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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to a device, a cor-
responding method and a system for counting the
number of cycles of a periodic movement of a subject,
for instance for counting the number of steps of a person
during running or walking.

BACKGROUND OF THE INVENTION

[0002] Currently there is an increased interest in de-
vices that can unobtrusively monitor physiological/life-
style parameters, e.g. estimate the energy expenditure
using accelerometers. Today many of such devices are
intended for fitness/sports monitoring (e.g. Nike Fuel-
band, MIO Alpha), but it is expected that such type of
monitoring will become a commodity.

[0003] In order to make such devices attractive, they
must be comfortable to wear, which means that they
should be small and light. Therefore, battery size/power
is an important design constraint. The less frequent the
device needs to be recharged, the more user friendly it
will be.

[0004] Different strategies are known to reduce battery
power, e.g.one approach is to limit the sampling frequen-
cy of the physiological/lifestyle parameters, requiring less
processing power on the subsequent algorithms. Anoth-
er approach is to sample at a higher sampling frequency,
but only for a limited amount of time. Such an approach
is e.g. described in US 2006/123905 A1. This interrupted
way of sampling has the advantage that, depending on
the processor type, the corresponding processor sam-
pling the signal can effectively be set to sleep, requiring
only a very limited amount of battery power.

[0005] One of the interesting parameters to monitor
using a lifestyle monitoring device is the number of steps
taken during a certain time period, e.g. during the day,
or, more generally, the number of cycles of a periodic
movement, which may be steps, jumps, swimming
strokes, revolutions during cycling, etc. With existing al-
gorithms for continuous 3D accelerometer signals the 3D
accelerometer signal is first processed to a 1D signal in
which the periodicity of the accelerometer signalis clearly
visible. On this pre-processed signal a fixed or variable
threshold is set, that sets a flag at each time instance
that the threshold is superseded. Finally, the number of
threshold passings is simply counted.

[0006] For continuous sampling this is a suitable ap-
proach. However, for discontinuous sampling strategies
this approach can lead to problems. Since only a limited
amount of data is available, the periodicity of the signal
is hardly visible anymore. Setting the (adaptive) threshold
correctly becomes an issue, since the context is not vis-
ible anymore. In addition, some form of intra/extrapola-
tion needs to occur in order to estimate the number of
steps.
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[0007] Hence, there is a need for an approach that is
suitable for more precisely counting the number of cycles
of a periodic movement of a subject if only discontinuous
accelerometer data are available, e.g. to save battery
power during the acquisition of the accelerometer data.
[0008] US2006/174685A1 discloses a method and ap-
paratus for counting the steps taken by a walker, where
the method includes detecting an acceleration value gen-
erated by a step taken by a walker at every first stated
interval, calculating a standard deviation of detected ac-
celeration values at every second stated interval, deter-
mining a walking mode corresponding to the calculated
standard deviation among first through Nth walking
modes as a walking pattern of the walker, in which N is
a positive integer that is larger than 1, checking if there
is at least one absolute value that is larger than a thresh-
old acceleration value corresponding to the determined
walking mode among the absolute values of the detected
acceleration values, and incrementing a count value as
a step taken by the walker if there is at least one absolute
value that is larger than the threshold acceleration value
among the absolute values of the detected acceleration
values.

[0009] US7334472B2 discloses a method for measur-
ing quantity of exercise and an apparatus comprising an
acceleration sensor for generating acceleration informa-
tion by measuring the quantity of exercise according to
user movement, sensor control unit for supplying power
to the acceleration sensor and sampling the acceleration
information generated from the acceleration sensor, a
dynamic energy measurement unit for converting the
sampled acceleration information into dynamic energy,
comparing a local maximum value with a predetermined
threshold value if an ascending gradient of the dynamic
energy has the local maximum value exceeding a pre-
determined value and determining a user step if the local
maximum value exceeds the predetermined threshold
value, a calorie consumption measurement unit for cal-
culating calorie consumption by analyzing an energy lev-
el of dynamic energy determined as a user step, a mem-
ory for storing information, and a display section for dis-
playing information related to the number of steps and
calorie consumption.

SUMMARY OF THE INVENTION

[0010] Itis an object of the presentinvention to provide
device, method and system for more precisely counting
the number of cycles of a periodic movement of a subject
based on discontinuous accelerometer data indicating
movement of at least a body part of the subj ect.

[0011] Inafirstaspect ofthe presentinvention adevice
for accurately counting the number of cycles of a periodic
movement of a subject is presented comprising

- aninput unit for receiving discontinuous accelerom-
eter data over time indicating movement of at least
a body part of the subject,
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- aclassifier for classifying the movement of the sub-
ject into one of several movement classes based on
said discontinuous accelerometer data, each move-
ment class being related to a different range of speed
of a periodic movement,

- astorage for storing a table including for each move-
ment class a periodicity value per time unit, and

- a movement calculation unit for calculating the
number of cycles of the periodic movement of the
subject per time unit, for a predetermined time or
continuously over time by use of the periodicity of
the movement class, into which the movement has
been classified.

[0012] In a further aspect of the present invention a
corresponding computer implemented method is pre-
sented.

[0013] In still another aspect of the present invention
a corresponding system is presented comprising

- an accelerometer for acquiring discontinuous accel-
erometer data over time indicating movement of at
least a body part of the subject,

- a device as disclosed herein for determining the
number of cycles of the periodic movement based
on the discontinuous accelerometer data acquired
by the accelerometer,

- an output interface for outputting the determined
number of cycles.

[0014] In yet further aspects of the present invention,
there are provided a computer program which comprises
program code means for causing a computer to perform
the steps of the method disclosed herein when said com-
puter program is carried out on a computer as well as a
non-transitory computer-readable recording medium
that stores therein a computer program product, which,
when executed by a processor, causes the method dis-
closed herein to be performed.

[0015] Preferred embodiments of the invention are de-
fined in the dependent claims. It shall be understood that
the claimed methods, processor, computer program and
medium have similar and/or identical preferred embodi-
ments as the claimed system and as defined in the de-
pendent claims.

[0016] The present invention is based on the idea to
classify the activity (a periodic movement of the subject),
i.e. to determine the kind of movement state and/or the
movement class of the subject, e.g. a person doing sports
or just moving as usual. For instance, three movement
classes of a three-state classifier used for counting the
number of steps of a person may be "walking", "not walk-
ing" and "running" distinguished by the different speed
of the periodic movement "walking". However, the
presentinvention may also be used to distinguish walking
from cycling or, even further, to distinguish different
movement classes of walking and cycling by a classifier,
which e.g. classifies the movement of the subject into the
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movement classes "walking slowly", "walking fast", "cy-
cling slow", "cycling fast" and "no movement". Depending
on the detected activity, i.e. the determined class of
movement, the periodicity of the signal is determined by
use of a predetermined table, and based on the perio-
dicity the number of cycles of the periodic movement is
determined.

[0017] The accelerometer may be worn by the subject
at different wearing positions, such as neck, pocket, thigh
and wrist. Preferably, the whole system, including the not
only the accelerometer but also the device and an output
interface (e.g. a display) is worn by the subject during
the activity. In other embodiments the accelerometer sig-
nals may be transmitted to the device in any suitable way,
e.g.inawired or wireless manner, which may be effected
on the fly (i.e. in real time during the activity) or later (i.e.
in non-real time after the activity). The device may e.g.
be an application running on a smart device, such as a
smartphone, tablet, smart watch, fithess device, lifestyle
device or computer.

[0018] The calculation of the number of cycles may be
made per time unit (e.g. per minute, per hour, per day,
per week, etc.), for a predetermined time (e.g. for a pre-
determined time set by the user, such as for three hours
or a predetermined day) or continuously over time.
[0019] In a preferred embodiment said movement cal-
culation unit is configured to use the periodicity and in-
tegrate itoveratime period to obtainthe number of cycles
during said time period. This provides a rather simple
way to roughly estimate the number of cycles. Increasing
the number of different classes (i.e. by further refining
the class "walking" into "normal walking", "slow walking"
and "fast walking") used in the classification and, hence,
the number of different values of periodicities assigned
to the respective classes increases the accuracy of the
calculation of the number of cycles.

[0020] In another embodiment said storage is config-
ured to store two or more tables for different anthropo-
metric data, in particular for different lengths, weights,
body mass index, gender and/or age, each table includ-
ing periodicity values adapted for respective anthropo-
metric data, wherein said movement calculation unit is
configured to select the table for obtaining the periodicity
based on the anthropometric data of the subject. For in-
stance, in step counting the height of the person has a
strong influence since a taller person usually makes larg-
er steps than a smaller person. Hence, for use in step
counting there may be different tables for different
heights of persons with different periodicities for each
class of movement. Further, for instance for male, female
and children there may be different tables. Generally, by
use of such anthropometric data a strong increase of the
accuracy of the calculation of the number of cycles can
be obtained.

[0021] Preferably, said input unit is configured to re-
ceive anthropometric data of the subject. Such anthro-
pometric data may e.g. be entered via a keypad or dis-
play, or they may be transmitted from another device of
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the system that stores such data, e.g. in a health record
or other personal record. Preferably, the device is thus
personalized before use.

[0022] In another embodiment said classifier is config-
ured to determine one or more features indicative of the
movement frequency from the accelerometer data and
to use said one or more features for said classification.
Different features can be used for this purpose, depend-
ing on the kind of activity and the efforts that shall be
taken to obtain a desired accuracy of the calculation. In
a preferred embodiment said classifier is configured to
use as a feature the signal power of the high frequency
components and/or of the low frequency components of
the accelerometer data. Thus, a feature representative
of the power of the high frequency components of the
accelerometer signals reflecting the (high frequency) en-
ergy that propagates through the body into the device
when, in step counting, a foot hits the ground can be
used. Another useable feature is a feature representative
of the total (low frequency) signal power.

[0023] In another embodiment the device further com-
prises a movement frequency estimation unit for estimat-
ing the movement frequency from said accelerometer
data, wherein said movement calculation unit is config-
ured to use said estimated movement frequency in the
calculation of the number of cycles. The movement fre-
quency estimation unit refines the frequency estimate
provided by the classification. E.g. if the classifier indi-
cates a class witharange from 1.5t0 2 cycles per second,
the movement frequency estimation unit may be config-
ure to estimate a frequency within this range. This refined
frequency may then be used in further processing. This
further improves the accuracy of the calculation of the
number of cycles.

[0024] Preferably, the input unitis configured to obtain
three-dimensional accelerometer data indicating in three
differentdirections, in particular orthogonal directions. By
use of 3D accelerometer data, as e.g. delivered from a
conventional accelerometer, the class of movement can
be determined more accurately.

[0025] Further, in an embodiment the input unit is con-
figured to obtain samples of accelerometer data acquired
at intervals, in particular at (e.g. regular) intervals in a
range from 2 to 60 seconds and/or to obtain samples of
accelerometer data, each sample segment having a time
durationin therange from 0.5 to 5 seconds. An exemplary
typical configuration may e.g. be that the accelerometer
data itself is sampled for one second at 20 Hz, and then
not sampled for the subsequent four seconds, sampled
for one second at 20Hz, etc. This non-continuous stream
of samples is then analyzed, typically in fixed segments
of 15 seconds, thus effectively containing three seconds
of sampled data (and 12 "empty seconds").

[0026] In another embodiment the classifier is config-
ured to subsequently evaluate subsequent segments of
accelerometer data (e.g. segments of 60 seconds dura-
tion, including intervals of e.g. 1 second data and of e.g.
4 seconds no data), wherein the subsequent segments
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overlap in time (e.g. have an overlap of a predetermined
duration, e.g. have an overlap of 55 seconds in the ex-
ample of segments of 60 seconds duration). This im-
proves the user experience. For instance, in the above
example each 5 seconds a classification is done, and a
count number is calculated, despite the fact that longer
segments are used. Generally, there are different param-
eters which may be configured, e.g. by the user or the
manufacturer, including the inherent sampling frequency
of the accelerometer signal, the time interval in which
data is sampled, the time interval in which no data is
sampled, the segment length of the classifier, and the
"hop size", i.e., the time after which an update of the
estimate is provided.

[0027] The system preferably further comprises a data
interface for obtaining anthropometric data, such as a
keyboard, microphone, touchscreen, etc. or as a trans-
mission / reception unit for contacting an external device
to retrieve such data.

[0028] Further, the system preferably further compris-
es a housing for housing the accelerometer, the device
and the outputinterface and a holding element for holding
the housing at a body part of the subject. The system
may e.g. be an integrated device, such as a body-worn
wristband or wristwatch, or any other wearable device
that can be worn e.g. at the wrist, arm, ankle, leg or even
at the neck or head. In general, the present invention
may be configured as or part of a wearable personal
health monitoring device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiment(s) described hereinafter. In the following draw-
ings

Fig. 1 shows a schematic diagram of an embodiment
of a system according to the present invention,

Fig. 2 shows a schematic diagram of an embodiment
of a device according to the present invention,

Fig. 3 shows signal diagrams of continuous and dis-
continuous accelerometer signals,

Fig. 4 shows signal diagrams illustrating the use of
different features derived from the accelerometer da-
ta,

Fig. 5 shows a schematic diagram of another em-
bodiment of a system according to the present in-
vention,

Fig. 6 shows a schematic diagram of an embodiment
of a device according to the present invention,

Fig. 7 shows a signal diagram illustrating an embod-
iment of the evaluation of the accelerometer data,
and

Fig. 8 shows a flow chart of an embodiment of a
method according to the present invention.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0030] Fig. 1 shows a schematic diagram of an em-
bodiment of a system 1 for counting the number of cycles
of a periodic movement according to the present inven-
tion. In the following the invention will be explained with
reference to an exemplary embodiment in whichitis used
for counting the number of steps taken by a person, but
the invention is also usable for counting the number of
cycles of other periodic movements of a subject (e.g. a
person or an animal), such as the number of rotations
during cycling.

[0031] The system 1 comprises an accelerometer 10
for acquiring discontinuous accelerometer data over time
indicating movement of at least a body part of the subject.
Such accelerometers are generally known in the art.
They can be worn e.g. around the leg or the arm, for
instance a wrist worn device like a watch or at the ankle,
but may also be mounted to any other part of the body.
The accelerometer 10 generally provides three-dimen-
sional accelerometer data, i.e. a separate accelerometer
signal for each of three orthogonal directions indication
the acceleration in the respective direction. However, the
invention also works with other accelerometer data, e.g.
a single accelerometer signal (i.e. one-dimensional ac-
celerometer data) or two-dimensional accelerometer da-
ta, as long as the desired periodic movement is in some
way reflected in the accelerometer data.

[0032] The system 1 further comprises a device 20 for
determining the number of cycles of the periodic move-
ment based on the discontinuous accelerometer data ac-
quired by the accelerometer 10. The device 20 may be
implemented in hardware and/or software. E.g. a proc-
essor or computer may be configured accordingly to im-
plement the elements of the device 20 as explained be-
low.

[0033] The system 1 further comprises an output inter-
face 30 for outputting the determined number of cycles.
The output interface 30 may be a display for displaying
the determined number, but may also be a transmitter
for transmitting the determined number to another de-
vice, e.g. a smartphone, computer or website, for further
processing (e.g. for medical purposes or storage in a
health record) and/or display there.

[0034] All elements of the system 1 may be integrated
into a common wearable device (as shown below in more
detail for another embodiment of the system) or may be
implemented as separate devices. For instance, only the
accelerometer 10 is mounted to the subject’'s body and
transmits the accelerometer data (in real time or non-real
time; in a wired or wireless manner) to the device 20 for
processing. The device 20 may be configured as or part
of a computer, laptop, smartphone, tablet or any other
device that is configured for carrying out the steps per-
formed by the device 20.

[0035] Fig. 2 shows a schematic diagram of an em-
bodiment of a device 20 according to the present inven-
tion for counting the number of cycles of a periodic move-

10

15

20

25

30

35

40

45

50

55

ment of a subject. The device 20 comprises an input unit
21 for receiving discontinuous accelerometer data over
time indicating movement of at least a body part of the
subject. Such discontinuous 3D accelerometer data are
shown in Fig. 3B versus continuous 3D accelerometer
data shown in Fig. 3A. In particular, Fig. 3A shows three
continuous accelerometer signals A1, A2, A3 for three
orthogonal directions and Fig. 3B shows three discontin-
uous accelerometer signals B1, B2, B3 for three orthog-
onal directions, which are actually samples of (in this ex-
ample) a time duration of one second every five seconds,
i.e. with an interruption of 4 seconds between the sam-
ples. During the interruptions the accelerometer 10
and/or the device 20 can thus be set to sleep mode to
save battery power, which is an essential aspect in the
use of such wearable devices. From the three acceler-
ometer signals x, y, z the norm may e.g. be taken, e.g.
the sqrt(x2 + y2 + z2), or the sum of abs(x)+abs(y)+abs(z)
is formed.

[0036] The device further comprises a classifier 22 for
classifying the movement of the subject into one of sev-
eral movement classes based on said discontinuous ac-
celerometer data, each movement class being related to
adifferent range of speed of a periodic movement. There
are several ways to perform this classification as will be
explained below. In an exemplary simple embodiment
used for step counting three different classes are distin-
guished including no walking, walking and running. In
other more advanced embodiment many more classes
are distinguished like no walking, slow walking, fast walk-
ing, running and sprinting.

[0037] A storage 23, such asasemiconductor memory
element, stores a table including for each movement
class a periodicity value per time unit. Thus, depending
on the detected activity, the periodicity of the accelerom-
etersignal(s) is estimated. In the simple example of using
three classes, i.e. using a three-state classifier for distin-
guishing no walking, walking and running, the following
pre-defined table may then be used to determine the pe-
riodicity:

State Periodicity (steps/second)
No walking 0.0
Walking 1.9
Running 25
[0038] Finally, the number of cycles of the periodic

movement of the subject is calculated by a movement
calculation unit 24. This calculation is made per time unit
(e.g. per hour, per day, etc.), for a predetermined time
(e.g. 3 hours, 1 day, etc.) or continuously over time (e.g.
updated every 15 seconds, every minute, etc.) by use of
the periodicity of the movement class, into which the
movement has been classified. Said periodicity is thus
taken from the entry for said movement class in the table
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stored in the storage 23.

[0039] Thus, in a simple embodiment, if the classifier
identifies the state of walking the periodicity of 1.9is taken
from the table. Based on an integration of this periodicity
over time the number of steps is calculated resulting in
1.9 x 60 = 114 steps per minute or 6840 steps per hour.
[0040] The classification may be continuously or reg-
ularly done at predetermined intervals, e.g. once per
minute or every 15 seconds so that the calculation of the
number of steps can be updated accordingly. For in-
stance, if the classifier 22 provides a state every 15 sec-
onds, it would mean that the step count would increment
to 28.5 after 15 seconds, 57 after 30 seconds, etc. Ad-
ditional smoothing may be applied to provide the user
with a better experience. For instance, instead of a step-
wise increment every 15 seconds, the increment is con-
ducted more often, but with smallerincrements, e.g., after
7.5 seconds the step count would be incremented to
14(.25), after 15 seconds to 28.5, etc. In total, for in-
stance, if the person walks for 15 minutes and the runs
for 10 minutes the number of steps for this time period
of 25 minutes would be 1.9 x 60 x 15+ 2.5 x 60 x 10 =
3210 steps.

[0041] As briefly mentioned above, one way to further
improve the results is the use of a multi-level classifier
that distinguishes more states and thus using a table hav-
ing more entries. For instance, instead of just classifying
no walking, walking and running more states could be
applied, e.g.:

State Periodicity (steps/second)
No walking 0.0
Slow walking 1.5
Normal walking 1.9
Fast walking 2.2
Running 25
Sprinting 2.7
[0042] Instillotherembodiments a multi-level classifier

can even distinguish states of different kinds of move-
ment, e.g. from cycling and walking. For instance, a clas-
sifier may classify the movement of the subject into the
movement classes "walking slowly", "walking fast", "cy-
cling slow", "cycling fast" and "no movement", i.e. having
five classes and accordingly five periodicity values in a
corresponding table.

[0043] In the classification one or more features are
used that are indicative for the respective movement
states that shall be differentiated, e.g. that are indicative
for distinguishing the state of walking from the states of
running and no walking in the above mentioned simple
embodiment. Fig. 4 shows the folded cumulative distri-
bution illustrating the use of two different features derived

from the accelerometer data for different activities (i.e.
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movement states for the example of step counting).
These features enable differentiation of the particular ac-
tivities walking and running amongst themselves as well
as from other activities. Hence these features represent
a typical characteristic of the type of activity.

[0044] Fig. 4A shows a folded cumulative distribution
of a feature calculated as the power of the high frequency
components of the accelerometer signals for different ac-
tivities. The x-axis shows the feature value F and the y-
axis shows the folded cumulative distribution G. A folded
cumulative distribution is a cumulative distribution for
which the upper half (the cumulative distributions higher
than 0.5) is folded downwards. This helps to visually es-
tablish the median and dispersion of the cumulative dis-
tribution. The signal curve C1 is for the activity walking
and the signal curve C2 is for the activity running. This
feature substantially reflects the (high frequency) energy
that propagates through the body into the device when
a foot hits the ground. This feature may also be called
the RMS amplitude of high frequency components of the
accelerometer signals, which may be obtained by

VE(x = %" + (v = yi) + (2 = 2))

wherein x, y, z represent the vectors of original sample
values, X1p» Y1pr Z1p represent the vector of low-pass fil-
tered samples and E() represents the expectation (mean)
value.

[0045] Fig. 4B shows a folded cumulative distribution
of the power of the low frequency components of the
accelerometer signals for different activities. The signal
curve D1 is for the activity walking and the signal curve
D2 is for the activity running. This feature substantially
reflects the total (low frequency) signal power. This fea-
ture may also be called the RMS vertical amplitude, which
may be obtained by the variance of the signal g:

o(g)

with

g = V(%) + (7o) * (Z)?),

wherein g is the norm of the total low frequency acceler-
ation signal.

[0046] A classifier with more classes, e.g. a six state
classifier as described above (no walking, slow walking,
normal walking, fast walking, running and sprinting),
could be developed based on the same two features.
Since the distributions of the features for the different
classes will be more overlapping than the case of three
classes (no walking, walking and running) more classifi-
cation errors may be made. However, since a misclassi-
fication into an adjacent class (e.qg. classifying slow walk-
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ing as normal walking) will only lead to a relatively small
periodicity error, this can be tolerated.

[0047] Further features that may be useful in the clas-
sification can be found in L. Bao and S. Intille, "Activity
recognition from user-annotated acceleration data," Per-
vasive Computing, vol. 3001, Jan. 2004, pp. 1-17, Foer-
ster F, Smeja M, Fahrenberg J., "Detection of posture
and motion by accelerometry: a validation study in am-
bulatory monitoring," Computers in Human Behavior
1999;15:571-583, and Pober DM, Staudenmayer J, Rap-
hael C, Freedson PS, "Development of novel techniques
to classify physical activity mode using accelerometers,"
Medicine and Science in Sports and Exercise
2006;38:1626-1634.

[0048] Fig. 5 shows a schematic diagram of another
embodiment of a system 1’ and Fig. 6 shows another
embodiment of a device 20’ according to the present in-
vention which may be used in the system 1 or 1'. In the
system 1’ a housing 40 is provided for housing the ac-
celerometer 10, the device 20’ and the output interface
30 to integrate all elements as an integrated wearable
device. Further, a holding element 50, such as a belt or
wrist band, is provided for holding the housing at a body
part of the subject.

[0049] Preferably, the system 1’ further comprises a
data interface 60 for inputting anthropometric data, such
as data about the length, weight, body mass index, gen-
der, age or any other personal data of the person which
may have an impact on the calculation of the number of
cycles. For instance a taller person has a larger step size
than a smaller person which should be taken into account
to further increase the accuracy of the calculation. The
data interface 60 may e.g. be a keyboard, touchscreen
or other means for enabling a user to enter such data
(e.g. on request by the system 1’ when it is used for the
first time). In another embodiment the data interface 20’
may be a means for contacting an external device, such
as a personal record or other data source, e.g. in the
user’s smartphone, storing such anthropometric data, so
that the data interface 60 obtains such data automatical-
ly, e.g. when the system 1’ is personalized for the user.
[0050] In the device 20’ shown in Fig. 6 the input unit
21 is configured to receive anthropometric data of the
subject, e.g. via the data interface 60 or directly as user
input, e.g. via a keyboard or touchscreen.

[0051] Further, the storage 23 is configured to store
two or more tables for different anthropometric data, in
particular for different lengths, weights, body mass index,
gender and/or age, each table including periodicity val-
ues adapted for respective anthropometric data. For in-
stance, there may be separate tables for male and female
users with different values of periodicity for the same
class of activity (e.g. for "walking" the periodicity may be
1.9 for male users and 2.1 for female users), and/or there
may be separate tables for persons with different sizes
e.g. for sizes below 1.4 m, between 1.4 m and 1.6 m,
between 1.6 m and 1.8 m, between 1.8 m and 2 m and
above 2 m, etc. Thus, two or more criteria (i.e. kinds of
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anthropometric data) may be used for selecting the cor-
rect table for the actual user so that the appropriate val-
ues of periodicity are selected based on the classification,
which further increases the accuracy of the calculated
number of cycles.

[0052] As an alternative to storing and selecting a plu-
rality of tables, the correct table for the user may be se-
lected once and (solely) stored on in the storage, e.g.
once the system is personalized. This information may,
however, be updated if another user is going to use the
system.

[0053] In another embodiment the device 20’ (or also
the system 20) further comprises a movement frequency
estimation unit 25 for estimating the movementfrequency
from said accelerometer data. Further, the movement
calculation unit 24 is configured to use said estimated
movement frequency in the calculation of the number of
cycles. On top of the movement state particular features
may be used to adjust the periodicity estimate. One such
feature may be an estimate of the actual frequency. Ex-
periments have shown that this frequency in itself may
not be a reliable parameter due to the discontinuity of the
data. However, having both the knowledge of the classi-
fier on the state, in combination with e.g. a frequency
estimate, may improve the results over the periodicity
obtained from the table. An alternative may be to use
features that are correlated to the frequency. As can be
seen from the folded cumulative distributions of Fig. 4,
some features, that are not directly frequency estimates,
are correlated to the speed and can be used to further
improve the frequency estimate.

[0054] In an embodiment a typical window length for
the classification may e.g. be 15 seconds. This means
that only a total of three seconds are sampled of this 15
seconds window, namely second 1, second 6 and second
11, in the above mentioned example for the sampling of
the accelerometer signal. The sampling frequency during
these three seconds is 20Hz resulting in 60 samples for
an interval (window length used for the classification) of
15 seconds. To get a good frequency estimate based on
this limited data in one embodiment an FFT of each 1
second window x1[n], x6[n] and x11[n], all with n=0, ...,
19, is calculated leading to three spectral representations
X1[K], X6[k] and X11[K]. The amplitude spectrum of these
three spectral representations is then calculated and av-
eraged. In Fig. 7, the corresponding spectra are shown
for the continuous case (signal E1), where the stepping
rate was obviously +/- 2Hz, and the non-continuous case
(signal E2), where also the 2Hz stepping rate can be
estimated from.

[0055] Fig. 8 shows a flow chart of an embodiment of
a method according to the present invention. In a first
step S10 discontinuous accelerometer data over time in-
dicating movement of at least a body part of the subject
are received. In a second step S12 the movement of the
subject is classified into one of several movement class-
es based on said discontinuous accelerometer data,
each movement class being related to a different range
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of speed of the periodic movement. In a third step S 14
a periodicity of the movement class, into which the move-
ment has been classified, is retrieved from a table includ-
ing for each movement class a periodicity value per time
unit. In a fourth step S16 the number of cycles of the
periodic movement of the subject is calculated per time
unit, for a predetermined time or continuously over time
by use of the retrieved periodicity. In the embodiment of
the invention, the method is a computer implemented
method.

[0056] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchiillustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments. Other vari-
ations to the disclosed embodiments can be understood
and effected by those skilled in the art in practicing the
claimed invention, from a study of the drawings, the dis-
closure, and the appended claims.

[0057] In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article
"a" or "an" does not exclude a plurality. A single element
or other unit may fulfill the functions of several items re-
cited in the claims. The mere fact that certain measures
are recited in mutually different dependent claims does
notindicate thata combination of these measures cannot
be used to advantage.

[0058] A computer program may be stored/distributed
on a suitable non-transitory medium, such as an optical
storage medium or a solid-state medium supplied togeth-
er with or as part of other hardware, but may also be
distributed in other forms, such as via the Internet or other
wired or wireless telecommunication systems.

[0059] Any reference signs in the claims should not be
construed as limiting the scope.

Claims

1. Device for counting the number of cycles of a periodic
movement of a subject comprising:

- an input unit (21) for receiving discontinuous
accelerometer data over time indicating move-
ment of at least a body part of the subject,

- a classifier (22) for classifying the movement
of the subject into one of several movement
classes based on said discontinuous acceler-
ometer data, each movement class being relat-
ed to a different range of speed of a periodic
movement,

- a storage (23) for storing a table including for
each movement class a periodicity value per
time unit, and

-amovement calculation unit (24) for calculating
the number of cycles of the periodic movement
of the subject per time unit, for a predetermined
time or continuously over time by use of the pe-
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10.

riodicity of the movement class, into which the
movement has been classified.

Device as claimed in claim 1,

wherein said movement calculation unit (24) is con-
figured to use the periodicity and integrate it over a
time period to obtain the number of cycles during
said time period.

Device as claimed in claim 1,

wherein said storage (23) is configured to store two
or more tables for different anthropometric data, in
particular for different lengths, weights, body mass
index, gender and/or age, each table including peri-
odicity values adapted for respective anthropometric
data, and

wherein said movement calculation unit (24) is con-
figured to select the table for obtaining the periodicity
based on the anthropometric data of the subject.

Device as claimed in claim 3,
wherein said input unit (21) is configured to receive
anthropometric data of the subject.

Device as claimed in claim 1,

wherein said classifier (22) is configured to deter-
mine one or more features indicative of the move-
ment frequency from the accelerometer data and to
use said one or more features for said classification.

Device as claimed in claim 5,

wherein said classifier (22) is configured to use as a
feature the signal power of the high frequency com-
ponents and/or of the low frequency components of
the accelerometer data.

Device as claimed in claim 1,

further comprising a movement frequency estima-
tion unit (25) for estimating the movement frequency
from said accelerometer data,

wherein said movement calculation unit (24) is con-
figured to use said estimated movement frequency
in the calculation of the number of cycles.

Device as claimed in claim 1,

wherein the input unit (21) is configured to obtain
three-dimensional accelerometer data indicating in
three different directions, in particular orthogonal di-
rections.

Device as claimed in claim 1,

wherein the input unit (21) is configured to obtain
samples of accelerometer data acquired atintervals,
in particular at intervals in a range from 2 to 60 sec-
onds.

Device as claimed in claim 1,
wherein the input unit (21) is configured to obtain
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samples of accelerometer data, each sample seg-
ment having a time duration in the range from 0.5 to
5 seconds.

A computer implemented method for counting the
number of cycles of a periodic movement of a subject
comprising:

- receiving, from an accelerometer, discontinu-
ous accelerometer data over time indicating
movement of at least a body part of the subject,
- classifying the movement of the subject into
one of several movement classes based on said
discontinuous accelerometer data, each move-
ment class being related to a different range of
speed of a periodic movement,

- retrieving a periodicity of the movement class,
into which the movement has been classified,
from a table including for each movement class
a periodicity value per time unit, and

- calculating the number of cycles of the periodic
movement of the subject per time unit, for a pre-
determined time or continuously over time by
use of the retrieved periodicity.

System for counting the number of cycles of a peri-
odic movement comprising:

- an accelerometer (10) for acquiring discontin-
uous accelerometer data over time indicating
movement of at least a body part of the subject,
- adevice (20)as defined in claim 1 for determin-
ing the number of cycles of the periodic move-
mentbased on the discontinuous accelerometer
data acquired by the accelerometer,

- an output interface (30) for outputting the de-
termined number of cycles.

System as claimed in claim 12,

further comprising a data interface (60) for obtaining
anthropometric data, wherein the device is config-
ured as defined in claim 3.

System as claimed in claim 12, further comprising:

- a housing (40) for housing the accelerometer,
the device and the output interface and

- a holding element (50) for holding the housing
at a body part of the subject.

A computer program product having computer pro-
gram code embodied therein, when executed by a
processor, causes the method of claim 11 to be per-
formed.
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Patentanspriiche

Vorrichtung zur Z&hlung der Anzahl von Zyklen einer
periodischen Bewegung eines Objekts, umfassend:

- eine Eingabeeinheit (21), um Uber einen Zeit-
raum diskontinuierliche Accelerometerdaten zu
empfangen, welche die Bewegung von zumin-
dest einem Korperteil des Objekts anzeigen,

- einen Klassifizierer (22), um die Bewegung des
Objekts aufgrund der diskontinuierlichen Acce-
lerometerdaten in eine von mehreren Bewe-
gungsklassen zu klassifizieren, wobei jede Be-
wegungsklasse auf einen anderen Geschwin-
digkeitsbereich einer periodischen Bewegung
bezogen ist,

- einen Speicher (23), um eine Tabelle zu spei-
chern, die fir jede Bewegungsklasse einen Pe-
riodizitatswert pro Zeiteinheit enthalt, sowie

- eine Bewegungsberechnungseinheit (24), um
fur einen vorher festgelegten Zeitraum oder im
Zeitablauf kontinuierlich unter Verwendung der
Periodizitat der Bewegungsklasse, in welche die
Bewegung klassifiziert wurde, die Anzahl von
Zyklen der periodischen Bewegung des Objekts
pro Zeiteinheit zu berechnen.

Vorrichtung nah Anspruch 1,

wobei die Bewegungsberechnungseinheit (24) so
konfiguriert ist, dass sie die Periodizitat verwendet
und diese Uber einen Zeitraum integriert, um die An-
zahl von Zyklem wéahrend des besagten Zeitraums
zu erhalten.

Vorrichtung nach Anspruch 1,

wobei der Speicher (23) so konfiguriert ist, dass er
zwei oder mehr Tabellen fiir verschiedene anthro-
pometrische Daten, insbesondere flir verschiedene
Langen, Gewichte, Kérpermasseindex, Geschlecht
und/oder Alter, speichert, wobei jede Tabelle auf je-
weilige anthropometrische Daten abgestimmte Pe-
riodizitatswerte enthalt, und

wobei die Bewegungsberechnungseinheit (24) so
konfiguriert ist, dass sie aufgrund der anthropomet-
rischen Daten des Objekts die Tabelle auswahlt, um
die Periodizitat zu erhalten.

Vorrichtung nach Anspruch 3,

wobei die Eingabeeinheit (21) so konfiguriert ist,
dass sie anthropometrische Daten des Objeks emp-
fangt.

Vorrichtung nach Anspruch 1,

wobei der Klassifizierer (22) so konfiguriert ist, dass
er ein oder mehrere Merkmale ermittelt, die fir die
Bewegungsfrequenz aus den Accelerometerdaten
indikativ sind und dieses eine oder mehrere Merk-
male fur die Klassifizierung verwendet.
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Vorrichtung nach Anspruch 5,

wobei der Klassifizierer (22) so konfiguriert ist, dass
er als ein Merkmal die Signalleistung der Hochfre-
quenzkomponenten und/oder der Niederfrequenz-
komponenten der Accelerometerdaten verwendet.

Vorrichtung nach Anspruch 1,

die weiterhin eine Bewegungsfrequenz-Schatzein-
heit (25) zur Schatzung der Bewegungsfrequenz aus
den Accelerometerdaten umfasst,

wobei die Bewegungsberechnungseinheit (24) so
konfiguriert ist, dass sie die geschatzte Bewegungs-
frequenz bei der Berechnung der Anzahl von Zyklen
verwendet.

Vorrichtung nach Anspruch 1,

wobei die Eingabeeinheit (21) so konfiguriert ist,
dass sie dreidimensionale, in drei verschiedenen
Richtungen, insbesondere orthogonalen Richtun-
gen, anzeigende Accelerometerdaten erhalt.

Vorrichtung nach Anspruch 1,

wobei die Eingabeeinheit (21) so konfiguriert ist,
dass sie Abtastwerte von Accelerometerdaten er-
halt, die in Intervallen, insbesondere in Intervallen in
einem Bereich von 2 bis 60 Sekunden, erfasst wer-
den.

Vorrichtung nach Anspruch 1,

wobei die Eingabeeinheit (21) so konfiguriert ist,
dass sie Abtastwerte von Accelerometerdaten er-
halt, wobei jedes Abtastwertsegment eine Zeitdauer
in dem Bereich von 0,5 bis 5 Sekunden aufweist.

Computerimplementiertes Verfahren zur Zahlung
der Anzahlvon Zyklen einer periodischen Bewegung
eines Objekts, wonach:

- von einem Accelerometer diskontinuierliche
Accelerometerdaten iber einen Zeitraum emp-
fangen werden, welche die Bewegung von zu-
mindest einem Koérperteil des Objekts anzeigen,
- die Bewegung des Objekts aufgrund der dis-
kontinuierlichen Accelerometerdaten in eine
von mehreren Bewegungsklassen klassifiziert
wird, wobei jede Bewegungsklasse auf einen
anderen Geschwindigkeitsbereich einer perio-
dischen Bewegung bezogen ist,

- eine Periodizitat der Bewegungsklasse, in wel-
che die Bewegung klassifiziert wurde, aus einer
Tabelle abgerufen wird, die fir jede Bewe-
gungsklasse einen Periodizitdtswert pro Zeit-
einheit enthalt, und

- fir einen vorher festgelegten Zeitraum oder im
Zeitablauf kontinuierlich die Anzahl von Zyklen
der periodischen Bewegung des Objekts pro
Zeiteinheit unter Verwendung der Periodizitat
berechnet wird.
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System zur Zahlung der Anzahl von Zyklen einer pe-
riodischen Bewegung, umfassend:

- ein Accelerometer (10), um diskontinuierliche
Accelerometerdaten Uber einen Zeitraum zu
empfangen, welche die Bewegung von zumin-
dest einem Korperteil des Objekts anzeigen,

- eine Vorrichtung (20) nach Anspruch 1, um die
Anzahl von Zyklen der periodischen Bewegung
aufgrund der von dem Accelerometer erfassten,
diskontinuierlichen Accelerometerdaten zu er-
mitteln,

- eine Ausgabeschnittstelle (30) zur Ausgabe
der ermittelten Anzahl von Zyklen.

System nach Anspruch 12,

das weiterhin eine Datenschnittstelle (60) zum Emp-
fangen anthropometrischer Daten umfasst, wobei
die Vorrichtung nach Anspruch 3 konfiguriert ist.

System nach Anspruch 12, weiterhin umfassend:

- ein Gehause (40) zur Aufnahme des Accele-
rometers, der Vorrichtung und der Ausgabe-
schnittstelle, sowie

- ein Haltelement (50), um das Gehause an ei-
nem Koérperteil des Objekts zu halten.

Computerprogrammprodukt mit in diesem enthalte-
nem Computerprogrammcode, um bei Ausfiihrung
durch einen Prozessor das Verfahren nach An-
spruch 11 durchzuflihren.

Revendications

1.

Dispositif permettant de dénombrer le nombre de
cycles d’'un mouvement périodique d’un sujet
comprenant :

- une unité d’entrée (21) permettant de recevoir
des données d’accéléromeétre discontinues au
cours du temps indiquant un mouvement d’au
moins une partie du corps du sujet,

- un classificateur (22) permettant de classifier
le mouvement du sujet en I'une de plusieurs
classes de mouvement sur la base desdites
données d’accéléromeétre discontinues, chaque
classe de mouvement étant relative a une plage
différente de vitesses d’'un mouvement périodi-
que,

- un stockage (23) permettant de stocker une
table incluant pour chaque classe de mouve-
ment une valeur de périodicité par unité de
temps, et

- une unité de calcul de mouvement (24) per-
mettantde calculerle nombre de cycles du mou-
vement périodique du sujet par unité de temps,
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pendant un temps prédéterminé ou en continu
au cours du temps par I'utilisation de la périodi-
cité de la classe de mouvement, dans laquelle
le mouvement a été classifié.

Dispositif selon la revendication 1,

dans lequel ladite unité de calcul de mouvement (24)
est configurée pour utiliser la périodicité et I'intégrer
sur une période de temps pour obtenir le nombre de
cycles pendant ladite période de temps.

Dispositif selon la revendication 1,

dans lequel ledit stockage (23) est configuré pour
stocker deux tables ou plus pour des données an-
thropométriques différentes, en particulier pour des
longueurs, des poids, des indices de masse corpo-
relle, un genre et/ou un age différents, chaque table
incluant des valeurs de périodicité adaptées pour
des données anthropométriques respectives, et
dans lequel ladite unité de calcul de mouvement (24)
est configurée pour sélectionner latable en vue d’ob-
tenir la périodicité sur la base des données anthro-
pométriques du sujet.

Dispositif selon la revendication 3,

dans lequel ladite unité d’entrée (21) est configurée
pour recevoir des données anthropométriques du
sujet.

Dispositif selon la revendication 1,

dans lequel ledit classificateur (22) est configuré
pour déterminer une ou plusieurs particularités indi-
catives de la fréquence de mouvement a partir des
données d’accélérometre et pour utiliser lesdites
une ou plusieurs particularités pour ladite classifica-
tion.

Dispositif selon la revendication 5,

dans lequel ledit classificateur (22) est configuré
pour utiliser comme particularité la puissance de si-
gnal des composantes haute fréquence et/ou des
composantes basse fréquence des données d’ac-
célérometre.

Dispositif selon la revendication 1,

comprenant en outre une unité d’estimation de fré-
quence de mouvement (25) permettant d’estimer la
fréquence de mouvement a partir desdites données
d’accélérométre,

dans lequel ladite unité de calcul de mouvement (24)
est configurée pour utiliser ladite fréquence de mou-
vement estimée dans le calcul du nombre de cycles.

Dispositif selon la revendication 1,

dans lequel l'unité d’entrée (21) est configurée pour
obtenir les données d’accélérométre tridimension-
nelles indiquant dans trois directions différentes, en
particulier des directions orthogonales.
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Dispositif selon la revendication 1,

dans lequel l'unité d’entrée (21) est configurée pour
obtenir des échantillons de données d’accélérome-
tre acquises a des intervalles, en particulier a des
intervalles dans une plage de 2 a 60 secondes.

Dispositif selon la revendication 1,
dans lequel l'unité d’entrée (21) est configurée pour
obtenir des échantillons de données d’accélérome-
tre, chaque segment d’échantillon ayant une durée
dans la plage de 0,5 a 5 secondes.

Procédé implémenté par ordinateur permettant de
dénombrer le nombre cycles d’'un mouvement pé-
riodique d’un sujet comprenant :

- la réception, depuis un accélérométre, de don-
nées d’accélérometre discontinues au cours du
temps indiquant un mouvement d’au moins une
partie du corps du sujet,

- la classification du mouvement du sujet en une
ou plusieurs classes de mouvement sur la base
desdites données d’accélérometre disconti-
nues, chaque classe de mouvement étant rela-
tive a une plage différente de vitesses d’'un mou-
vement périodique,

- la récupération d’'une périodicité de la classe
de mouvement, dans laquelle le mouvement a
été classifié, a partir d’'une table incluant pour
chaque classe de mouvement une valeur de pé-
riodicité par unité de temps, et

- le calcul du nombre de cycles du mouvement
périodique du sujet par unité de temps, pendant
un temps prédéterminé ou en continu au cours
du temps par l'utilisation de la périodicité récu-
pérée.

Systéme de dénombrement du nombre de cycles
d’un mouvement périodique comprenant :

- un accéléromeétre (10) destiné a acquérir des
données d’accéléromeétre discontinues au cours
du temps indiquant un mouvement d’au moins
une partie du corps du sujet,

- un dispositif (20) tel que défini dans la reven-
dication 1 destiné a déterminer le nombre de
cycles du mouvement périodique sur la base
des données d’accélérometre discontinues ac-
quises par I'accélérométre,

- une interface de sortie (30) destinée a produire
en sortie le nombre déterminé de cycles.

Systéme selon la revendication 12,

comprenant en outre une interface de données (60)
permettant d’obtenir des données anthropométri-
ques, dans lequel le dispositif est configuré comme
défini dans la revendication 3.
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Systeme selon la revendication 12, comprenant en
outre :

- un logement (40) destiné a loger 'accéléromeé-
tre, le dispositif et l'interface de sortie et

- un élément de tenue (50) destiné a tenir le lo-
gement au niveau d’une partie du corps du sujet.

Produit programme d’ordinateur ayant un code de
programme d’ordinateur intégré, qui lorsqu’il est
exécuté par un processeur, amene le procédé de la
revendication 11 a étre réalisé.
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