
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

12
3 

93
5

B
1

TEPZZ¥_ ¥9¥5B_T
(11) EP 3 123 935 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
28.03.2018 Bulletin 2018/13

(21) Application number: 16179508.3

(22) Date of filing: 14.07.2016

(51) Int Cl.:
A61B 5/00 (2006.01) A61B 5/11 (2006.01)

G06K 9/00 (2006.01)

(54) DETECTION METHOD FOR VOLLEYBALL TECHNIQUE

DETEKTIONSVERFAHREN FÜR VOLLEYBALLTECHNIK

PROCÉDÉ DE DÉTECTION DE TECHNIQUE DE VOLLEY-BALL

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 28.07.2015 EP 15178664

(43) Date of publication of application: 
01.02.2017 Bulletin 2017/05

(73) Proprietor: SWATCH AG
2502 Biel/Bienne (CH)

(72) Inventors:  
• Stolpe, Alexander

04105 Leipzig (DE)

• Streicher, Markus
04315 Leipzig (DE)

• Taraben, Adib
04159 Leipzig (DE)

• Eckelmann, Christoph
04275 Leipzig (DE)

(74) Representative: Goulette, Ludivine et al
ICB 
Ingénieurs Conseils en Brevets SA 
Faubourg de l’Hôpital 3
2001 Neuchâtel (CH)

(56) References cited:  
US-A1- 2011 196 262 US-A1- 2014 275 854
US-B1- 6 522 266  



EP 3 123 935 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

[0001] The present invention concerns a method of de-
tection for an electronic apparatus comprising a case
containing an electronic module powered with electrical
energy by a means of storing electrical energy, said elec-
tronic module including a calculation unit connected to
an acceleration sensor and to a memory unit, said elec-
tronic module also being connected to a display means
so as to display information linked to some data of said
acceleration sensor

BACKGROUND OF THE ART

[0002] A portable electronic object, such as an elec-
tronic device or, for example, a portable timepiece, in-
cludes a case generally formed of a middle part closed
by a back cover and by a glass. Inside the case is ar-
ranged an electronic module so as to provide an infor-
mation. This information could be an information linked
to an activity. These activities are mainly linked to fitness
like running or walking.
[0003] To do this, the electronic module includes at
least one sensor like an acceleration sensor. This elec-
tronic circuit also included a calculation unit so as to use
data coming from the acceleration sensor and a memory
to save them.
[0004] In the calculation unit, an algorithm is imple-
mented. Said algorithm is programmed to treat said data
so as to obtain data representative of an activity.
[0005] However, currently, it is difficult to have an al-
gorithm which is able to precisely determine the activity.
For example, for pedometer, it is quite difficult for the
calculation unit and the algorithm to determine if the user
walks or runs. Yet, the determination of a walking activity
or a running activity is important to calculate the crossed
distance.
[0006] Consequently, if it is difficult to determine the
action for simple activity like running or walking, it is more
difficult to provide a portable object for detected complex
actions like volleyball.
[0007] Indeed, in volleyball, there are different catego-
ries of volleyball techniques that can be differentiated. In
addition to that, the force of the impact on the ball is de-
termined, named "smash power" hereinafter.
[0008] US 2014/275854 A1 discloses a method for de-
tecting and analyzing an activity by means of a specific
app dedicated to said activity, said app being installed
on a watch worn by a user. While performing the activity,
the user must press a button on the watch to launch said
app. As a consequence, many different apps need to be
installed on the watch to cover all the activities that might
be performed.
[0009] US 2011/196262 A1 discloses a method for an-
alyzing a muscle effort by means of an acceleration sen-
sor compressed against the muscle body, for instance
by means of an adhesive. Not only this method is incon-
venient for the sportsperson, but it does not enable de-

termining which kind of activity is performed, given sev-
eral activities may imply the same reply from the consid-
ered muscle.
[0010] US 6522266 B1 discloses a neural network sys-
tem designed to identify and classify different types of
human motion, especially walking, walking sideways,
walking up or down a slope or stairs, turning left or right
and running. However, this system is not sophisticated
enough to differentiate between different categories of
volleyball techniques.

SUMMARY OF THE INVENTION

[0011] The object of the present invention is to provide
an algorithm, used for example in a volleyball activity,
able to detect and characterize ball contacts in a beach
volleyball game like serves, passes, digs etc.
[0012] The invention therefore concerns a method of
detection for an electronic apparatus comprising a case
containing an electronic module powered with electrical
energy by a means of storing electrical energy, said elec-
tronic module including a calculation unit connected to
an acceleration sensor and to a memory unit, said elec-
tronic module also being connected to a display means
so as to display information linked to some data of said
acceleration sensor, the method being implemented by
means of an algorithm and including the steps of:

- Acquiring data from the acceleration sensor;

- Detecting potential activities using a high-pass filter
for filtering the acquired data so as to detect fast
changes of the measured acceleration and using a
low pass filter to filter a calculated norm of the high-
passed filtered data to only detect significant activi-
ties;

- Filtering the maxima of the low-pass filtered high
pass norm above a second threshold to reject more
of the non-relevant activities and to determine
peak/hit of this norm;

- Preparing the data for the classification wherein ac-
celeration data before and after the peak/hit is low-
pass filtered from data at the ends of a data interval
centered on the peak to data at the peak/hit, and
down-sampled, starting with the value closest to the
hit;

- Handing over the down-sampled data to the classi-
fication step of the algorithm;

- Classifying what activity occurred, by the algorithm;

- Characterizing the activity, based on a 1-Nearest
Neighbor algorithm using the L1-norm in the down
sampled acceleration space.
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[0013] In a first advantageous embodiment, the calcu-
lation unit is able to pass from a low power mode wherein
said calculation unit sleeps to a normal mode wherein
said calculation unit wakes up if the acceleration sensor
which constantly acquires data with approximately an ap-
propriate frequency, measures an acceleration data
above a determined threshold.
[0014] In a second advantageous embodiment, the
low-pass filter and the high-pass filter use an infinite-im-
pulse response filter of second order.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] The objects, advantages and features of the
portable electronic device or object will appear more
clearly in the following detailed description of at least one
embodiment of the invention, given solely by way of non-
limiting example and illustrated by the annexed drawings,
in which:

- Figures 1 and 2 are schematic diagram of the man-
aging method according to the invention.

- Figure 3 is a schematic diagram of a characterizing
step according to the invention.

DETAILED DESCRIPTION

[0016] The portable object on which the method of the
present invention may be implemented could be a wrist-
watch comprised in a case. Said case forms a housing
wherein an electronic circuit is placed. Said electronic
circuit comprises a calculation unit or processing unit for
managing the electronic circuit, a sensor for acquiring
data and a memory so as to save these data. The portable
object also comprises display means like LCD display so
as to display the data.
[0017] This portable object could be used during sport
activity like volleyball. In volleyball, there are numerous
different categories of volleyball techniques that can be
differentiated like a dig, a dig with a jump, a lower pass,
a high pass, an attack, a jump attack and so on. In addition
to that, the force of the impact on the ball is determined,
named "smash power" hereinafter. Common to the vol-
leyball techniques is that the ball normally hits the lower
arm in close proximity to the wrist. This gives the possi-
bility to acquire acceleration sensor data with a watch on
the wrist to determine and characterize the used tech-
niques.
[0018] The sensor is a 3D acceleration sensor with a
measurement range between -16g and +16g is attached
to the wrist in such a way that the sensor axes are aligned
with the lower arm. Pointing along the lower arm bone,
perpendicular to the palm of the hand and horizontally
when the arm is pointing downwards. For example, this
is useful since many of the arm movements during a vol-
leyball game are causing distinct accelerations along
these axes. The acceleration sensor is set to acquire
data with a frequency comprised between 30Hz and

50Hz, preferably between 35Hz and 45Hz, most pre-
ferred about 40 Hz in the low power mode.
[0019] The calculation unit of the portable object further
includes an algorithm able to treat said acceleration data
so as to obtain data representative of an activity. For the
present description, the activity is volleyball. The volley-
ball action detection algorithm is based on a multi-layer
approach as seen in Figures 1 and 2. An activity is defined
by a change in acceleration data above a certain thresh-
old. In the watch, it is used an activity interrupt in such a
way that only when the acceleration sensor detects an
activity, the operating system is notified and the acceler-
ation data is retrieved. If the sensor does not detect an
activity and therefore does not send an activity interrupt
to the operating system, the operating system would nev-
er retrieve the acceleration data and therefore never start
the algorithm.
[0020] In the first step of the detection algorithm, the
acceleration sensor is set to a threshold-interrupt mode,
constantly acquiring data in the low power mode with
approximately 40 Hz, storing it in a ring-buffer and check-
ing whether an acceleration above a determined thresh-
old is measured. This threshold should be comprised be-
tween 1g and 3g, preferably between 1.5g and 2.5g and
most preferred about 2g. In case an acceleration above
the threshold is measured, the microcontroller on which
the algorithm is running wakes up and the ring-buffered
acceleration data is transferred to the microcontroller. To
explain more precisely, the acceleration sensor acquires
data with a certain rate. In the present case 40 Hz. The
acceleration data is then first stored in the acceleration
sensor itself until the operating system retrieves the ac-
celeration data in chunks. By setting a watermark inter-
rupt, the operating system tells the acceleration sensor
how many datasets the acceleration sensor should store
until it notifies the Operating system. In our case, the
watermark was set to 20. That means, each time the
acceleration sensor stored a number of 20 datasets it
notifies the operating system. The operating system then
retrieves the acceleration data from the sensor thereby
moving the data out of the storage of the sensor into the
operating system. The acceleration sensor then fills up
its own storage again with new acceleration data and
again notifies the operating system once it reaches 20
acceleration datasets in storage. The limit of in our case
20 is called the watermark level. Each time the watermark
level is reached the acceleration sensor sends a system
interrupt to the operating system. Causing the operating
system to retrieve the sensor data.
[0021] The second step of the detection algorithm is
to detect potential volleyball activities. To do this, the ac-
celeration data is high-pass filtered with an efficient infi-
nite-impulse response (IIR) filter of second order. The
cut-off frequency should be comprised between 5Hz and
15Hz, preferably between 7Hz and 13Hz and most pre-
ferred about 9Hz. This is done to detect fast changes of
the measured acceleration.
[0022] To only detect significant activities, i.e. ball con-
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tact with the arm, the norm (squared sum of the x-y-z
axis) of the high-passed filtered data is calculated and
low pass filtered (again with an IIR filter of second order).
The cut-off frequency should be comprised between 1Hz
and 10Hz, preferably between 2Hz and 6Hz and most
preferred about 3Hz.
[0023] Likely times for a volleyball technique might be
peaks of this norm above a second threshold. This sec-
ond threshold should be comprised between 0.1 g and
1g, preferably between 0.2g and 0.6g, most preferred
about 0.3g. At this stage the detected maxima were ap-
proximately 55% to 70% non-relevant activities and 30%
to 45% volleyball activities of interest. The response de-
lay of the IIR filters with respect to the raw acceleration
data is taken into account for all the following operations.
[0024] In a third step, maxima of the low-pass filtered
high pass norm above the second threshold are further
analyzed in another filter to reject more of the non-rele-
vant activities.
[0025] Data analysis showed that most of the non-rel-
evant maxima of the filter described in the second step
had a relatively low value of the high-passed maxima and
a low value for the norm of the raw acceleration data just
before the peak (between 5 and 10 raw accelerations
values before the peak were averaged), while most of
the relevant volleyball activities are characterized either
by a high peak in the high-passed data or a high value
of the raw acceleration data or both.
[0026] This filter is implemented by separating the 2D
space (high-pass norm peak value and raw acceleration
norm before the peak) by a line with peaks above the line
being further processed and peaks below (relatively low
high-pass peak and low raw acceleration norm) the line
are sorted out. This reduces the ratio of non-relevant to
relevant volleyball activities (ball contact, i.e. hit) to ap-
proximately 1:1. There are about 25 to 35 (for each ac-
celeration sensor axis) raw acceleration measurements
before and 15 to 25 after the high-pass peak (i.e. likely
ball contact) are then transferred to the next function.
[0027] In the fourth step of the algorithm, the data is
prepared for the classification. The 3D raw acceleration
data before and after the peak/hit (not including the ac-
celeration data at the peak) is low-pass filtered from both
ends towards the hit, this means that, in a data interval
centered on the peak, the filtering is operated from the
data at the ends of the interval to the data towards said
peak. The 3D raw acceleration data are also down-sam-
pled by a factor between 2 and 4, starting with the value
closest to the hit (from the hit towards the ends). The low-
pass filter could be the same IIR filter as the filter dis-
closed and used in the second step.
[0028] The down-sampled data is then handed over
the classification step of an algorithm that tries to deter-
mine what kind of activity and preferentially volleyball ac-
tivity occurred (also sorting out non-relevant activities).
[0029] In a fifth step, volleyball technique characteri-
zation is done as seen in Figure 3. Said volleyball tech-
nique characterization is based on a 1-Nearest Neighbor

algorithm using the L1-norm in the downsampled accel-
eration data space. The L1-norm is calculated to cluster
centers each uniquely related to a volleyball technique
(i.e. jump attack, serve low, ...) or several other common
activities which occur during a normal volleyball game
(i.e. clapping, checks with on another) or fan activities
like clapping or la Ola. Each volleyball technique is linked
to a memory location. Thus, each time the volleyball tech-
nique occurs, the number in the memory location is in-
creased. So, at the end, it is possible to display the
number of occurrence for each volleyball technique with
a timestamp of when it occurred
[0030] In an alternative example, the method accord-
ing to the present invention also includes a sixth step. In
this sixth step, the smash power, which correlates with
the ball speed, is determined. The smash power is de-
termined in the following way: When a volleyball tech-
nique was detected the raw acceleration data in a certain
window of about 0.6s to 0.8s before and after the hit is
band passed with an IIR filter of second order. The sum
over the norm of the band-passed filtered data highly
correlates with the speed of the ball. Since the watch only
reserved 2 digits to display the integrated smash power
the sum over the band-pass filtered data is scaled to a
range from 0 to 99. Multiplying the smash power with
another factor, it is possible to determine a ball speed
that highly correlates with the actual ball speed.
[0031] Said power is affiliated to a volleyball technique.
Said power is also saved in the memory. The memory
could be managed so that for each detected volleyball
activity, the power of said detected activity is saved. It
must be understood that for each smash or each pass
or each serve, the power is saved. The portable object
is thus able to display, for each occurrence, the power
of the volleyball activity.
[0032] Each time a volleyball activity is detected and
saved by the volleyball algorithm the operating system
of the watch is notified. In this way the watch can update
the display.
[0033] It will be clear that various alterations and/or
improvements and/or combinations evident to those
skilled in the art may be made to the various embodi-
ments of the invention set out above without departing
from the scope of the invention defined by the annexed
claims.
[0034] It will be understood that this method could be
used for others activities like basketball or baseball or
tennis or badminton. Moreover, it will be understood that
this method could be used to differentiate a clap of a
player from a hit or a serve. Consequently, the efficiency
of the portable object including said method is higher. It
is also possible to have a specific function in the portable
object concerning clapping or la ola.

Claims

1. Method of detection for an electronic apparatus com-
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prising a case containing an electronic module pow-
ered with electrical energy by a means of storing
electrical energy, said electronic module including a
calculation unit connected to an acceleration sensor
and to a memory unit, said electronic module also
being connected to a display means so as to display
information linked to some data of said acceleration
sensor, the method being implemented by means of
an algorithm and including the steps of:

- Acquiring data from the acceleration sensor;
- Detecting potential activities using a high-pass
filter for filtering the acquired data so as to detect
fast changes of the measured acceleration and
using a low pass filter to filter a calculated norm
of the high-passed filtered data to only detect
significant activities;
- Filtering the maxima of the low-pass filtered
high pass norm above a second threshold to re-
ject more of the non-relevant activities and to
determine peak/hit of this norm;
- Preparing the data for the classification where-
in acceleration data before and after the peak/hit
is low-pass filtered from data at the ends of a
data interval centered on the peak to data at the
hit, and down-sampled, starting with the value
closest to the hit;
- Handing over the down-sampled data to the
classification step of the algorithm;
- Classifying what activity occurred, by the algo-
rithm;
- Characterizing the activity, based on a 1-Near-
est Neighbor algorithm using the L1-norm in the
down sampled acceleration space.

2. Method according to claim 1, wherein the calculation
unit is able to pass from a low power mode wherein
said calculation unit sleeps to a normal mode where-
in said calculation unit wakes up if the acceleration
sensor which constantly acquires data with a fre-
quency approximately comprised between 30 to
50Hz, measures an acceleration data above a de-
termined threshold.

3. Method according to claim 2, wherein the determined
threshold is comprised between 1.5 and 2.5g.

4. Method according to one of the preceding claims,
wherein the low-pass filter and the high-pass filter
use a filter of second order.

5. Method according to claim 1, wherein the second
threshold is comprised between 0.2 and 0.6g.

Patentansprüche

1. Detektionsverfahren für eine elektronische Vorrich-

tung, die ein Gehäuse umfasst, das ein elektroni-
sches Modul enthält, das durch Mittel zum Speichern
von elektrischer Energie mit elektrischer Energie
versorgt wird, wobei das elektronische Modul eine
Berechnungseinheit aufweist, die mit einem Be-
schleunigungssensor und mit einer Speichereinheit
verbunden ist, wobei das elektronische Modul ferner
mit Anzeigemitteln verbunden ist, um Informationen
anzuzeigen, die mit einigen Daten des Beschleuni-
gungssensors verknüpft sind, wobei das Verfahren
mittels eines Algorithmus durchgeführt wird und die
Schritte umfasst:

- Erfassen von Daten von dem Beschleuni-
gungssensor;
- Detektieren möglicher Aktivitäten unter Ver-
wendung eines Hochpassfilters zum Filtern der
erfassten Daten, um so schnelle Änderungen
der gemessenen Beschleunigung zu detektie-
ren, und unter Verwendung eines Tiefpassfil-
ters, um eine berechnete Norm der mit dem
Hochpass gefilterten Daten zu filtern, um nur si-
gnifikante Aktivitäten zu detektieren;
- Filtern der Maxima der mit dem Tiefpass gefil-
terten Hochpassnorm oberhalb eines zweiten
Schwellenwerts, um mehrere der nicht relevan-
ten Aktivitäten auszusortieren und um einen Ma-
ximalwert/Treffer dieser Norm zu bestimmen;
- Aufbereiten der Daten für die Klassifizierung,
wobei Beschleunigungsdaten vor und nach dem
Maximalwert/Treffer von Daten an den Enden
eines Datenintervalls, das um den Maximalwert
zentriert ist, zu Daten bei dem Treffer mit einem
Tiefpass gefiltert und abwärts abgetastet wer-
den, wobei mit dem Wert begonnen wird, der
dem Treffer am nächsten liegt;
- Übergeben der abwärts abgetasteten Daten
an den Klassifizierungsschritt des Algorithmus;
- Klassifizieren durch den Algorithmus, welche
Aktivität eintrat;
- Charakterisieren der Aktivität auf der Basis ei-
nes 1-Nächste-Nachbarn-Algorithmus unter
Verwendung der L1-Norm in dem abwärts ab-
getasteten Beschleunigungsraum.

2. Verfahren nach Anspruch 1, wobei die Berech-
nungseinheit von einer Betriebsart mit geringem En-
ergieverbrauch, in der die Berechnungseinheit im
Ruhezustand ist, zu einer normalen Betriebsart
übergeht, in der die Berechnungseinheit aktiv wird,
wenn der Beschleunigungssensor, der gleichmäßig
Daten mit einer Frequenz erfasst, die ungefähr im
Bereich zwischen 30 und 50 Hz liegt, Beschleuni-
gungsdaten oberhalb eines festgelegten Schwellen-
werts misst.

3. Verfahren nach Anspruch 2, wobei der festgelegte
Schwellenwert im Bereich von 1,5 bis 2,5 g liegt.
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4. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Tiefpassfilter und das Hochpassfilter
ein Filter zweiter Ordnung verwenden.

5. Verfahren nach Anspruch 1, wobei der zweite
Schwellenwert im Bereich von 0,2 bis 0,6 g liegt.

Revendications

1. Procédé de détection pour un appareil électronique
comprenant un boîtier contenant un module électro-
nique alimenté en énergie électrique par un moyen
de stockage d’énergie électrique, ledit module élec-
tronique incluant une unité de calcul connectée à un
capteur d’accélération et à une unité de mémoire,
ledit module électronique étant également connecté
à un moyen d’affichage de façon à afficher des in-
formations liées à certaines données dudit capteur
d’accélération, le procédé étant implémenté au
moyen d’un algorithme et incluant les étapes de :

- acquisition de données depuis le capteur
d’accélération ;
- détection d’activités potentielles à l’aide d’un
filtre passe-haut pour filtrage des données ac-
quises de façon à détecter des changements
rapides de l’accélération mesurée et à l’aide
d’un filtre passe-bas pour filtrer une norme cal-
culée des données filtrées passe-haut pour ne
détecter que des activités significatives ;
- filtrage des maxima de la norme passe-haut
filtrée passe-bas au-delà d’un second seuil pour
rejeter davantage d’activités sans rapport et
pour déterminer un pic/une frappe de cette
norme ;
- préparation des données pour la classification,
dans lequel des données d’accélération avant
et après le pic/la frappe sont filtrées passe-bas
à partir de données aux extrémités d’un inter-
valle de données centré sur le pic jusqu’aux don-
nées à la frappe, et sous-échantillonnés, en
commençant par la valeur la plus proche de la
frappe ;
- passage des données sous-échantillonnées à
l’étape de classification de l’algorithme ;
- classification de l’activité qui s’est produite, par
l’algorithme ;
- caractérisation de l’activité, en se basant sur
un algorithme de 1 plus proche voisin à l’aide
de la norme L1 dans l’espace d’accélération
sous-échantillonné.

2. Procédé selon la revendication 1, dans lequel l’unité
de calcul est apte à passer d’un mode basse puis-
sance dans lequel ladite unité de calcul sommeille
à un mode normal dans lequel l’unité de calcul se
réveille si le capteur d’accélération qui acquiert cons-

tamment des données avec une fréquence approxi-
mativement comprise entre 30 et 50 Hz mesure une
donnée d’accélération au-delà d’un seuil déterminé.

3. Procédé selon la revendication 2, dans lequel le seuil
déterminé est compris entre 1,5 et 2,5 g.

4. Procédé selon l’une des revendications précéden-
tes, dans lequel le filtre passe-bas et le filtre passe-
haut utilisent un filtre de second ordre.

5. Procédé selon la revendication 1, dans lequel le se-
cond seuil est compris entre 0,2 et 0,6 g.
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滤波然后对数据进行低通滤波和下采样，对数据进行分类以确定发生了
什么活动，并通过使用下采样加速空间中的L1范数的1-最近邻算法来表
征活动。
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