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Description

Field

[0001] The present invention concerns a method for
determining an instant velocity of a user when walking
or running using a sensing device destined to be worn
on an arm of the user. The invention also related to using
the instant velocity to improve a heart rate estimation
measured with a heart rate sensor.

Description of related art

[0002] Following the increasing market demand, dif-
ferent systems to estimate the speed of a runner (jogger,
walker, etc.) have recently been developed. Such sys-
tems make use of different measurement principles, such
as accelerometer measurement, the use of GPS, meas-
uring Doppler radar or the principle of the pedometer.
[0003] Portable devices for estimating a speed of a run-
ner usually comprise an accelerometer that is arranged
such as to measure a vertical component of the acceler-
ation. To that end, the accelerometer is placed on the
shoe of the user or fastened to an ankle or knee of the
user.
[0004] Other known methods for determining the
speed of a runner use a measuring device that is located
close to the runner’s center of gravity. For example, an
accelerometer can be fastened by means of a belt or clip
close to the runner’s center of gravity, such as the user’s
torso or head. Pedometers attachable to the pelvis or
footwear and based on mechanical pendulums or accel-
erometers are also reported.
[0005] In EP1862765, an inertial sensor is placed in a
wristwatch device at the wrists of a runner. However, the
device is used solely for measuring the step frequency
associated with the user’s stepping. Indeed, the arms
follow a very different trajectory from that of the user’s
center of mass and even briefly return backwards at each
step. Such devices are possibly useful for approximately
evaluating the distance travelled or the number of calo-
ries expended during a running session, but are however
incapable of analyzing step length accurately and, con-
sequently the user’s speed.
[0006] US2012083705 discloses an activity monitor-
ing system comprising a fixture having size/shape adapt-
ed to couple to a location on the user’s body and a par-
ticular signature; and a portable monitoring device adapt-
ed to detect the fixture’s particular signature. The moni-
toring device includes a housing that is adapted to en-
gage the fixture; activity sensors, disposed in the hous-
ing, to detect activity of the user and to generate data
which is representative of the activity of the user; and
processing circuitry, disposed in the housing, to calculate
an activity-related quantity of the user using the data
which is representative of the activity of the user, wherein
the processing circuitry determines the monitoring device
is engaging the fixture by detecting the fixture’s particular

signature, and, in response thereto, calculates the activ-
ity-related quantity using data from a set of the activity
sensors.
[0007] US2012006112 discloses a method and appa-
ratus of a portable terminal estimate a step length of a
pedestrian. An accelerometer detects acceleration
caused by a movement of the portable terminal as a pe-
destrian carrying the portable terminal walks. A gyro-
scope detects angular velocity caused by the movement
of the portable terminal as the pedestrian walks. A con-
troller determines a magnitude of a swinging motion of
the portable terminal by using at least one of the detected
acceleration and angular velocity, determines that the
portable terminal makes the swinging motion when the
magnitude of the swinging motion is equal to or greater
than a predetermined value, determines a carrying posi-
tion of the portable terminal in the pedestrian’s body by
using at least one of the detected acceleration and an-
gular velocity, and estimates a step length of the pedes-
trian according to the determined carrying position of the
portable terminal.
[0008] US2013080255 discloses step detection and
step length estimation techniques include detecting sa-
lient points in sensor data of one or more sensors. A step
frequency is estimated based on a time interval between
the detected salient points. A step length of the step may
then be computed based on a nonlinear combination of
the estimated step frequency and a function of the sensor
data, and/or a step model. Alternatively, the step length
of the step may be computed based on a combination of
a nonlinear function of the estimated step frequency and
a (linear or nonlinear) function of the sensor data, and/or
a step model.
[0009] The publication Tracking Fitness With the
"Heart Rate-Running Speed Index" by Alex Hutchinson
discloses an index which represents the different be-
tween the average speed of a run of a user to a theoretical
speed calculated based on average heat rate of the user
during the run. If the actual speed is faster than the pre-
dicted speed, it suggests an improvement in fitness since
the baseline value of the index was calculated.

Summary

[0010] One aim of the present invention is to propose
a method free from the limitations of the known methods,
in particular a method that makes it possible to determine
in a simple manner a velocity of a runner (or walker) using
a motion signal measured at the wrist of the user.
[0011] These aims are achieved notably by a method
according to the claims. Preferred embodiments are de-
scribed in the dependent claims.
[0012] In an embodiment, the instant velocity is used
for estimating an a priori heart rate of the user, a distance
travelled by the user, or an energy expenditure of the
user.
[0013] In another embodiment, the proposed system
is used in conjunction with an optical measurement sys-
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tem. An a priori estimation of the current heart rate in
obtained by the combination of the estimated velocity
and a model that relates heart rate and velocity. This a
priori heart rate is then used to improve the robustness
of the estimation of the heart rate using the optical signals
when their quality is poor. Controversy, when the quality
of the optical signals is good the model relating the ve-
locity to the a priori heart rate is adapted to the specifici-
ties of the user.

Brief Description of the Drawings

[0014] The invention will be better understood with the
aid of the description of an embodiment given by way of
example and illustrated by the figures, in which:
Fig. 1 illustrates schematically a sensor device for meas-
uring a motion signal representative of the user’s move-
ments and a photoplethysmographic signal.

Detailed Description of possible embodiments

[0015] Fig. 1 illustrates schematically a sensor device
1 suitable for wearing on a wrist of user comprises a
motion sensor 2 for measuring a motion signal represent-
ative of the user’s movements. In the example of Fig. 1,
the sensor device 1 is shown comprising a housing 10
and a strap 5 for attaching the sensor device 1 on the
user’s wrist. The motion sensor 2 is preferably adapted
for measuring motion in three dimensions. For example,
the motion sensor 2 can be a three dimensional accel-
erometer such as a MEMS-based accelerometer adapt-
ed to deliver an acceleration (or motion) signal along
three axes. It will however be appreciated that other types
of accelerometers or motion detecting devices can be
used provided they deliver a reliable measure of motion.
For example, the motion sensor 2 could be a gyro-sensor
of any suitable technology incorporating a one or multi-
dimensional accelerometer, or a rotating or vibrating. The
motion sensor 2 can further comprise an ADC module
(not shown) outputting acquired motion signal.
[0016] Although the sensor device 1 is shown as being
worn on a wrist of the user, it is understood that the sensor
device 1 is adapted to be worn on an arm of the user. A
different calibration factor for the sensor device 1 could
however be needed depending on the possible different
locations of the sensor device 1 on the arm.
[0017] Calculating an activity level of the user using
the measured motion signal is carried out by calculating
an energy value from the motion signal, for example using
the norm of the motion signal. The calculated energy val-
ue is compared with a threshold energy such that when
the calculated energy value is equal or below the thresh-
old energy the user can be considered at rest. Converse-
ly, when the calculated energy value is above the thresh-
old energy the user is considered as performing an ac-
tivity.
[0018] In the case the calculated energy value is above
the threshold energy, calculating an activity level further

comprises detecting segments of the measured motion
signal having rhythmical characteristics, for example, by
frequency spectral analysis of the motion signal. The fun-
damental movement frequency is then extracted from
the motion signal through one of the following technique:
zero-crossing, parametric or non-parametric spectral es-
timation, autocorrelation, recurrence plots, and adaptive
filters.
[0019] The fundamental movement frequency is then
combined with the calculated energy in order to differen-
tiate between an activity level of the user corresponding
to walking, running or another type of rhythmical activity.
For example, the ratio of the fundamental movement fre-
quency over the calculated energy can be used for iden-
tifying when the user is walking or running. The classifi-
cation of the activity when a rhythmical motion is detected
is based on two features: the amplitude of the motion and
the motion frequency. The orientation of the device in the
gravity field is used as an additional feature (generally
the fore-arm is close to vertical during walking and close
to horizontal during running). Classical classification
methods such as Bayesian classifiers, artificial neural
network (ANN) of hidden Markov models (HMM) can be
used. If not explicitly included in the model (such as in
HMM) constraints have to be applied to the output of the
classification system in order to discard short duration
events (such as checking the display of the device) that
would result in misclassification errors and lead to erro-
neous estimation of the estimated velocity.
[0020] During walking or running, the position of the
user’s legs relatively to the floor can be divided into two
phases: on-floor (impact of the user’s foot on the ground)
and off-floor (propulsive impulsion of the user’s step or
propulsive phase). This alternate of impact and propul-
sive phases produce a rotation moment on the trunk that
has to be compensated in order to provide an efficient
locomotion. This compensation is provided by a counter-
moment provided by the arms moving in anti-phase with
the legs. The estimation of the counter-moment produced
by the arms is related to the moment produced by the
impact and the propulsion phases of the legs. The com-
pensation further depends on the mass and the length
of the user’s arms as well as on the angle of the elbow.
The inertia moment is related to the mass distribution
relatively to the center of rotation. The arm has two de-
grees of freedom: the shoulder and the elbow. The shoul-
der is the center of rotation for the damping system (arm).
Depending on the velocity and on the walking/running
preferences of the user the elbow’s angle can vary be-
tween approximately 180° (generally during walking ac-
tivity) and approximately 90° (generally during running
activity). The changes of the elbow’s angle modify the
mass distribution relatively to the shoulder rotation center
and therefore modify the inertia moment of the arm. In
the present invention the orientation of the motion sensor
2 relatively to the gravity field is used to estimate the
angle of the elbow and to compensate the value of the
inertia moment of the arm accordingly.
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[0021] In an embodiment, the bio-mechanical model
comprises an active damper model wherein the arms act
as an active damper of the torque produced by the pro-
pulsive phase of the legs. The angle of the elbow can be
used in the active damper model to compensate the in-
ertia moment of the arm accordingly to the different po-
sition of the arm. For example, the arm positions are dif-
ferent between walking and running.
[0022] The step frequency is estimated by using the
motion features. The step frequency can be estimated
either by the estimation of time intervals between repet-
itive events in the acceleration signal (e.g. maxima, mini-
ma or zero-crossings), by applying an adaptive filter to
track the dominant frequency or by applying a spectral
transformation such as Fourier transform and by deter-
mining the dominant frequency.
[0023] The step length is dependent on the user, i.e.,
user’s leg length, user’s weight, user’s running style, etc.
Therefore, a user-relative step length is first estimated
by using the motion features. A step length can then be
determined by using a user-specific calibration. For ex-
ample, the user-relative step length can be multiplied by
a user-specific calibration factor.
[0024] The user-specific calibration factor can be ob-
tained by performing a calibration session where an av-
erage velocity is measured. The user-specific calibration
factor is then calculated as the ratio of the measured
average velocity over the user-relative instant. Alterna-
tively, the calibration factor is obtained by performing a
calibration session where a distance travelled by the user
is measured. The calibration factor is then calculated as
the ratio of the measured distance over a user-relative
distance.
[0025] In another variant, the calibration factor is esti-
mated by using morphological parameters of the user in
combination with an empirically determined model. The
model has to be determined by using measurements
from a sufficiently large population of users that spans
over the selected set of morphological parameters. The
morphological parameters can comprise any one of: gen-
der, age, weight, height, legs’ length of the user, or a
combination of two or more of the parameters.
[0026] The user-relative instant velocity can be deter-
mined by multiplying the estimated step frequency with
the estimated step length. The instant velocity is obtained
by multiplying the relative velocity by the calibration fac-
tor.
[0027] In an embodiment, the distance travelled by the
user is estimated by using the instant velocity. The esti-
mated distance can then be used for estimating the step
length.
[0028] In another embodiment, an energy expenditure
of the user is calculated using the instant velocity. For
example, the user’s energy expenditure can correspond
to the instant velocity multiplied by the weight of the user.
[0029] In yet another embodiment, the method further
comprises a step of estimating an a priori heart rate of
the user using the determined instant velocity and a mod-

el relating the heart rate value with the instant velocity.
The a priori heart rate can be determined using a linear
or non-linear relationship between the determined instant
velocity and the heart rate value. The relationship be-
tween velocity and heart rate can be identified using re-
cordings of a representative population of users for dif-
ferent running speeds. Since such regressions are user
dependent, the method can further comprise the step of
using a physiological model including one of age, gender,
weight or height of the user.
[0030] In yet another embodiment, the sensing device
1 further comprises a heart rate sensor for measuring a
heart rate signal when the sensing device 1 is worn on
the arm of the user. The heart rate sensor can be any
suitable device for measuring a heart rate signal such as
a photoplethysmographic sensor, an electrocardiogram
(ECG) or any heart rate estimation system. The a priori
heart rate can then be used as additional information
about heart rate to improve the measured heart rate es-
timated from the heart rate signal when the quality of the
heart rate signal degrades. In the example of Fig. 1, the
heart rate sensor is a photoplethysmographic (PPG) sen-
sor 3, 4 adapted to measure a PPG signal when the sens-
ing device 1 is worn on the user’s arm. The motion sensor
2 and the heart rate sensor can be placed in the sensor
device 1 such as to form an integrated sensor device. In
this latter configuration, the motion signal is better cor-
related with the measured PPG signal than if the motion
sensor 2 is placed further from the multichannel PPG
sensor.
[0031] A reliability of the measured heart rate can be
determined such as to determine when the measured
heart rate reliable or unreliable (for example due to mo-
tion artifacts). In the case where the measured heart rate
is unreliable, the a priori heart rate can be used in com-
bination with the measured heart rate such as to obtain
a more robust value for the measured heart rate.
[0032] The a priori heart rate supplies additional infor-
mation for the estimation of the measured heart rate. For
example, when the heart rate sensor fails to estimate the
measured heart rate with sufficient reliability, the a priori
heart rate can be used to improve the performance of
the heart rate sensor. On the other hand, when the heart
rate sensor estimates a measured heart rate with suffi-
cient reliability, the measured heart rate obtained from
the heart rate sensor can be used alone. Such a reliable
measured heart rate obtained during walking or running
can be used to adapt the model relating the velocity to
the motion heart rate to the user’s specificities.
[0033] In an embodiment, the a priori heart rate is used
to filter the measured heart rate around the value of the
a priori heart rate.
[0034] In an embodiment not represented, the sensor
device 1 further comprises a display arranged for dis-
playing the measured heart rate and/or a priori heart rate.
The display can be arranged on the arm of the user, for
example by being integrated to the sensor device 1 itself,
or in any other location of the user. The display can be
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further arranged for displaying any other information in-
cluding the calculated activity level, the determined in-
stantaneous velocity, the energy expenditure, or the es-
timated travelled distance.

Reference numbers

[0035]

1 sensor device
2 motion sensor
3 light source
4 optical receiver
5 strap
10 housing
A first axe
B second axe

Claims

1. Method for determining an instant velocity of a user
using a sensing device (1) destined to be worn on
an arm of the user and comprising a motion sensor
(2) for measuring and delivering a motion signal rep-
resentative of the user’s movements when the sens-
ing device (1) is worn; the method comprising:

measuring the motion signal;
calculating an activity level of the user by calcu-
lating an energy value from the measured mo-
tion signal;
comparing the calculated energy value with a
threshold energy;
in the case the calculated energy value is above
the threshold energy, detecting segments of the
measured motion signal having rhythmical char-
acteristics and, based thereon, estimating a fun-
damental movement frequency of the user from
the measured motion signal;
identifying when the user is walking or running
by combining the calculated energy value of the
user using the measured motion signal and the
fundamental movement frequency, identifying
when the user is walking or running being based
on two features including the amplitude of the
motion and the motion frequency and on another
feature being the orientation of the sensing de-
vice in the gravity field;
when the user is walking or running, providing
a relationship between the measured motion
signal and corresponding motion features that
relate to a propulsive phase of a user’s step al-
ternating with an impact of the user’s foot on the
ground by using a bio-mechanical model of hu-
man locomotion;
wherein said bio-mechanical model comprises
an estimation of the counter-moment produced

by the arms in relation to the moment produced
by the impact and the propulsion phases of the
legs; and
wherein the method further comprises the step
of estimating the angle of the arm’s elbow by
using said another feature being the orientation
of the sensing device, comprising the motion
sensor (2), in the gravity field;
estimating a frequency of the user’s step and
estimating a user-relative step length of the us-
er’s step using the motion features;
determining a user-relative instant velocity by
combining the estimated user’s step frequency
and the estimated user-relative step length; and
determining the instant velocity by multiplying
the user-relative instant velocity by a calibration
factor.

2. Method according to claim 1,
wherein the calibration factor is determined using
one of: cumulated distance when the user is walking
or running, average velocity of the user when walking
or running, or a morphological parameter of the user.

3. Method according to claim 1,
wherein said model comprises an active damper
model provided by the motion of the arm.

4. Method according to claim 1 or 2,
wherein said estimating a step frequency comprises
identifying a time of impact of the user’s foot using
the motion features in combination with a mass-
spring model.

5. Method according to any one of claims 1 to 3,
wherein said estimating a user-relative step length
further comprises using a calibration measurement
taken at the determined instant velocity or at an es-
timated travelled distance by the user.

6. Method according to any one of claims 1 to 4,
wherein combining the estimated step frequency
and the estimated user-relative step length compris-
es multiplying the estimated step frequency with the
estimated user-relative step length.

7. Method according to any one of claims 1 to 5,
further comprising multiplying the estimated user-
relative step length by the calibration factor.

8. Method according to claim 6,
wherein the calibration factor is obtained by meas-
uring an average velocity or a distance travelled by
the user when the user is walking or running.

9. Method according to claim 6,
wherein the calibration factor is estimated by using
morphological parameters of the user in combination
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with an empirically determined model.

10. Method according to any one of claims 1 to 9,
further comprising estimating an a priori heart rate
of the user by using the determined instant velocity
and a model relating a heart rate value with the in-
stant velocity.

11. Method according to claim 10,
wherein the model comprises a linear or a non-linear
relationship between the determined instant velocity
and said heart rate value.

12. Method according to claim 10,
wherein the model comprises a physiological model
including one of age, gender, weight or height of the
user.

13. Method according to any one of claims 10 or 12,
wherein the sensing device (1) further comprises a
heart rate sensor (4, 5) adapted to measure a heart
rate signal when the sensing device (1) is worn; and
wherein the method further comprises measuring
the heart rate signal and estimating a measured
heart rate from the measured heart rate signal.

14. Method according to claim 13,
wherein said estimating a measured heart rate com-
prises determining a reliability of the measured heart
rate; and
wherein the a priori heart rate is used in combination
with the measured heart rate when the measured
heart rate is unreliable.

15. Method according to claim 14,
further comprising user-specifically adapting the
model by using the measured heart rate when the
measured heart rate is reliable.

16. Method according to any one of claims 1 to 12,
further comprising estimating a distance travelled by
the user by using the integration of the determined
instant velocity.

17. Method according to any one of claims 1 to 13,
further comprising calculating an energy expenditure
of the user by using the determined instant velocity.

Patentansprüche

1. Verfahren zum Bestimmen einer augenblicklichen
Geschwindigkeit eines Benutzers unter Verwen-
dung einer Erfassungsvorrichtung (1), welche dazu
bestimmt ist, an einem Arm des Benutzers getragen
zu werden, und umfassend einen Bewegungssensor
(2) zum Messen und Liefern eines Bewegungssig-
nals, das die Bewegungen des Benutzers darstellt,

wenn die Erfassungsvorrichtung (1) getragen wird;
wobei das Verfahren umfasst:

Messen des Bewegungssignals;
Berechnen eines Aktivitätsniveaus des Benut-
zers durch Berechnung eines Energiewerts auf-
grund des gemessenen Bewegungssignals;
Vergleichen des berechneten Energiewerts mit
einer Schwellenenergie;
im Fall, wo der berechnete Energiewert über der
Schwellenenergie liegt, Ermitteln von Segmen-
ten des gemessenen Bewegungssignals mit
rhythmischen Eigenschaften und, aufgrund da-
von, Schätzen einer Grundbewegungsfrequenz
des Benutzers aufgrund des gemessenen Be-
wegungssignals;
Identifizieren, wann der Benutzer geht oder
läuft, durch Kombinieren des gemessenen Be-
wegungssignals und der Grundbewegungsfre-
quenz; wobei das Identifizieren, wann der Be-
nutzer geht oder läuft, auf zwei Merkmalen ba-
siert, einschliesslich Amplitude der Bewegung
und Bewegungsfrequenz, und auf einem ande-
ren Merkmal, welche die Orientierung der Erfas-
sungsvorrichtung im Gravitationsfeld ist;
wenn der Benutzer geht oder läuft, Bereitstellen
einer Beziehung zwischen dem gemessenen
Bewegungssignal und entsprechenden Bewe-
gungsmerkmalen, welche sich auf einer Antrieb-
sphase eines Schrittes eines Benutzers bezieht,
abwechselnd mit einem Aufprall des Fusses des
Benutzers auf dem Grund, unter Verwendung
eines biomechanischen Modells der menschli-
chen Fortbewegung;
worin das besagte biomechanische Modell eine
Schätzung eines durch die Arme erzeugten Ge-
genmoments in Bezug auf den durch den Auf-
prall und die Antriebsphasen der Beine erzeug-
ten Moment umfasst; und
worin das Verfahren zudem den Schritt umfasst,
den Winkel des Armenellbogens zu schätzen,
unter Verwendung des besagten anderen Merk-
mals, welche die Orientierung der Erfassungs-
vorrichtung mit dem Bewegungssensor (2) im
Gravitationsfeld ist;
Schätzen einer Schrittfrequenz des Benutzers
und Schätzen einer benutzerspezifischen
Schrittlänge des Schrittes des Benutzers unter
Verwendung der Bewegungsmerkmale;
Bestimmen einer benutzerspezifischen augen-
blicklichen Geschwindigkeit durch Kombinieren
der geschätzten Schrittfrequenz des Benutzers
und der geschätzten benutzerrelevanten
Schrittlänge; und
Bestimmen der augenblicklichen Geschwindig-
keit durch Multiplizieren der benutzerspezifi-
schen augenblicklichen Geschwindigkeit durch
einen Kalibrierungsfaktor.
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2. Verfahren gemäss Anspruch 1, worin der Kalibrie-
rungsfaktor unter Verwendung einer der folgenden
Methoden bestimmt wird: kumulierte Distanz beim
Gehen oder Laufen des Benutzers, durchschnittli-
che Geschwindigkeit des Benutzers beim Gehen
oder Laufen, oder einen morphologischen Parame-
ter des Benutzers.

3. Verfahren gemäss Anspruch 1, worin das besagte
Modell ein aktives Dämpfermodell umfasst, das
durch die Bewegung des Arms geliefert wird.

4. Verfahren gemäss Anspruch 1 oder 2, worin das be-
sagte Schätzen einer Schrittfrequenz das Identifizie-
ren einer Aufprallzeit des Fusses des Benutzers un-
ter Verwendung der Bewegungsmerkmale in Kom-
bination mit einem Masse-Feder-Modell umfasst.

5. Verfahren gemäss einem der Ansprüche 1 bis 3, wo-
rin das besagte Schätzen einer benutzerspezifi-
schen Schrittlänge zudem das Verwenden einer Ka-
librierungsmessung umfasst, welche bei der ermit-
telten augenblicklichen Geschwindigkeit oder bei ei-
ner geschätzten, durch den Benutzer zurückgeleg-
ten Distanz.

6. Verfahren gemäss einem der Ansprüche 1 bis 4, wo-
rin das Kombinieren der geschätzten Schrittfre-
quenz und der geschätzten benutzerspezifischen
Schrittlänge das Multiplizieren der geschätzten
Schrittfrequenz mit der geschätzten benutzerspezi-
fischen Schrittlänge umfasst.

7. Verfahren gemäss einem der Ansprüche 1 bis 5, zu-
dem umfassend das Multiplizieren der geschätzten
benutzerspezifischen Schrittlänge mit einem Kalib-
rierungsfaktor.

8. Verfahren gemäss Anspruch 6, worin der Kalibrie-
rungsfaktor durch Messen einer Durchschnittsge-
schwindigkeit oder einer durch den Benutzer zurück-
gelegten Distanz beim Gehen oder Laufen des Be-
nutzers erhalten wird.

9. Verfahren gemäss Anspruch 6, worin der Kalibrie-
rungsfaktor unter Verwendung morphologischer Pa-
rameter des Benutzers in Kombination mit einem
empirisch bestimmten Modell geschätzt wird.

10. Verfahren gemäss einem der Ansprüche 1 bis 9, zu-
dem umfassend das Schätzen einer A-priori-Herz-
frequenz des Benutzers unter Verwendung der er-
mittelten augenblicklichen Geschwindigkeit und ei-
nes Modells, das einen Herzfrequenzwert mit der
augenblicklichen Geschwindigkeit in Beziehung
setzt.

11. Verfahren gemäss Anspruch 10, worin das Modell

eine lineare oder eine nichtlineare Beziehung zwi-
schen der ermittelten augenblicklichen Geschwin-
digkeit und dem Herzfrequenzwert umfasst.

12. Verfahren gemäss Anspruch 10, worin das Modell
ein physiologisches Modell umfasst, welches Alter,
Geschlecht, Gewicht oder Grösse des Benutzers
umfasst.

13. Verfahren gemäss einem der Ansprüche 10 oder 12,
worin die Erfassungsvorrichtung (1) zudem einen
Herzfrequenzsensor (4, 5) umfasst, welcher dazu
ausgelegt ist, ein Herzfrequenzsignal zu messen,
wenn die Erfassungsvorrichtung (1) getragen wird;
und worin das Verfahren zudem das Messen des
Herzfrequenzsignals und das Schätzen einer ge-
messenen Herzfrequenz aus dem gemessenen
Herzfrequenzsignal umfasst.

14. Verfahren gemäss Anspruch 13, worin das besagte
Schätzen einer gemessenen Herzfrequenz das Be-
stimmen einer Zuverlässigkeit der gemessenen
Herzfrequenz umfasst; und worin die A-Priori-Herz-
frequenz in Kombination mit der gemessenen Herz-
frequenz verwendet wird, wenn die gemessene
Herzfrequenz unzuverlässig ist.

15. Verfahren gemäss Anspruch 14, zudem umfassend
das benutzerspezifische Anpassen des Modells un-
ter Verwendung der gemessenen Herzfrequenz,
wenn die gemessene Herzfrequenz zuverlässig ist.

16. Verfahren gemäss einem der Ansprüche 1 bis 12,
zudem umfassend das Schätzen einer vom Benut-
zer zurückgelegten Distanz unter Verwendung der
Integration der ermittelten augenblicklichen Ge-
schwindigkeit.

17. Verfahren gemäss einem der Ansprüche 1 bis 13,
zudem umfassend das Berechnen eines Energie-
verbrauchs des Benutzers unter Verwendung der er-
mittelten augenblicklichen Geschwindigkeit.

Revendications

1. Procédé de détermination de la vitesse instantanée
d’un utilisateur à l’aide d’un dispositif de détection
(1) destiné à être porté sur un bras de l’utilisateur et
comprenant un capteur de mouvement (2) pour me-
surer et délivrer un signal de mouvement représen-
tant les mouvements de l’utilisateur lorsque le dis-
positif de détection (1) est porté; le procédé compre-
nant:

de mesurer le signal de mouvement;
de calculer un niveau d’activité de l’utilisateur
en calculant une valeur énergétique à partir du
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signal de mouvement mesuré ;
de comparer la valeur énergétique calculée
avec une énergie de seuil ;
dans le cas où la valeur énergétique calculée
est supérieure à l’énergie de seuil, de détecter
des segments du signal de mouvement mesuré
ayant des caractéristiques rythmiques et, sur
cette base, d’estimer une fréquence de mouve-
ment fondamentale de l’utilisateur à partir du si-
gnal de mouvement mesuré ;
d’identifier lorsque l’utilisateur marche ou court
en combinant la valeur énergétique calculée de
l’utilisateur au moyen du signal de mouvement
mesuré et de la fréquence de mouvement fon-
damentale, le fait d’identifier lorsque l’utilisateur
marche ou court étant basé sur deux caracté-
ristiques y compris l’amplitude du mouvement
et la fréquence du mouvement et sur une autre
caractéristique, étant l’orientation du dispositif
de détection dans le champ gravitationnel ;
lorsque l’utilisateur marche ou court, d’établir
une relation entre le signal de mouvement me-
suré et les caractéristiques de mouvement cor-
respondantes qui se rapportent à une phase de
propulsion du pas de l’utilisateur avec un impact
du pied de l’utilisateur sur le sol en utilisant un
modèle biomécanique de la locomotion humai-
ne;
dans lequel ledit modèle biomécanique com-
prend une estimation du couple antagoniste pro-
duit par les bras en relation au couple produit
par l’impact et les phases de propulsion des
jambes ; et
dans lequel le procédé comprend en outre l’éta-
pe d’estimer l’angle du coude du bras au moyen
de ladite autre caractéristique, étant l’orientation
du dispositif de détection, compris dans le cap-
teur de mouvement (2), dans le champ
gravitationnel ;
d’estimer une fréquence du pas de l’utilisateur
et d’estimer une longueur de pas, liée à l’utilisa-
teur, du pas de l’utilisateur en utilisant les carac-
téristiques de mouvement;
de déterminer une vitesse instantanée relative
à l’utilisateur en combinant la fréquence estimée
de pas de l’utilisateur et la longueur estimée de
pas liée à l’utilisateur; et
de déterminer la vitesse instantanée en multi-
pliant la vitesse instantanée relative à l’utilisa-
teur par un facteur d’étalonnage.

2. Procédé selon la revendication 1, dans lequel le fac-
teur d’étalonnage est déterminé en utilisant l’un des
éléments suivants : distance cumulée lorsque l’utili-
sateur marche ou court, vitesse moyenne de l’utili-
sateur lors de la marche ou de la course, ou un pa-
ramètre morphologique de l’utilisateur.

3. Procédé selon la revendication 1, dans lequel ledit
modèle comprend un modèle d’amortissement actif
fourni par le mouvement du bras.

4. Procédé selon la revendication 1 ou 2, dans lequel
ladite estimation d’une fréquence de pas comprend
l’identification d’un temps d’impact du pied de l’utili-
sateur en utilisant les caractéristiques de mouve-
ment en combinaison avec un modèle masse-res-
sort.

5. Procédé selon l’une quelconque des revendications
1 à 3, dans lequel ladite estimation d’une longueur
de pas liée à l’utilisateur comprend en outre l’utilisa-
tion d’une mesure d’étalonnage prise à la vitesse
instantanée déterminée ou à une distance estimée
parcourue par l’utilisateur.

6. Procédé selon l’une quelconque des revendications
1 à 4, dans lequel la combinaison de la fréquence
estimée de pas et de la longueur estimée de pas liée
à l’utilisateur comprend la multiplication de la fré-
quence estimée de pas avec la longueur estimée de
pas liée à l’utilisateur.

7. Procédé selon l’une quelconque des revendications
1 à 5, comprenant en outre la multiplication de la
longueur estimée de pas liée à l’utilisateur par le fac-
teur d’étalonnage.

8. Procédé selon la revendication 6, dans lequel le fac-
teur d’étalonnage est obtenu en mesurant une vites-
se moyenne ou une distance parcourue par l’utilisa-
teur lorsque l’utilisateur marche ou court.

9. Procédé selon la revendication 6, dans lequel le fac-
teur d’étalonnage est estimé en utilisant des para-
mètres morphologiques de l’utilisateur en combinai-
son avec un modèle déterminé de manière empiri-
que.

10. Procédé selon l’une quelconque des revendications
1 à 9, comprenant en outre l’estimation de la fré-
quence cardiaque a priori de l’utilisateur en utilisant
la vitesse instantanée déterminée et un modèle as-
sociant une valeur de fréquence cardiaque à la vi-
tesse instantanée.

11. Procédé selon la revendication 10, dans lequel le
modèle comprend une relation linéaire ou non linéai-
re entre la vitesse instantanée déterminée et ladite
valeur de la fréquence cardiaque.

12. Procédé selon la revendication 10, dans lequel le
modèle comprend un modèle physiologique com-
prenant un âge, un sexe, un poids ou une taille de
l’utilisateur.
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13. Procédé selon l’une quelconque des revendications
10 ou 12, dans lequel le dispositif de détection (1)
comprend en outre un capteur de fréquence cardia-
que (4, 5) adapté pour mesurer un signal de fréquen-
ce cardiaque lorsque le dispositif de détection (1) est
porté ; et dans lequel le procédé comprend en outre
la mesure du signal de fréquence cardiaque et l’es-
timation d’une fréquence cardiaque mesurée à partir
du signal de fréquence cardiaque mesurée.

14. Procédé selon la revendication 13, dans lequel ladite
estimation d’une fréquence cardiaque mesurée
comprend la détermination d’une fiabilité de la fré-
quence cardiaque mesurée ; et dans lequel la fré-
quence cardiaque a priori est utilisée en combinai-
son avec la fréquence cardiaque mesurée lorsque
la fréquence cardiaque mesurée n’est pas fiable.

15. Procédé selon la revendication 14, comprenant en
outre l’adaptation spécifique à l’utilisateur du modèle
en utilisant le rythme cardiaque mesuré lorsque le
rythme cardiaque mesuré est fiable.

16. Procédé selon l’une quelconque des revendications
1 à 12, comprenant en outre l’estimation de la dis-
tance parcourue par l’utilisateur en utilisant l’intégra-
tion de la vitesse instantanée déterminée.

17. Procédé selon l’une quelconque des revendications
1 à 13, comprenant en outre le calcul d’une dépense
d’énergie de l’utilisateur en utilisant la vitesse ins-
tantanée déterminée.
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