monitoring mode”, discussed
later in more detail) is typically not based on cadence
detection and determination of the intensity of activity based
on cadence, but some other algorithm better reflecting the
intensity of the particular exercise into the activity index.
[0069] There may be a common activity index for all types
of activities recorded, or two or more separate activity
indices, which are updated separately depending on the
activity monitoring mode concerned.

[0070] Explaining now in more detail a practical imple-
mentation of the automatic activity monitoring mode of the
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device, FIG. 3A shows a flow chart including main steps of
the present method according to one embodiment. Activity
monitoring in the automatic mode is started in step 31. This
may occur by turning on the device or in response to a
separate user action through the user interface. Then the
device starts measuring acceleration continuously in step 32
(measurement continues preferably in the background
although herein illustrated as a single step for simplicity).
The acceleration signal is analyzed in step 33 in the data
processing unit in order to detect cadence of the person. This
is discussed in detail below. The acceleration signal is also
used to calculate the average acceleration over a predefined
time period. Then, if cadence is detected in the first place, it
is checked in step 35 whether the cadence and average
acceleration are within predefined cadence and acceleration
ranges which are indicative of walking and/or running. In
the negative case, the steps 32-35 are repeated. In the
affirmative case, the cadence and average acceleration are
used to compute a parameter which is descriptive of the
intensity of the walking or running activity which is going
on (step 36), and the activity index value is increased
accordingly (step 37). Then, the process returns to step 32.

[0071] Cadence can be determined in the data processing
unit by investigating the periodically repeating features,
such as acceleration peaks, in the acceleration signal.
According to one embodiment, the features being repeated
are detected and their time stamps are recorded. The fre-
quency and regularity, i.e. periodicity, of the features can be
determined from the time stamps. If the frequency if too low
or too high or the features do not occur regularly enough, the
peaks do not represent cadence originating from walking or
running. Predefined criteria for the allowed frequency and
regularity ranges can be used. Regularity can be assessed for
example by calculating correlation between intervals
between successive time stamps. The correlation factor must
exceed a predefined threshold correlation factor value. Such
correlation analysis can be implemented in a wearable
device efficiently in the time domain.

[0072] In an alternative embodiment, cadence is deter-
mined in the data processing unit using Fourier analysis for
the acceleration data signal to determine its periodic com-
ponents. High enough presence of periodic components in a
predefined frequency range is an indication of walking or
running. Discrete Fourier analysis can also be relatively
efficiently implemented in a wearable device.

[0073] FIG. 3C illustrates one embodiment of the inven-
tion, starting with measurement of wrist acceleration in step
300. The processing unit is configured to first determine
(step 302) whether said acceleration data exceeds a pre-
defined magnitude threshold (e.g. the instant magnitude at
the moment of measurement or the average magnitude over
a measurement period). Only if said acceleration data
exceeds the predefined magnitude threshold, the processing
unit continues to determine (step 304) whether the accel-
eration data corresponds to walking-related movements of
the person using a first method and/or first criteria of
detecting frequency of motions (cadence) from the accel-
eration data. Only if the acceleration data corresponds to
walking-related movements of the person, the activity index
value is updated (step 308) based on the acceleration data.
In a further embodiment, if the acceleration data does not
correspond to walking-related movements, the unit may be
configured to determine (step 306) if the acceleration data
corresponds to running-related movements of the person
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using a second method and/or second criteria of detecting
cadence. Again, if the acceleration data corresponds to the
running-related movements of the person, the activity index
value is updated (step 308) based on the acceleration data.
If the magnitude criteria and neither of the walking or
running criteria is met, the activity index value is not
updated. The described embodiments help to optimize the
battery consumption of the device. It is computationally a
relatively lightweight process to determine whether there is
such acceleration that may originate from walking or run-
ning. Further, since there is typically more walking than
running during an ordinary persons day, it is advantageous
to check the walking criteria before the running criteria.
[0074] According to one embodiment, the cadence detec-
tion process comprises two parts: calculation of cadence of
slow motions ¢ and calculation of cadence of fast
motions Cg, Cy, typically having higher priority. This
means that the process returns the value of ¢, if different
from zero. If ¢, 1s zero, the value of ¢, is returned. The
caleulation of both ¢, and c,, relies on detection of
individual motions and checking if the motions repeat in
cyclic manner. Otherwise, there is no cadence and a value is
not returned at all. According to one embodiment the deter-
mination of ¢, utilizes convolution for the detection of
cyclicality. ¢4, may be implemented in a computationally
more lightweight manner, using as the cyclicality criteria
that n preceding time intervals between previous motions are
within a predefined time window.

[0075] The slow motions referred to above can be in
particular those corresponding to a first frequency (the
frequency of walking), and the fast motions those corre-
sponding to a second frequency (cadence) higher than that of
the first frequency (the frequency of running).

[0076] FIG. 3B shows a preferred method in more detail,
also including an optional autocalibration of acceleration-
to-speed conversion carried in the method (dashed parts).
The step 32 of FIG. 3A has been split into two sub-steps 32A
and 32B, in which the acceleration is first measured in three
dimensions to provide acceleration data separately for the
three dimensions and then the total activity-related accel-
eration is computed based on the dimension-specific data.
The activity related acceleration is obtained by computing
the total magnitude of the acceleration vector, and optionally
subtracting a gravity-based component from the acceleration
data and/or filtering e.g. vibration- or noise-based compo-
nents from the acceleration data.

[0077] The activity parameter determination step 36 has as
well been split into two substeps 36 A and 36B. In step 36A,
the walking or running speed of the person is estimated
based on the cadence and/or average acceleration data using
a conversion function 39A (conversion function A) stored in
the memory of the device. The conversion function 39A may
be in the form of a mathematical formula, such as a
piecewise linear function, or in table format, to mention
some examples. The conversion function 39A uniquely
binds average acceleration values to speed values. Prefer-
ably, the conversion function 39A has been determined
taking the persons personal properties into account (such as
running or walking style, affecting the average acceleration
and/or cadence, and/or step length). For this purpose, an
autocalibration method is described below, although manual
calibration using user-input data is possible too. In step 36B,
a relative intensity of the activity is determined based on the
speed determined in step 36 A. Again, a conversion function
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39B (conversion function B) taking into account personal
data of the user, is used. The personal data may comprise one
or all of the following: age of the person, sex of the person,
mass of the person, fitness index of the person, maximum
oxygen intake value (VO,_,,.) of the person. The conver-
sion function may be a simple mathematical linear or
non-linear formula taking the speed as input and using the
personal data as weighing factors.

[0078] The autocalibration method referred to above for
conversion function A utilizes a separate speed sensor, such
as a satellite positioning sensor or foot pod, which gives a
more reliable speed reading (“true” speed reading) than a
purely wrist acceleration-based method, and is functionally
connected to the present device. The connection may be a
wired connection (e.g. a GPS receiver built-in in the device)
or a wireless connection (e.g. a separate GPS receiver
module or acceleration-based foot pod). If the device detects
the presence of such sensor (step 38A). it uses a true speed
reading provided by that sensor, for calibrating the conver-
sion function 39A to reflect true dependency of speed on
cadence and/or average acceleration. If the activity includes
running and/or walking at practically all possible speeds, the
whole conversion function becomes calibrated. The calibra-
tion can be done also piecewise, correcting only those parts
of the conversion function that corresponds to the true speed
readings available.

[0079] Autocalibration can be carried out when the device
is in the first activity monitoring mode or in a second activity
monitoring mode (e.g. a separate walking or running train-
ing mode specifically initiated by the user), which are
discussed in more detail later. In particular, if a satellite
positioning sensor is used as a reference in the autocalibra-
tion, the latter option is preferred because it ensures that the
reference data originates from pure walking or running and
not for example from movement during a boat trip. Thus, the
possibility for incorrect calibrations is decreased.

[0080] According to one embodiment, the conversion step
36A is based solely on average acceleration-to-speed con-
version. An example of this kind of conversion is given later
in this document.

[0081] As concerns the accuracy of speed (and optionally
distance) determination, and therefore the activity index, the
cadence determination step 33, autocalibration step 39A and
cadence check step 35 play an important role. This is mainly
because wrist is a difficult location to be used for speed
determination, if particular at slow speeds, and an error at
these phases may result in other motions than those relating
to walking and/or running are being recorded, which is not
the aim in the automatic activity measurement mode.
[0082] It should be noted that in the automatic activity
monitoring mode in the core of the present invention, the
device is preferably adapted to only detect and record
activities that fall into the categories of walking and/or
running. If there is any other kind of activity taking place,
even if producing a measurable acceleration signal, it is
either left unrecorded or recorded in another activity moni-
toring mode initiated by the user manually. The walking
and/or running activity detected is transformed into an
activity index increase using the characteristics of the accel-
eration. In this way, the most common activities typically
forming a major portion of all additional metabolism on top
of baseline metabolism, are recorded very accurately in the
background and without a need for the user to separately put
the device into a training mode.



US 2017/0202486 Al

[0083] There are three preferred (and also sufficient) data
processing steps, which allow for detection of walking
and/or running. The first step is the reliable determination of
cadence, i.e., periodic features of the acceleration signal
occurring with sufficient regularity (corresponding to regu-
larity of wrist movement during walking and/or running).
The second step is checking that the cadence is at an allowed
frequency range (corresponding to frequency of wrist move-
ment during walking and/or running). The third step is
checking that the average acceleration calculated based on
the measured acceleration data is at an allowed acceleration
range (corresponding to possible wrist movement during
walking and/or running). All these steps have been discussed
above in detail, and can be carried out in practice in different
ways and in various stages of data processing. According to
a preferred embodiment, all these checks are carried out,
making the detection very robust.

[0084] According to one embodiment, walking and run-
ning are detected using the same algorithm, such as the
algorithm described above, by choosing the allowed cadence
regularity, and/or cadence frequency and acceleration ranges
to cover both walking and running.

[0085] According to another embodiment, only running is
determined using the algorithm described above, and if the
criteria for running are not met, a different algorithm for
walking is used. The walking detection algorithm may be
based for example in measuring acceleration in three dimen-
sions to provide three-dimensional acceleration data, detect-
ing characteristic features (corresponding to wrist motions)
of these acceleration data, determining correlation factors
between the characteristic features in all the three dimen-
sions. The correlation factors define three-dimensional cor-
relation vectors, whereby the determination of whether the
motion measured corresponds to walking can be evaluated
based on direction and magnitude of the correlation vectors
(i.e. spatial location of the dimension-specific correlation
factors). The correlation factors are calculated for each
characteristic feature detected such that data values at pre-
defined points of the feature are multiplied with data values
at corresponding points of a previous detected feature. The
multiplication results can then be summed to obtain a
correlation factor depicting correlation between the two
features. The correlation factors can then be saved as a time
series for further use.

[0086] According to one embodiment, the activity index
represents a relative intensity of training. The higher the
physical intensity of the training, the faster the activity index
is increased. Higher intensity of running compared to walk-
ing is reflected in higher cadence and higher average accel-
eration. The processing unit is adapted to increase the
activity index based on one or both of them more rapidly
during running than during walking.

[0087] The activity index can be dedicated to running
and/or walking only, i.e., it is not updated if any other
physical activity is detected. The activity index can also be
common to all activities the device is capable of detecting,
i.e., is updated also in other activity monitoring modes than
the running and/or walking mode.

[0088] Also other quantities than the activity index can be
computed based on intermediate values of the processing,
such as cadence, speed or average wrist acceleration, or the
end value, i.e. the activity index. For example, cadence can
be used to compute the number of steps taken by the person
if multiplied by time. Similarly, speed can be used to
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compute the distance travelled. The activity index can be
used to compute the energy consumption, the training effect,
the peak training effect, or the recovery time needed.
[0089] According to one embodiment, in addition to the
first automatic activity monitoring mode discussed above,
there are one or more second activity monitoring modes
defined in the device, for example for gym training, swim-
ming, cycling and/or various team sports. Such second
activity monitoring modes can be started and stopped
through the user interface of the device. Such manually
started mode may override the automatic mode, i.e., the
activity index is updated using the update criteria of the
second mode instead of the first mode, or instead another
activity index is updated. The second activity monitoring
mode(s) can use also other sensors than the built-in accel-
eration sensor, for example a heartbeat sensor, satellite
positioning sensor, bike pod or foot pod. The other sensor(s)
may be built-in or in wireless communication with the
present device.

[0090] The first activity monitoring mode may be opera-
tional whenever the present device is switched on, or accord-
ing to a calendar set by the user, or upon user input, to
mention some examples. Even if programmed to require
user input to start/stop, the first activity monitoring mode
distinguishes from the one or more second activity moni-
toring modes in that the update criteria of the activity index
are bound to the detection of walking or running, whereas in
the other modes the monitoring are typically not depending
on such detection, as different criteria are used. Preferably,
there are at least two sports-type specific second modes that
are launched through the user interface of the device by
selecting the particular sports the user is going to exercise,
after which all data provided by the acceleration or other
sensor(s) is interpreted to belong to that sports exercise until
the user terminates the mode through the user interface.
[0091] In one embodiment, all other movement activity
measured by the acceleration sensor than that recorded in the
first activity monitoring mode and optionally in the one or
more second activity monitoring modes, are determined to
be part of baseline activity, i.e. is not specifically recorded,
or, if recorded, as a separate activity index different than that
used in the first and/or second activity monitoring mode(s).
[0092] Inoneembodiment, in the automatic activity moni-
toring mode, if one or all of the abovementioned checks
(cadence regularity and frequency and acceleration strength)
fail, while the overall intensity of acceleration remains at a
predefined level for a predefined period, the device suggests
the user through its user interface to manually start a second
activity monitoring mode corresponding to the activity tak-
ing place.

EXAMPLE

[0093] Acceleration values a,, a, and a, in three orthogonal
directions X, y, z are measured using acceleration sensors.
The total magnitude of the acceleration vector is a,:

a,=\/ af+ay2+az2 o))

[0094] Gravity g, is subtracted from total acceleration,
yielding movement-related acceleration a,:
a2=a1-8o @

[0095] A plurality of movement-related acceleration val-
ues a, are measured over a time period At and used to
calculate average movement acceleration a,,,,,
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Qave =

[0096] Then, the average acceleration a,,,, is converted to
running speed V,,,,.,, Using a piecewise linear function
Fappmg )» also applying a cadence check function

adencecheai( ), Which checks that a,, and cadence detected

from the acceleration signal are at allowed ranges:
Vrunning:f cadence Chooi(C24€C8,,.,.)7), mapping(aave) 4

[0097]  The mapping function f,,,,,,,.( ) can have a pre-
defined form, but its form can also be changed using
reference measurements to adapt the function to individual
running characteristics of the person.

[0098] According to one embodiment, the adaptation of
the mapping function is carried out as an autocalibration
without user involvement. Autocalibration may for example
take place if the user switches on a speed measurement
module such as a satellite positioning sensor or footpod
sensor yielding the true speed of the person. The present
device receives the speed data obtained using such sensors,
and utilizes the speed information for updating the piecewise
linear function to reflect the correct relation betweena,,,, and
the measured reference speed. The function is then saved for
further speed determination as described above. The device
may also itself command a speed measurement module to
perform the autocalibration. FIG. 4A shows an example of
a piecewise linear mapping function.

[0099] The wvalue of the cadence check function
T owdencecneai( ) 18 either 1 or 0, depending on whether both
cadence and a,, are within predefined ranges or not, FIG.
4B shows an example of a cadence check function. In the
central portion, if cadence and average acceleration are lying
between the thick lines, the measurement can be determined
to originate from running or walking, and the function takes
the value 1. Outside this zone, the value is 0, rendering the
value of v, also 0.

[0100] It has been found in practical tests, that the device
and method as herein described provides results that are in
good correlation with reality. Among twenty test persons,
the method produced only a 5% average error in distance
travelled (computed from speed), compared to a distance
determined using a foot pod, even if using a predefined
cadence/acceleration-to-speed conversion. The standard
deviation was nearly 30%, but autocalibration of the
cadence/acceleration-to-speed conversion is expected to
reduce this figure significantly, because individual variations
in motion trajectories are then being taken into account.
[0101] In FIG. 5, a graph is shown over the general
relation between exercise time t and the heart rate. HR,__, is
the pulse value of a person when at a complete rest, and
HR,,,. is the maximum pulse. At a certain physical condition
of an individual, these pulse values are relatively stable and
may serve as a basis for further calculation of various
parameters, which describe the load the current exercise is
imposing on the body. According to the invention, a cumu-
lative activity parameter, the heart rate offset, is based on at
least one of the following data: the predetermined pulse
HR,,,,, a predetermined fitness level of the person, a current
recovery pulse of the person, and/or the cumulated accel-
eration data during the current activity. The fitness level and
recovery pulse calculation may include the use of the
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recovery time and/or the maximum pulse HR, . of the
person, as discussed below. The offset value is stored in the
memory unit. As can be seen, the offset value may go up and
down depending on different phases or varying outer cir-
cumstances of the exercise or activity. One interpretation of
the offset is that it is the current rest pulse, i.e. a temporary
new pulse baseline, during the activity.

[0102] Oneusable offset value as such is the recovery time
of the person, or a derivative thereof. The concept of
recovery time and its measurement is the subject of the
co-pending U.S. patent application Ser. No. 13/071,624,
which is incorporated herein by reference in its entirety.

[0103] Recovery time describes the rest time needed for a
person to fully recover from his/her current exercise. The
recovery time depends on the duration of the exercise, its
load and on the fitness level of the person. The recovery time
can be recursively calculated on the basis of an earlier
defined recovery time so that each time when the current
pulse level exceeds the defined recovery pulse level, the
recovery time is increased, and each time when the current
pulse level is lower than or equal to the defined recovery
pulse value, the recovery time is reduced. The recovery time
may also be calculated on the basis of the so-called effective
exercise time, the effective exercise time being calculated
from the actual pulse frequency and the maximum perfor-
mance pulse, the maximum performance pulse preferably
being chosen depending on the type of the discipline of the
athlete.

[0104] In practice, the recovery time can be estimated by
calculating the “effective exercise” time which depends on
the duration of the exercise and its load.

[0105] An effective exercise time addition Ad, is com-
puted by means of a first conversion function fI. For
running, the conversion function can be e.g. of the following
form:

Ad A (HR Ry HR ) ~(exp(2*(HR-HR, )/
(HR - HR,))-1)*C, ©)

where C=C(HR,HR,..,HR,,,.)=0.00057*hrr*hrr-0.
11360%rr+7.34503

[0106] The exact form of the function depends on the
sports. In the above it has been supposed that the measured
pulse HR is higher than the calculated recovery pulse HR ...
The constant coeflicients shown in the formula are examples
only. HR,,,. is here the maximum theoretical performance
pulse during the exercise. hrr is the percentage of the pulse
reserve available, and may be defined as

hrr=(HR-HR,.,)100%/(HR .~ HR,.,) (6)

[0107] The function f1 above has been formed using the
principles laid out in U.S. patent application Ser. No. 13/071,
624 as identified above.

[0108] The effective exercise time is a cumulative sum of
a previously calculated effective exercise time and the Ad,

[0109] The effective exercise time can be converted to
recovery time by means of a second conversion function f2.
For example, F1G. 8 shows an example of such a conversion
function. In running the conversion function f2 may be
formed by tabulating the recovery requirements from maxi-
mal performances as a function of distance corresponding to
the performance. It has been suggested that in competitive
sports, for a performance of 8 km the necessary rest is one
week, for 16 km two weeks and for half marathon a month.
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[0110] Thus, the relation is shown in FIG. 8 depends on
the sport. The fitness level of the person need to be taken into
account, as it has an effect on the ability of the body to
recover from an exceptional condition caused by physical
exertion. For example, at least one of the following param-
eters may be stored in the memory unit of an inventive
monitoring device for computing and updating the offset
value: age of the person, sex of the person, mass of the
person, fitness index of the person, maximum oxygen intake
value (VO,_,,,) of the person.

[0111] According to one embodiment, when the pulse
exceeds the maximum performance pulse, the recovery time
is increased more than with the pulse being between the
recovery pulse and the maximum performance pulse. Such
behavior can be modeled, e.g. with a linear function.

[0112] Further, returning to FIG. 5, a second activity
parameter called the current activity gain value, is also
computed. The gain value is based on current acceleration
data and heart rate data, and is stored in the memory unit. As
can be seen from FIG. 5, the gain is a sloped curve, which
varies from one individual to another and also from one
activity to another. Generally, the gain describes the relation
AHR/Aacc, where Aacc is accelerometer data describing the
acceleration changes in a certain time interval, and AHR is
the corresponding change in the heart rate during the same
time interval. Aacc may be the change in the average
acceleration, computed for example according to formula
(3) above. Correspondingly, AHR may be corresponding
change in the average heart rate. In practice, it is feasible to
determine in the first operating mode, for example during
periods of 10 seconds, the average acceleration values and
heart beat rate values. The average data between two con-
secutive 10 second periods may then be used to compute
variables AHR and Aacc, which are the differences of the
two average heart beat rate and acceleration values, respec-
tively. A current activity gain value may then be computed
based on the ratio AHR/Aacc.

[0113] Alternatively or in addition, in some embodiments,
the periodic motions made by the user may be detected from
measured acceleration data, and the frequency of the
motions may be determined. A current activity gain value
may then be computed only if the frequency of the periodic
motions is at a predefined frequency range.

[0114] Different sports need different motion parameters,
like acceleration, cadence, periodicity etc., in order to cor-
rectly capture the physical activity and the load it represents.
The sports selection may be made manually by the user via
a user interface of the device (see e.g. item 73 in FIG. 7), or
the sports discipline may be automatically detected by
observing the activity with one or several acceleration
sensors worn by the user.

[0115] Thus, in a steady tempo performance like in walk-
ing and running, which has been going on for a while, the
gain is steady when the body metabolism has settled to a
certain level. In the very beginning of an activity, the gain is
low as the acceleration data is high and the heart rate reacts
slower, but grows as the acceleration data becomes levelled
and the pulse increases.

[0116] Regarding FIG. 5, it should be noted that both the
offset and the gain may be dimensionless indexes. They are
placed in a coordinate system of time vs. heart rate only for
illustrative purposes, which show their internal relations in
their framework of pulse monitoring.

Jul. 20, 2017

[0117] In the present invention, a monitoring device for
monitoring the physical activity of a person is switched
between a first operating mode where actual measurement of
acceleration and physiological variables such as the heart
rate is conducted, and a second operating mode where
measurement is discontinued and the relevant parameters of
interest are estimated, by augmenting the measured physi-
ological variable with acceleration data. The measurements
may be performed with predefined intervals, for example
with a second operating mode lasting at least 5 times longer
than the first operating mode.

[0118] In FIG. 6 is schematically shown the measurement
time intervals “M” of the first operating mode along the
horizontal axis “t”. The processing unit of the monitoring
device is during the “M” periods reading data from first and
second sensors (signals “s” on the y-axis). Predefined inter-
vals “I” represent the second operating mode, where the
processing unit is computing estimates of the offset and gain
values. These estimates may be produced by a linear mod-
elling of the actually measured results, i.e. by linear extrapo-
lation of actual measured values during the previous first
operating mode. Each sport discipline may need different
modelling.

[0119] In some embodiments, the data processing unit
may be configured to determine an average acceleration
value from acceleration data measured during the first
operating mode, to determine whether said average accel-
eration is within a predefined acceleration range, and to filter
acceleration data by computing a new current activity gain
only if the average acceleration is within the predefined
acceleration range.

[0120] FIG. 7 shows a device according to one embodi-
ment the invention and similar to the one in FIG. 1. The
device comprises a main unit 70 and a wristband 71 attached
to the main unit 70. The main unit comprises a data
processing unit 72 and an acceleration sensor 74, memory
unit 76 and user interface unit 73, all functionally connected
to the data processing unit 72. The device also comprises a
heart rate sensor 75, which may include a wireless interface
to external sensors 77, such as an accelerometer placed on
the body or in a garment of a user, or a heart rate sensor/
transmitter to be worn around the chest.

[0121] Wireless communication of data between wireless
interfaces and devices such as 75 and 77 in a multi-device
environment may use a wireless radio-frequency transmit-
ter-receiver or transceiver-transceiver pair. The wireless
communication protocol can be one used for communication
between computers, and/or between any remote sensors,
such as a Bluetooth LE or the proprietary ANT+ protocol.
These are using direct-sequence spread spectrum (DSSS)
modulation techniques and an adaptive isochronous network
configuration, respectively. Enabling descriptions of neces-
sary hardware for various implementations for wireless links
are available e.g. from the Texas Instrument®’s handbook
“Wireless Connectivity” which includes IC circuits and
related hardware configurations for protocols working in
sub-1- and 2.4-GHz frequency bands, such as ANT™,
Bluetooth®, Bluetooth® low energy, RFID/NFC, Pure-
Path™ Wireless audio, ZigBee®, IEEE 802.15.4, ZigBee
RF4CE, 6LoWPAN, Wi-Fi®.

[0122] The data processing unit 72 can comprise a micro-
controller, optionally with the memory unit 76 built therein.
The data processing unit 72 is capable of running a program
code including instructions necessary for the device to
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operate according to the invention, and FIG. 7 illustrates an
example apparatus capable of supporting at least some
embodiments of the present invention. [lustrated is device
70, which comprise a processing unit 72, which may com-
prise, for example, a single- or multi-core processor wherein
a single-core processor comprises one processing core and a
multi-core processor comprises more than one processing
core. Processing unit 72 may comprise more than one
processor. A processing core may comprise, for example, a
Cortex-A8 processing core manufactured by ARM Holdings
or a Steamroller processing core produced by Advanced
Micro Devices Corporation. Processing unit 72 may com-
prise at least one Qualcomm Snapdragon and/or Intel Atom
processor. Processing unit 72 may comprise at least one
application-specific integrated circuit, ASIC. Processing unit
72 may comprise at least one field-programmable gate array,
FPGA. Processing unit 72 may be means for performing
method steps in device 70, and it may be configured, at least
in part by computer instructions, to perform actions.

[0123] Memory unit 76 may comprise random-access
memory and/or permanent memory. Memory 76 may com-
prise at least one RAM chip. Memory 76 may comprise
solid-state, magnetic, optical and/or holographic memory,
for example. Memory 76 may be at least in part accessible
to processing unit 72. Memory 76 may be at least in part
comprised in processing unit 72. Memory 76 may be means
for storing information. Memory 76 may comprise computer
instructions that processing unit 72 is configured to execute.
When computer instructions configured to cause processing
unit 72 to perform certain actions are stored in memory 76,
and device 70 overall is configured to run under the direction
of processing unit 72 using computer instructions from
memory 76, processing unit 72 and/or its at least one
processing core may be considered to be configured to
perform said certain actions. Memory 76 may be at least in
part comprised in processing unit 72. Memory 76 may be at
least in part external to device 70 but accessible to device 70.

[0124] The acceleration sensor 74 can comprise a one-,
two- or most preferably a three-dimensional accelerometer,
which are well known in the art. The heart rate sensor 75 can
comprise EKG electrodes or optical means for registering
the blood pulses in the veins of the user. Sensor 75 may be
an optical heart rate sensor. Because optical sensors may
sometimes have difficulties in detecting the pulse, the inven-
tive monitoring device may be maintained in the second
operating mode extending the predefined interval, if a heart
rate signal from the optical sensor is unavailable. The device
may be configured then to merely continue calculating and
displaying an estimate, until an acceptable measured pulse
rate values are again obtained.

[0125] The user interface unit 73 comprises the necessary
means for the user to interact with the program code of the
device, e.g. switch on and off the device, to change mode of
activity monitoring mode of the device or to input personal
parameters (input means) and to visually inspect the cumu-
lative and/or current activity index (output means). The
input means may comprise one or more buttons or a touch-
screen. The output means comprise a user-readable display
unit used to display, for example, the measured heart rate
values during the first mode of operation of the monitoring
device, and the estimated and augmented heart rate values
during the second mode of operation of said monitoring
device.
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[0126] The processing unit 72 may according to the inven-
tion be configured to display the current estimated heart beat
rate value, which is based on the offset value and the gain
value augmented with acceleration data as described above,
during the second operating mode on the display unit 73.
Alternatively or in addition, the processing unit may be
configured to store in the memory unit 76 the estimated heart
beat rate values, to show their values on a graph versus time,
for example.

[0127] It is to be understood that the embodiments of the
invention disclosed are not limited to the particular struc-
tures, process steps, or materials disclosed herein, but are
extended to equivalents thereof as would be recognized by
those ordinarily skilled in the relevant arts. It should also be
understood that terminology employed herein is used for the
purpose of describing particular embodiments only and is
not intended to be limiting.

[0128] Reference throughout this specification to “one
embodiment” or “an embodiment” means that a particular
feature, structure, or characteristic described in connection
with the embodiment is included in at least one embodiment
of the present invention. Thus, appearances of the phrases
“in one embodiment” or “in an embodiment” in various
places throughout this specification are not necessarily all
referring to the same embodiment.

[0129] As used herein, a plurality of items, structural
elements, compositional elements, and/or materials may be
presented in a common list for convenience. However, these
lists should be construed as though each member of the list
1s individually identified as a separate and unique member.
Thus, no individual member of such list should be construed
as a de facto equivalent of any other member of the same list
solely based on their presentation in a common group
without indications to the contrary. In addition, various
embodiments and example of the present invention may be
referred to herein along with alternatives for the various
components thereof. It is understood that such embodiments,
examples, and alternatives are not to be construed as de facto
equivalents of one another, but are to be considered as
separate and autonomous representations of the present
invention.

[0130] Furthermore, the described features, structures or
characteristics may be combined in any suitable manner in
one or more embodiments. In the description numerous
specific details are provided to provide a thorough under-
standing of embodiments of the invention. One skilled in the
relevant art will recognize, however, that the invention can
be practiced without one or more of the specific details, or
with other methods, components, materials, etc. In other
instances, well-known structures, materials, or operations
are not shown or described in detail to avoid obscuring
aspects of the invention.

[0131] While the forgoing examples are illustrative of the
principles of the present invention in one or more particular
applications, it will be apparent to those of ordinary skill in
the art that numerous modifications in form, usage and
details of implementation can be made without the exercise
of inventive faculty, and without departing from the prin-
ciples and concepts of the invention. Accordingly, it is not
intended that the invention be limited, except as by the
claims set forth below.

1. A device for monitoring physical activity of a person,
comprising
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at least one first sensor for measuring acceleration data
relating to movements of said person,

at least one second sensor for measuring heart rate data
corresponding to the heart beat rate of said person,

a data processing unit comprising at least one processing
core, at least one memory unit including computer
program code, the at least one memory unit and the
computer program code being configured to, with the at
least one processing core, cause the apparatus to opet-
ate in a first mode when data is read from said first and
second sensors and in a second mode when data is not
read from at least one of said first and second sensors,
and where the processing unit in said first operating
mode:
cumulatively computes and updates a heart rate offset

value based on at least one of the following data: a
predetermined pulse of the person a rest, a predeter-
mined fitness level of the person, a current recovery
pulse of the person, and/or the cumulated accelera-
tion data during the current activity,
computes a current activity gain value based on accel-
eration data and heart beat rate data, and wherein
said data processing unit being further configured to
compute an estimate of the heart beat rate based on said
offset value and said gain value during said second
operating mode.

2. The device according to claim 1, wherein the process-
ing unit is configured to calculate the heart beat rate offset
value as a parameter corresponding to a recovery time of the
user, said recovery time being computed as a function of the
duration of the current activity, a predetermined or estimated
heart beat rate or pulse value characteristic of the user at rest,
and the current heart rate.

3. The device according to claim 1, wherein the process-
ing unit is configured to calculate the current gain value as
a parameter corresponding to the ratio of the differences
between said heart beat rate data and said acceleration data.

4. The device according to claim 1, wherein the process-
ing unit is configured to display the current estimated heart
beat rate value based on said offset value and said gain value
during said second operating mode on a user-readable a
display unit of said device.

5. The device according to claim 1, wherein the process-
ing unit is configured to store in said at least one memory
unit the estimated heart beat rate values based on said offset
value and said gain value during said second operating
mode.

6. The device according to claim 1, wherein the process-
ing unit is configured to switch between said first and second
operating modes with predefined intervals.

7. The device according to claim 6, wherein the process-
ing unit is operating in said second operating mode at least
5 times longer than in said first operating mode.

8. The device according to claim 1, wherein the data
processing unit in configured to:

detect periodic motions from measured acceleration data,

determine frequency of the periodic motions,

determine whether the frequency of the periodic motions
is at a predefined frequency range, and to

compute a new current activity gain value using said
frequency of periodic motions if the frequency of the
periodic motions is at said predefined frequency range.

9. The device according to claim 1, wherein the data
processing unit is configured to
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determine at least first and second average acceleration
values from acceleration data measured during at least
two time periods during said first operating mode,

determine at least first and second average heart beat rate
values from heart rate beat data measured during at
least two time periods during said first operating mode,

compute a new current activity gain value based on the
ratio between the differences AHR/Aacc of said at least
two average heart beat rate and acceleration values.

10. The device according to claim 1 or 9, wherein the data
processing unit is configured to:

determine an average acceleration value from accelera-

tion data measured during said first operating mode,

determine whether said average acceleration is within a

predefined acceleration range,

compute a new current activity gain value using said

average acceleration if the average acceleration is
within said predefined acceleration range.

11. The device according to claim 1, wherein the process-
ing unit is configured to compute estimates of said offset
value and said gain value during said second operating mode
by linear extrapolation of earlier measured values during
said first operating mode.

12. The device according to claim 1, wherein the pro-
cessing unit is configured to use at least one of the following
parameters stored in said memory unit for computing and
updating said offset value: age of the person, sex of the
person, mass of the person, fitness index of the person,
maximum oxygen intake value (VO, . ) of the person.

13. The device according to claim 1, wherein the device
has means for mounting the device on the wrist of the
person.

14. The device according to claim 1, wherein the said at
least one second sensor comprises an optical heart rate
Sensor.

15. The device according to claim 1, the device being a
wearable computer further comprising means for wireless
reception of data from external sensors.

16. A method for monitoring physical activity of a person
by operating a monitoring device in a first operating mode
and in a second operating mode, the method comprising
further steps of:

measuring in said first operating mode acceleration data

relating to movements of said person with a first sensor
into a processing unit,
measuring in said first operating mode heart rate data
corresponding to the heart beat rate of said person with
a second sensor into said processing unit,

computing and updating a cumulative heart rate offset
value based on at least one of the following data: a
predetermined pulse of the person a rest, a predeter-
mined fitness level of the person, a current recovery
pulse of the person, and/or the cumulated acceleration
data during the current activity,

computing a current activity gain value based on accel-

eration data and heart beat rate data, and

computing an estimate of the heart beat rate based on said

offset value and said gain value during said second
operating mode.

17. The method according to claim 16, wherein the heart
beat rate offset value is calculated as a parameter corre-
sponding to a recovery time of the user, said recovery time
being computed as a function of the duration of the current
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activity, a predetermined or estimated heart beat rate or pulse
value characteristic of the user at rest, and the current heart
rate.

18. The method according to claim 16, wherein the
current gain value is calculated as a parameter correspond-
ing to the ratio of the differences between said heart beat rate
data and said acceleration data.

19. The method according to claim 16, wherein the
current estimated heart beat rate value based on said offset
value and said gain value during said second operating mode
is displayed on a user-readable a display unit of said
monitoring device.

20. The method according to claim 16, wherein the
estimated heart beat rate values based on said offset value
and said gain value during said second operating mode store
is stored in a memory unit of said monitoring device.

21. The method according to claim 16, wherein said
monitoring device is switched between said first operating
mode and said second operating mode with predefined
intervals.

22. The method according to claim 21, wherein said
monitoring device is operating in said second operating
mode at least 5 times longer than in said first operating
mode.

23. The method according to claim 16, comprising the
further steps of:

detecting periodic motions from measured acceleration

data,

determining the frequency of the periodic motions,

determining whether the frequency of the periodic

motions is at a predefined frequency range, and
computing a new current activity gain value using said

frequency of periodic motions if the frequency of the

periodic motions is at said predefined frequency range.

23. The method according to claim 16, comprising the
further steps of:

determining at least first and second average acceleration

values from acceleration data measured during at least
two time periods during said first operating mode,
determining at least first and second average heart beat
rate values from heart rate beat data measured during at
least two time periods during said first operating mode,
computing a new current activity gain value based on the
ratio between the differences AHR/Aacc of said at least
two average heart beat rate and acceleration values.

24. The method according to claim 16, comprising the
steps of:

determining an average acceleration value from accelera-

tion data measured during said first operating mode,

determining whether said average acceleration is within a

predefined acceleration range,
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computing a new current activity gain value using said
average acceleration if the average acceleration is
within said predefined acceleration range.

25. The method according to claim 16, comprising the
step of computing estimates of said offset value and said
gain value during said second operating mode by linear
extrapolation of earlier measured values during said first
operating mode.

26. The method device according to claim 16, wherein at
least one of the following parameters stored in said memory
unit is used for computing and updating said offset value:
age of the person, sex of the person, mass of the person,
fitness index of the person, maximum oxygen intake value
(VO,,,,,) of the person.

27. The method according to claim 16, wherein the heart
rate is measured by optical heart rate sensors.

28. The method according to claim 27, wherein said at
least one second sensor measuring the heart rate comprise an
optical heart rate sensor, and said monitoring device is
maintained in said second operating mode over said pre-
defined interval, if a heart rate signal from said optical
sensor is unavailable.

29. The method according to claim 16, wherein wireless
communication is used to transfer data between said sensors
and said monitoring device.

30. A computer program product for monitoring physical
activity of a person stored on a computer readable non-
transitory storage medium in a monitoring device, said
product comprising a computer readable program code
causing said monitoring device to operate in a first operating
mode and in a second operating mode, wherein:

in said first operating mode acceleration data relating to
movements of said person is measured with a first
sensor into a processing unit,

in said first operating mode heart rate data corresponding
to the heart beat rate of said person is measured with a
second sensor into said processing unit,

a cumulative heart rate offset value is computed and
updated based on at least one of the following data: a
predetermined pulse of the person a rest, a predeter-
mined fitness level of the person, a current recovery
pulse of the person, and/or the cumulated acceleration
data during the current activity,

a current activity gain value is computed based on accel-
eration data and heart beat rate data, and

an estimate of the heart beat rate is computed based on
said offset value and said gain value during said second
operating mode.
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