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Description
TECHNICAL FIELD

[0001] The present invention relates to motion sen-
sors, especially to a versatile motion sensor that can be
used for awide variety of sports, fithess, ambulatory mon-
itoring and therapy applications. The present invention
specifically pertains to a method for configuring such a
versatile motion sensor, a corresponding configurable
motion sensor as well as a system for configuring such
a motion sensor.

BACKGROUND OF THE INVENTION

[0002] Motion sensors have become very popular in
sports for determining various performance measures.
In cycling small computers on the handle bar are very
common for providing information to a rider about
elapsed time, distance travelled, speed and pedalling ca-
dence. In jogging elapsed time, distance travelled, speed
and pace are mostly of interest. Very different physical
methods are employed to measure and determine the
data of interest.

[0003] Accelerometers are applied to bicycles for var-
ious purposes, e.g. ininclinometers, speed and cadence
sensors, and for determining crank and pedal position,
pedalling power, etc. Meanwhile, miniature accelerome-
ters suitable for these tasks are cheap mass products
that are readily available from manufacturers such as
Analog Devices, Inc. or VTI Technologies. Furthermore,
miniature gyroscopes, which measure angular velocity,
can also be used for motion sensing. Such devices are
available for instance from Murata Manufacturing Co.,
Ltd.

[0004] US 4,526,036 discloses a cadence meter com-
prising means for measuring acceleration intended to be
mounted on a nonrotating part of a bicycle. The cadence
is determined based on measuring the alternating phas-
es of acceleration and de-acceleration of the bicycle in
its direction of travel caused by the changing force ap-
plied to the pedals by the bicyclist during each pedalling
cycle. A similar technique is employed in the measure-
ment device described in EP 1 213 561 B1. This meas-
urement device includes an accelerometer, which is
mounted on a bicycle such that its measurement axis
coincides with the direction of travel. The output signal
of the accelerometer is processed in order to extract the
frequency of pedalling, i.e. the pedalling cadence. Fur-
thermore, WO 2008/058164 A2 presents a crank set
based bicycle power measuring device wherein the ped-
alling cadence is required as part of the power calcula-
tion. In conjunction with determining the pedalling ca-
dence, it is mentioned that an accelerometer mounted
on a crank set can be used to measure the direction of
gravity relative to the orientation of the crank. In WO
2010/000369 A1 the use of an accelerometer in a device
for measurement of cycling power output is described,
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wherein the accelerometer is embedded in abicycle cleat
bolted to a bicyclist shoe or alternatively mounted on a
pedal of a bicycle or a leg or foot of a bicyclist. It is sug-
gested to determine the cadence based on the elapsed
time between measuring consecutive minimum and max-
imum values, respectively, of the output signals from the
accelerometer, which occur at the top dead centre and
bottom dead centre, respectively, of each revolution of
the cranks. Mavic, a manufacturer of bike systems and
rider's equipment, employs accelerometers in its "Smart
Cadence" pedalling cadence sensor which are integrated
into a stretch fabric that is worn at the bicyclist's ankle.
In the international application PCT/EP2010/065537 the
presentinventor proposes a method for determining both
a bicyclist’s pedalling cadence as well as a bicycle’s trav-
elling speed from the outputs of a 2/3-axis accelerometer
arranged at a wheel of a bicycle.

[0005] Jogging sensors, like the stride sensors provid-
ed by Polar or Nike, employ accelerometers to determine
distance and speed from the pace of steps. Such a so-
lution is described in US 6,018,705. The time period a
footis in contact with the ground during a stride taken by
a jogger and the period that the foot is not in contact with
the ground between strides taken by the jogger are de-
termined by processing and analysing the output signals
of an accelerometer.

[0006] Accelerometer-based motion sensors can also
be applied in awide variety of other sports such as rowing,
skiing, cross-country skiing, golfing, exercising, swim-
ming, ice skating, rollerblading, etc., to analyse charac-
teristic movements and activities of an athlete. The com-
putation of associated performance measures is often
less straight forward than counting steps or detecting
wheel rotations, but is well-known by those skilled in the
art as evidenced by a large body of patent literature re-
lated to this topic. A few representative examples from
different sports of motion sensors which employ accel-
erometers are given in the following. US 7,689,378 B2
describes a motion sensing apparatus utilising a tri-axial
accelerometer together with a tri-axial gyroscope as well
as a tri-axial magnetometer and discloses techniques for
analysing a golf stroke. US 2010/0204952 A1 describes
a portable wrist worn device for determining information
about the movement of a human body when swimming.
WO 98/42413 A1 discloses an exercise monitoring sys-
tem. WO 01/10508 A1 describes a rehabilitation device.
US 6,980,118 B2 discloses a method and apparatus for
measuring stroke rating in rowing.

[0007] Furthermore, US 2009/0319221 A1 discloses
an electronic device that monitors accelerations using an
inertial sensor. The electronic device identifies a current
motion state based on the accelerations. Additionally,
the electronic device determines an application that sub-
scribes to a motion state identification service and notifies
the application of the current motion state. Moreover, US
7,602,301 B1 discloses apparatus, systems, and meth-
ods for measuring and analysing movements of a body
and for communicating information related to such body
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movements over a network. In certain embodiments, a
system gathers biometric and biomechanical data relat-
ing to positions, orientations, and movements of various
body parts of a user performed during sports activities,
physical rehabilitation, or military or law enforcement ac-
tivities. The biometric and biomechanical data can be
communicated to a local and/or remote interface, which
uses digital performance assessment tools to provide a
performance evaluation to the user. The performance
evaluation may include a graphical representation (e.qg.,
a video), statistical information, and/or a comparison to
another user and/or instructor. In some embodiments,
the biometric and biomechanical data is communicated
wirelessly to one or more devices including a processor,
display, and/or data storage medium for further analysis,
archiving, and data mining. In some embodiments, the
device includes a cellular telephone.

[0008] In the numerous applications indicated above
the motion sensing device is basically always the same,
namely comprising a sensor element in the form of an
accelerometer and/or a gyroscope to measure motion, a
processing element to process the output of the sensor
element and to determine a performance measure there-
from, a communication element to send the determined
data/information from the location of the sensor to a re-
mote unit where it is displayed to a user. The difference
between individual motion sensor devices essentially re-
sides in the processing algorithms used to compute the
desired performance measure and the attachment
means which enable secure fixation of the motion sensor
device at an appropriate measurement location, i.e. on
a part of the body of an athlete or on a part of a piece of
sports equipment being used by an athlete.

[0009] As a consequence of the fact that each appli-
cation requires specific attachment means for attaching
the motion sensor device to the measurement location
and a dedicated processing algorithm to determine a spe-
cific performance measure, an athlete, such as a triath-
lete, carrying out a variety of sports will require a multitude
of different motion sensor devices to cover all practised
sport disciplines, e.g. swimming, cycling and running.

SUMMARY OF THE INVENTION

[0010] Itis an object of the presentinvention to provide
a versatile motion sensor which can be used for a wide
variety of sports, fithness, ambulatory monitoring and ther-
apy applications.

[0011] Atleast this objectis achieved by a motion sen-
sorwhich s configurable according to the method of claim
1. Preferred embodiments of the proposed method, a
corresponding configurable motion sensor, a sensor net-
work as well as a system for configuring such a motion
sensor are given in the further claims.

[0012] A method is provided for configuring a motion
sensor comprising an accelerometer and/or agyroscope,
a processing unit, a memory unit, a program selection
means, a wireless transmitting unit, and a receiving unit,
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the method comprising:

- providing configuration data to the program selection
means;

- selecting by the program selection means a signal
processing program from a plurality of signal pro-
fessing programs stored in the memory unit depend-
ent on the provided configuration data; and

- determining by the processing unit at least one mo-
tion parameter from one or more output signals of
the accelerometer and/or the gyroscope using the
selected signal processing program.

[0013] In this way the motion sensor is adapted to a
specific application by providing configuration data to it.
The configuration data determines the way in which the
one or more output signals of then accelerometer and/or
the gyroscope are processed in order to obtain at least
one motion parameter. To achieve this an appropriate
signal processing program for processing the one or
more output signals of the accelerometer and/or the gy-
roscope to obtain at least one desired motion parameter
for a specific application is selected from a plurality of
signal processing programs stored in the memory unit of
the motion sensor based upon the configuration data. By
doing so the signal processing applied to determine the
desired motion parameter(s) is adapted to the application
athand, e.g. dependent onthe arrangement of the motion
sensor at the athlete or sports equipment.

[0014] Possible examples of motion parameters that
are determined by the motion sensor depending on the
application at hand are stride speed, acceleration, veloc-
ity, stride distance, total distance, gait/pedalling efficien-
¢y, power, energy, (maximum) impact, (average) calories
consumed, maximum speed, speed variability, a ca-
dence associated with pedalling, rowing, walking, cun-
ning, cross-country skiing, roller skating, inline skating,
ice skating, arm swinging or swimming stroke, pinching
speed and impact, springiness, striking, drive speed or
throwing speed.

[0015] The method further comprises:

- selecting a transmission protocol program from a
plurality of transmission protocol programs stored in
the memory unit dependent on the provided config-
uration data; and

- sending by the wireless transmitting unit the at least
one motion parameter or the one or more output sig-
nals of the accelerometer and/or the gyroscope or
one or more signals based on said output signals
using the selected transmission protocol program.

[0016] In this way the configuration data determines
the way in which the at least one motion parameter is
sent to a remote device such as a sports computer, e.g.
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for displaying the at least one motion parameter to the
user or for -its further processing or storage. An appro-
priate transmission protocol program for sending the at
least one motion parameter to the remote device is se-
lected from a plurality of transmission protocol programs
stored in the memory unit of the motion sensor based
upon the configuration data. By doing so the transmission
is adapted to the- kind of information being determined
by the motion sensor, e.g. the data formatin and the data
rate at which the desired motion parameter(s) is/are be-
ing produced by the motion sensor, and/or to the kind of
transmission link being employed, e.g. in terms of range,
speed, power, transmission channel characteristics., etc.
[0017] The method further comprises receiving by the
deceiving unit a signal processing program and/or a
transmission protocol program.

[0018] In this way a further signal processing program,
which is not yet stored in the memory unit of the motion
sensor, is downloaded to the motion sensor. By doing so
the motion sensor is able to determine one or more mo-
tion parameters for a new application that it was not able
to handle before. Likewise, a further transmission proto-
col program, which is not yet stored in the memory unit
of the motion sensor, is downloaded to the motion sensor.
By doing so the motion sensor is able to support a new
transmission protocol that it was not able to execute be-
fore.

[0019] In afurther embodiment of the method, the step
of providing configuration data comprises:

- receiving by the receiving unit the configuration data.

[0020] In this way the configuration data is provided to
the motion sensor from a separate device via the receiv-
ing unit. By doing so the motion sensor is configured ac-
cording to configuration data input to or determined at a
separate, e.g. remote, device for instance as desired by
user of the motion sensor.

[0021] In yet a further embodiment of the method,
wherein the motion sensor further comprises a motion
classification means, the method further comprises:

- extracting motion features from the one or more out-
put signals of the accelerometer and/or the gyro-
scope;

- identifying by the motion classification means a mo-
tion pattern from a plurality of motion patterns based
on the extracted motion features; and

- generating at least part of the configuration data to
be provided to the program selection means depend-
ent on the identified motion pattern.

[0022] In this way the configuration data is generated
by the motion sensor itself based on a motion pattern
that the motion classification means has identified from
a plurality of motion patterns. By doing so the motion
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sensor is automartically configured, i.e. it configures it-
self, according to the application for which it is being used
by identifying the type of motion the motion sensor is
sensing. Thus, the user does not need to provide this
configuration data to the motion sensor. In this way the
motion sensor can also automatically adapt itself to new
applications based on motions patterns which are similar
to known motion patterns of applications to which the
motion sensor has been applied before;

[0023] Motion pattern classification is well documented
for instance in "M. J. Mathie, B. G. caller, N. H. Lovell
and A. C. F. Coster, classification of basic daily move-
ments using a triaxial accelerometer, Med. Biol. Eng.
Comput., 2004, 42, pp. 679 - 687" and "A. Mannini and
A. M. Sabatini, Machine learning methods for classifying
human physical activity from on-body accelerometers,
Sensors, 2010, 10, pp. 1154-1175" as well as the publi-
cations cited therein.

[0024] In yet a further embodiment the method further
comprises:

- downloading a software module, which comprises
at least a signal processing program and a transmis-
sion protocol program, from an application server to
a sensor interfacing device or sensor hub, such as
for instance a sports computer, a mobile phone or a
portable digital assistant;

- extracting the signal processing program and/or the
transmission protocol program from the software
module; and

- sending the signal processing program and/or the
transmission protocol program from the sensor in-
terfacing device or sensor hub to the receiving unit.

[0025] Inthis way the signal professing program and/or
the transmission protocol program is provided to the mo-
tion sensor from an application server via an intermediary
sensor interfacing device or sensor hub, which is oper-
ationally connected to the receiving unit of the motion
sensor. Different software modules, for different applica-
tions can be provided by the application server. The user
is able to select the desired application and the associ-
ated software module is then downloaded from the ap-
plication server by the sensorinterfacing device or sensor
hub, which extracts the signal processing program and/or
the transmission protocole program from the software
module and sends either or both of them to the receiving
unit of the motion sensor.

[0026] In yet a further embodiment the method further
comprises receiving by the sensor hub using the trans-
mission protocol program the at least one motion param-
eter or the one or more output signals of the accelerom-
eter and/or the gyroscope or one or more signals based
on said output signals from the wireless transmitting unit.
[0027] In this way the sensor hub receives data from
the wireless transmitting unit by employing the same
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transmission protocol for receiving the data as the wire-
less transmitting unit is using to send the data. This is for
instance achieved by extracting the transmission proto-
cole program from the software module downloaded from
the application server and distributing the transmission
protocol program to both the receiving unit of the motion
sensor as well as the sensor hub. By doing so it is always
ensured that dependent of the kind of data and kind of
transmission required by the application the appropriate
transmission protocol program is being used by the wire-
less transmission unit of the motion sensor and the sen-
sor hub.

[0028] In yet a further embodiment of the method,
wherein the software module further comprises an appli-
cation program, the method further comprises extracting
the application program from the software module and
executing by the sensor hub the application program for
post-processing and/or displaying and/or storing the re-
ceived at least one motion parameter or the one or more
outputsignals of the accelerometer and/or the gyroscope
or one or more signals based on said output signals from
the wireless transmitting unit.

[0029] In this way the sensor hub is able to suitably
post-process and/or display and/or store dependent on
the application at hand the data sent by the wireless
transmitting unit. Furthermore by distributing the appli-
cation program used by the sensor hub to perform the
latter as part of the sortware module containing the signal
processing program and the transmission protocol pro-
gram it is ensured that the correct program is available
at the sensor hub to receive and post-process/dis-
play/store the data sent by the wireless transmitting unit.
[0030] In yet a further embodiment the method further
comprises sending by the wireless transmitting unit in-
formation regarding one or more of the following to the
sensor hub:

- configuration data;

- identification number, such as a serial number or ad-
dress data, of the motion sensor;

- listofsignal processing programs stored in the mem-
ory unit;

- list of transmission protocol programs stored in the
memory unit;

- information regarding one or more of the signal
processing programs or one or more of the trans-
mission protocol programs stored in the memory
unit, for instance a checksum or a version number;

- information regarding the selected signal processing
program or the selected transmission protocol pro-
gram.

[0031] In this way the sensor hub is provided with
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knowledge of the configuration data which is presently
being utilised by the motion sensor, so that new on con-
figuration data can be sent by the sensor hub if the ap-
plication is to be altered. Furthermore, -it is possible to
determine the identity of the motion sensor by being pro-
vided with e.g. its serial number or some sort of address
data. Knowledge of the signal processing programs
and/or the transmission protocol programs stored in the
memory unit is important in order to determine if an ad-
ditional signal processing program and/or an additional
transmission protocole program needs to be uploaded
to the memory unit when for instance the motion sensor
is to be applied in a new application. Moreover, informa-
tion such as a checksum can be employed to determine
if a certain program was uploaded correctly or corrupted
due to transmission errors. Furthermore, information
such as a program version number can be used to de-
termine if a program stored in the memory unit is still up-
to-date or uploading of the most recent version is neces-
sary.

[0032] Moreover, information regarding the presently
selected signal processing program or the presently se-
lected transmission protocol program can for instance be
used to check if the correct program (s) was/were select-
ed dependent on the configuration data which was pro-
vided. This information is for instance also relevant when
the motion sensor has configured itself after having iden-
tified a specific motion pattern. In this way the sensor hub
can adapt its transmission protocol program and/or ap-
plication program to the data being provided by the wire-
less transmitting unit.

[0033] As a further aspect and in correspondence to
the proposed method, a configurable motion sensor is
provided comprising an accelerometer and/or a gyro-
scope, a processing unit,amemory unit, a wireless trans-
mitting unit, a receiving unit and a program selection
means, wherein the processing unit is connected to the
accelerometer and/or the gyroscope, the memory unit,
the wireless transmitting unit, the receiving unit and the
program selection means. In such a configurable motion
sensor the receiving unit is operable to receive configu-
ration data and the processing unit is operable to deter-
mine at least one motion parameter from one or more
output signals of the accelerometer and/or the gyroscope
using one of a plurality of signal processing programs
storable in the- memory unit .and selectable by the pro-
gram selection means dependent on the configuration
data. Moreover, the wireless transmitting unit is operable
to transmit the at least one motion parameter using one
of a plurality of transmission protocol programs storable
in the memory unit and selectable by the program selec-
tion means dependent on the configuration data. More-
over, the receiving unit is operable to received at least
one of the plurality of signal processing programs and/or
at least one of the plurality or transmission protocol pro-
grams.

[0034] In a further embodiment the configurable mo-
tion sensor further comprises a separate sensor hub,
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such as for instance a sports computer, a mobile phone
ora personal digital assistant, wherein the wireless trans-
mitting unit is wirelessly connected to the sensor hub,
and wherein the sensor hub is adapted to perform one
or more of the following:

- presentthe atleast one motion parameter to the user
of the sensor hub, for instance visually via a display
or acoustically, e.g. via a loudspeaker;

- send the at least one motion parameter to a remote
computer or a data server via a communication net-
work, e.g. by means of short message service or
packet data service;

- present atime series of the least one motion param-
eter to the user of the sensor hub via a display;

-  store the at least one motion parameter in a memory
of the sensor hub.

[0035] In this way the data sent by the wireless trans-
mitting unit is made available to the user in a number of
different ways. For instance in numeric format to display
the momentary value of a motion parameter, e.g. speed,
which is continuously updated as new data is received.
The received data can also be sent to a remote computer
or data server for storage and later evaluation, or e.g. for
monitoring by a coach/trainer, who may for instance be
analyzing performance data from a number of different
athletes simultaneously during a training session. Fur-
thermore, data in a certain time window, e.g. present as
well as some preceding data, can be displayed at the
sensor hub, or data from a previous training session can
be constantly compared with the data from the present
training session. In order to do the latter the received
datais continuously stored in the sensor hub for later use.
[0036] In yet a further embodiment of the configurable
motion sensor the sensor hub is connected to the receiv-
ing unit via a wireless connection or via a wired connec-
tion and the sensor hub is further adapted to perform one
or more of the following:

- send configuration data;
- send a signal processing program;
- send a transmission protocol program;

to the receiving unit.

[0037] In this way configuration data and/or a signal
processing program and/or a transmission protocol pro-
gram can be provided to the receiving unit by connecting
the sensor hub to the receiving unit directly by means of
a cable thus providing a fast link appropriate for transfer-
ring large programs to the memory unit. Alternatively,
small amounts of configuration data can be provided to
the receiving unit via a wireless link from the sensor hub
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allowing very convenient and rapid reconfiguration of the
motion sensor when the user wants to switch to a different
application., e.g. a triathlete switching from cycling,
where pedalling cadence was being measured by the
motion sensor, to running, where the running pace is to
be determined by same motion sensor perhaps being
relocated from a part of the bicycle to a part of the tria-
thlete’s body.

[0038] In yet a further embodiment the configurable
motion sensor further comprises motion classification
means capable of identifying a plurality of motion patterns
based on motion features extractable from the one or
more output signals of the accelerometer and/or the gy-
roscope.

[0039] Inyeta further embodiment of the configurable
motion sensor the motion classification means is con-
nected to the program selection means and determines
the signal processing program and/or the transmission
protocol program to be employed for determining the at
least one motion parameter and/or for transmitting the at
least one motion parameter, respectively.

[0040] In this way "self-configuration" of the motion
sensor becomes possible by identifying the specific mo-
tion pattern the motion sensor is executing at the location
where it is attached, e.g. to the athlete or a piece of his
sports equipment.

[0041] Inyet a further embodiment of the configurable
motion sensor the motion classification means is located
in the sensor hub and is adapted to generate at least part
of the configuration data based on an identified motion
pattern.

[0042] In this way the processing required for motion
pattern identification takes place in the sensor hub where
electrical power is available more abundantly. Further-
more, once a specific motion pattern has been identified
the sensor hub is able to download an appropriate soft-
ware module from the application server and then upload
the necessary signal processing program and/or the as-
sociated transmission protocol program to the memory
unit.

[0043] As afurther aspect, a sensor network is provid-
ed comprising a plurality of configurable motion sensors
and a single, common sensor hub to which all the con-
figurable motion sensors are operationally connected.
[0044] In this way the single, common sensor hub can
be employed to receive and post-process and/or display
and/or store and/or forward to a remote computer or data
server the data from the plurality of motion sensors. This
opens up the possibility to simultaneously provide vari-
ous performance measures to the user of the sensor hub
or to determine more complex performance measures
by the sensor hub based on data from multiple motion
sensors measuring different motion parameters. Further-
more, itis possible to simultaneously determine the same
performance measure for multiple users by means of a
single sensor hub, e.g. for a coach of a cycling team who
wants to monitor the pedalling cadence of all the riders
in his team centrally from an escort vehicle during a race.
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Moreover, such a structure also provides redundancy
which can be exploited to either derive more accurate
performance values or to increase system reliability by
being able to substitute faulty sensors with operational
back-up sensors on the fly.

[0045] As a further aspect, a system is provided for
configuring a configurable motion sensor, comprising an
application server with a software database, a sensor
interfacing device, such as for instance a computer, and
the configurable motion sensor, wherein a plurality of
software modules, e.g. for sports, fitness, ambulatory
monitoring and therapy applications, requiring the motion
sensor to determine at least one motion parameter are
stored in the software database. Each of the plurality of
software modules requiring the motion sensor comprises
an application program, a signal processing program and
a transmission protocol program. In such a system the
sensor interfacing device is operable to download a se-
lected software module viaa communication network and
to extract the signal processing program and the trans-
mission protocol program from the selected software
module and to upload the signal processing program and
the transmission protocol program to the configurable
motion sensor either via a wireless connection, e.g.
based on the ZigBee, Bluetooth, Bluetooth Low Energy
(LE), ANT+, Z-Wave, BodyLAN or Toumaz Nano Sensor
Protocol (NSP) standard, or a wired connection, e.g. a
USB cable.

[0046] In this way a wide variety of software modules
can be provided in a simple manner for a broad range of
motion sensor applications to a versatile configurable
motion sensor, which can then be more universally ap-
plied than presently available sensor devices which are
restricted to a single application and for determining only
one motion parameterin acompletely predetermined and
fixed fashion.

[0047] In a further embodiment of the system the sen-
sor interfacing device is operable to send configuration
data which determine the signal processing program
and/or the transmission protocol program to be used in
the configurable motion sensor to the configurable mo-
tion sensor.

[0048] In this way the sensor interfacing device acts
as an intermediary between the application server and
the configurable motion sensor and handles the selec-
tion, retrieval and distribution of the software module as
well as parts thereof.

[0049] In yet a further embodiment of the system the
sensor interfacing device is further operable to extract
the application program from the selected software mod-
ule and to upload the application program and the trans-
mission protocol program to a sensor hub, such as for
instance a sports computer, amobile phone or a personal
digital assistant, intended in be operationally connected
with the configurable motion sensor.

[0050] In this way the sensor interfacing device also
acts as an intermediary between the application server
and the sensor hub and further handles the extraction
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and transfer of parts of the software module to the sensor
hub.

[0051] In yet a further embodiment of the system the
sensor hub is the sensor interfacing device, i.e. performs
its tasks, and is operable to execute the application pro-
gram and the transmission protocol program.

[0052] In this way the sensor hub directly downloads
the desired software module for a certain application from
the application server, extracts the different parts and
uploads them to the motion sensor with which it is asso-
ciated and also executes the application program to post-
process/display/store/forward the data, e.g. motion pa-
rameters, it receives from the motion sensor.

[0053] The invention is defined by claims 1-14.

BRIEF DESCRIPTION OF THE DRAWINGS

[0054] Forthe purpose of facilitating the understanding
of the presentinvention, exemplary embodiments thereof
are illustrated in the accompanying drawings which are
to be considered in connection with the following descrip-
tion. Inthis way the presentinvention may be more readily
understood and appreciated. Whatis shown in the figures
is the following:

Fig.1  shows ablock diagram of a configurable motion
sensor according to the present invention;

Fig.2 shows in a schematic representation a system
for configuring a configurable motion sensor ac-
cording to the present invention; and

Fig. 3 shows in a schematic representation a sensor

network with a plurality of configurable motion
sensors according to the present invention
which are all operationally connected to a sin-
gle, common sensor hub.

DETAILED DESCRIPTION OF THE INVENTION

[0055] Fig. 1 depicts a block diagram of a configurable
motion sensor 1. In the embodiment shown in Fig. 1 the
configurable motion sensor 1 includes a sensor device
1’ and a separate sensor hub 9, which is remotely located
from the sensor device 1’ during normal operation of the
configurable motion sensor 1, i.e. whilst determining a
desired motion parameter. The sensor device 1’ com-
prises an accelerometer 2 and/or a gyroscope 2 as sen-
sor element. Suitable miniature multi-axis accelerome-
ters for motion measurements in a plane or three-dimen-
sional space, respectively, are the dual-axis accelerom-
eter ADXL210 or the 3-axis accelerometer ADXL345, re-
spectively, from Analog Devices, Inc. Suitable miniature
gyroscopes for motion sensing are the GYROSTAR pi-
ezoelectric vibrating gyroscopes from Murata Manufac-
turing Co., Ltd.

[0056] The one or more output signals from the accel-
erometer 2 and/or the gyroscope 2 are provided to a
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processing unit 3 which determines at least one motion
parameter using a signal processing program which is
stored in the memory unit 4. A plurality of signal process-
ing programs are stored in the memory unit 4 and a pro-
gram selection means 7 selects the one required for de-
termining the desired motion parameter dependent on
configuration data provided to the program selection
means 7 from the sensor hub 9 via a receiving unit 6.
[0057] The configuration data is transferred from the
sensor hub 9 to the sensor device 1’ either wirelessly,
e.g. based on the ZigBee, Bluetooth, Bluetooth Low En-
ergy (LE), ANT+, Z-Wave, BodyLAN or Toumaz Nano
Sensor Protocol (NSP) standard, or through a wired con-
nection, e.g. a USB cable.

[0058] The one or more motion parameters deter-
mined by the processing unit 3 are subsequently sent to
the sensor hub 9 via a wireless transmitting unit 5, which
employs a transmission protocol program to do so. The
transmission protocol program may be different depend-
ing on the type of data to be sent to the sensor hub 9.
For instance several different standardised ANT+ "de-
vice profiles" exist that define the network parameters
and the structure of the data payload for various appli-
cations such as stride-based speed and distance moni-
toring, bicycle speed and cadence monitoring or moni-
toring a bicycle rider’'s expended drive power, etc. Such
information forms part of the transmission protocol pro-
gram. Furthermore, the transmission protocol program
can also include the type of modulation and coding being
employed to send the data. The transmission protocol
program to be used to send the data is also determined
by the configuration data that is provided to the program
selection means 7, which selects the required transmis-
sion protocol program from a plurality of transmission
protocol programs stored in the memory unit 4. The wire-
less transmission.scheme can for instance be based on
the ZigBee, Bluetooth, Bluetooth Low Energy (LE),
ANT+, Z-Wave, BodyLAN or Toumaz Nano Sensor Pro-
tocol (NSP) standard.

[0059] The sensor hub 9 can request information re-
garding the signal processing programs and/or the trans-
mission protocol programs presently stored in the mem-
ory unit 4. If the sensor hub 9 detects that a program
required for a certain desired application is presently not
stored in the memory unit 4, it can upload a signal
processing program and/or a transmission protocol pro-
gram to the sensor device 1’ via the receiving unit 6.
Again, as with the configuration data, this can be done
wirelessly or by means of wired link such as a USB cable.
The latter is more suitable for uploading programs since
it allows a high transmission rate. Once all required pro-
grams are stored in the memory unit 4, wireless trans-
mission of the configuration data from the sensor hub 9
to the sensor device 1’ is highly suitable since this allows
to rapidly re-configure the sensor device 1’ without having
to physically connect the sensor device 1’ to the sensor
hub 9.

[0060] In a specific embodiment of the configurable
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motion sensor 1 it further comprises a motion classifica-
tion means 8, 8. This motion classification means 8, 8’
is capable of identifying a plurality of different motion pat-
terns based on motion features which are extracted from
the one or more output signals from the accelerometer
2 and/or the gyroscope 2. The motion classification
means 8 can be part of the sensor device 1’ in which
case the sensor device 1’ is capable of "self-configura-
tion" dependent on the identified motion pattern. The mo-
tion classification means 8 hence generates at least part
of the configuration data and provides this to the program
selection means 7, which then selects the signal process-
ing program appropriate to determine at least one motion
parameter dependent on the configuration data generat-
ed by the motion classification means 8, which in turn is
dependent on the motion pattern identified by the motion
classification means 8. Alternatively, the motion classifi-
cation means 8’ can be located in the sensor hub 9. This
requires sending the output signal(s) from the acceler-
ometer 2 and/or the gyroscope 2 or one or more signals
derived therefrom to the sensor hub 9. This off-loads con-
siderable processing from the sensor device 1’ to the
sensor hub 9 so that a substantial power-savings is
achievable at the sensor device 1’ where typically less
power is available due to space and size limitations for
incorporation of e.g. a (rechargeable) battery cell.

[0061] Fig. 2 depicts in a schematic representation a
system for configuring the configurable motion sensor 1
illustrated in Fig. 1. A user of the configurable motion
sensor 1 comprising the sensor device 1’ and the asso-
ciated sensor hub 9 selects a desired application provid-
ed by an application server 16 which is connected to a
software database 17 containing a wide range of soft-
ware modules 14 for sports, fitness, ambulatory monitor-
ing and therapy applications. In order to select a specific
application the user employs a sensor interfacing device
18 such as a computer, a portable digital assistant (PDA)
or a mobile phone. Many services are available mean-
while for downloading software applications (referred to
as "apps") over the Internet to mobile devices, e.g. Ap-
ple’s App Store, Nokia’s Ovi Store and the Android Store.
The user can select a desired application using the sen-
sor interfacing device 18 from a plurality of applications
offered by the application server 16 for instance via a
web page of one of the just mentioned online stores. A
software module 14 corresponding to the desired appli-
cation is then downloaded from the software database
17 connected to the application server 16 via a commu-
nication network 19 such as the Internet to the sensor
interfacing device 18. Each of the software modules 14
requiring the use of a configurable motion sensor 1 com-
prises multiple components, i.e. a signal processing pro-
gram 11, a transmission protocol program 12 and an ap-
plication program 15, which are intended for different
parts of the configurable motion sensor 1. The sensor
interfacing device 18 is capable of extracting these dif-
ferent components 11, 12 & 15 from the software module
14 and providing them to the parts of the configurable
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motion sensor 1 for which they are intended. l.e. the sen-
sorinterfacing device 18 sends the signal processing pro-
gram 11 and the transmission protocol program 12 to the
sensordevice 1. Moreover, the sensor interfacing device
18 can also send configuration data 10 to the sensor
device 1’, so that the correct signal processing program
11 is selected for determining the desired motion param-
eter 13, and that the correct transmission protocol pro-
gram 12 is selected for sending the determined motion
parameter 13 to the sensor hub 9. Furthermore, the sen-
sor interfacing device 18 sends the transmission protocol
program 12 and the application program 15 to the sensor
hub 9. The sensor hub 9 requires the transmission pro-
tocol program 12 in order to be able to receive the motion
parameter 13 being sent by the sensor device 1’, and
requires the application.program 12 in order to be able
to post-process and/or display and/or store and/or for-
ward the received motion parameters 13. In the latter
case the received motion parameters 13 is forwarded,
i.e. uploaded to a remote computer or a data server 20
via the communication network 19, e.g. for centralised
storage of the motion parameters or for instance for shar-
ing them amongst a community of users such a group of
cyclists or joggers.

[0062] Alternatively, instead of utilizing a sensor inter-
facing device 18, the tasks performed by such a device
can be carried out directly by the sensor hub 9. l.e. the
sensor hub 9 can download the software module 14 from
the application server 16, extract the different compo-
nents 11, 12 & 15 and subsequently send the signal
processing program 11 and/or the transmission protocol
program 12 as well as the configuration data 10 to the
sensor device 1’ as indicated in Fig. 2 by the dashed
arrow and the dashed blocks.

[0063] Fig. 3 depicts in.a schematic representation a
sensor network comprising multiple sensor devices 1/,
15, 15°, 14 (the subscript representing the sensor device
index) which are connected to a single centralised, com-
mon sensor hub 9. Different configuration data 104, 105/,
105’, 104’ can be sent to each of the plurality of sensor
devices 14, 15, 15, 1, from the central sensor hub 9 by
using an appropriate addressing scheme as part of the
transmission protocol. The signal processing programs
114, 115°, 113, 11, as well as the transmission protocol
programs 124, 12,5, 125, 12, can also be distributed to
the different sensor devices 1, 15, 15, 1, from the cen-
tral sensor hub 9 by using such an addressing scheme.
Each sensor device 1, 15, 15, 1, then sends the data
that it has determined, i.e. motion parameters 13,’, 13,’,
135’, 134, to the common sensor hub 9, where it is cen-
trally post-processed, displayed to the user of the sensor
network, stored and/or uploaded to a remote computer
or data server 20 via a communication network 19 (both
not shown in Fig. 3; in this regard see Fig. 2).
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Claims

1. A method for configuring a motion sensor (1) com-
prising an accelerometer (2) and/or a gyroscope (2),
a processing unit (3), a memory unit (4), a program
selection means (7), a wireless transmitting unit (5),
and a receiving unit (6), the method comprising:

- providing configuration data (10) to the pro-
gram selection means (7);

- selecting by the program selection means (7)
a signal processing program (11) from a plurality
of signal processing programs (11) stored in the
memory unit (4) dependenton the provided con-
figuration data (10);

- determining by the processing unit (3) at least
one motion parameter (13) from one or more
output signals of the accelerometer (2) and/or
the gyroscope (2) using the selected signal
processing program (11);

- selecting a transmission protocol program (12)
from a plurality of transmission protocol pro-
grams (12) stored in the memory unit (4) de-
pendent on the provided configuration data (10);
and

- sending by the wireless transmitting unit (5)
the at least one motion parameter (13) or the
one or more output signals of the accelerometer
(2) and/or the gyroscope (2) or one or more sig-
nals based on said output signals using the se-
lected transmission protocol program (12),

wherein atleast one of the plurality of signal process-
ing programs (11) and/or at least one of the plurality
of transmission protocol programs (12) is received
by the receiving unit (6).

2. The method of claim 1, wherein the step of providing
configuration data (10) comprises:

- receiving by the receiving unit (6) the configu-
ration data (10).

3. The method of claim 1 or 2, wherein the motion sen-
sor (1) further comprises a motion classification
means (8), the method further comprising:

- extracting motion features from the one or more
output signals of the accelerometer (2) and/or
the gyroscope (2) ;

- identifying by the motion classification means
(8) a motion pattern from a plurality of motion
patterns based on the extracted motion fea-
tures; and

- generating at least part of the configuration da-
ta (10) related to selecting the transmission pro-
tocol program (12) from the plurality of transmis-
sion protocol programs (12) stored in the mem-
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ory unit (4) to be provided to the program selec-
tion means (7) dependent on the identified mo-
tion pattern.

4. The method of claim 1, further comprising:

- downloading a software module (14), which
comprises at least a signal processing program
(11) and a transmission protocol program (12),
from an application server (16) to a sensor in-
terfacing device (18) or sensor hub (9), such as
for instance a sports computer, a mobile phone
or a portable digital assistant;

- extracting the signal processing program (11)
and/or the transmission protocol program (12)
from the software module (14); and

- sending the signal processing program (11)
and/or the transmission protocol program (12)
from the sensor interfacing device (18) or sensor
hub (9) to the receiving unit (6).

The method of claim 4, further comprising receiving
by the sensor hub (9) using the transmission protocol
program (12) the at least one motion parameter (13)
or the one or more output signals of the accelerom-
eter (2) and/or the gyroscope (2) or one or more sig-
nals based on said output signals from the wireless
transmitting unit (5), and wherein the software mod-
ule (14) further comprises an application program
(15), and wherein the method further comprises ex-
tracting the application program (15) from the soft-
ware module (14) and executing by the sensor hub
(9) the application program (15) for post-processing
and/or displaying and/or storing the received at least
one motion parameter (13) or the one or more output
signals of the accelerometer (2) and/or the gyro-
scope (2) or one or more signals based on said out-
put signals from the wireless transmitting unit (5).

The method of claim 4 or 5, further comprising send-
ing by the wireless transmitting unit (5) information
regarding one or more of the following to the sensor
hub (9):

- configuration data (10);

- identification number, such as a serial number
or address data, of the motion sensor (1);

- list of signal processing programs (11) stored
in the memory unit (4);

- list of transmission protocol programs (12)
stored in the memory unit (4);

- information regarding one or more of the signal
processing programs (11) or one or more of the
transmission protocol programs (12) stored in
the memory unit (4), for instance a checksum or
a version number;

- information regarding the selected signal
processing program (11) or the selected trans-
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mission protocol program (12).

A configurable motion sensor (1) comprising an ac-
celerometer (2) and/or a gyroscope (2), a processing
unit (3), a memory unit (4), a wireless transmitting
unit (5), a receiving unit (6) and a program selection
means (7), wherein the processing unit (3) is con-
nected to the accelerometer (2) and/or the gyro-
scope (2), the memory unit (4), the wireless trans-
mitting unit (5), the receiving unit (6) and the program
selection means (7), and wherein the receiving unit
(6) is operable to receive configuration data (10), and
wherein the processing unit (3) is operable to deter-
mine at least one motion parameter (10) from one
or more output signals of the accelerometer (2)
and/or the gyroscope (2) using one of a plurality of
signal processing programs (11) storable in the
memory unit (4) and selectable by the program se-
lection means (7) dependent on the configuration
data (10), characterised in that the wireless trans-
mitting unit (5) is operable to transmit the at least
one motion parameter (10) using one of a plurality
of transmission protocol programs (12) storable in
the memory unit (4) and selectable by the program
selection means (7) dependent on the configuration
data (10), and wherein the receiving unit (6) is oper-
able to receive at least one of the plurality of signal
processing programs (11) and/or at least one of the
plurality of transmission protocol programs (12).

The configurable motion sensor (1) of claim 7, further
comprising a separate sensor hub (9), such as for
instance a sports computer, a mobile phone or a per-
sonal digital assistant, wherein the wireless trans-
mitting unit (5) is wirelessly connected to the sensor
hub (9), and wherein the sensor hub (9) is adapted
to receive one or more of the following from the wire-
less transmitting unit (5):

- configuration data (10);

- identification number, such as a serial number
or address data, of the motion sensor (1);

- list of signal processing programs (11) stored
in the memory unit (4);

- list of transmission protocol programs (12)
stored in the memory unit (4);

- information regarding one or more of the signal
processing programs (11) or one or more of the
transmission protocol programs (12) stored in
the memory unit (4), for instance a checksum or
a version number;

- information regarding the selected signal
processing program (11) or the selected trans-
mission protocol program (12).

9. The configurable motion sensor (1) of claim 7 or 8,

wherein the sensor hub (9) is connected to the re-
ceiving unit (6) via a wireless connection or via a
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wired connection and wherein the sensor hub (9) is
further adapted to perform one or more of the follow-

ing:

- send configuration data (10);
- send a signal processing program (11);
- send a transmission protocol program (12);

to the receiving unit (6).

The configurable motion sensor (1) of one of the
claims 7 to 9, further comprising motion classification
means (8) capable of identifying a plurality of motion
patterns based on motion features extractable from
the one or more output signals of the accelerometer
(2) and/or the gyroscope (2), wherein the motion
classification means (8) is connected to the program
selection means (7) and determines the transmis-
sion protocol program (12) to be employed for trans-
mitting the at least one motion parameter (10).

A system operable to configure a configurable mo-
tion sensor (1’) according to one of the claims 7 to
10, the system comprising an application server (16)
with a software database (17), a sensor interfacing
device (18), such as for instance a computer, and
the configurable motion sensor (1’), wherein a plu-
rality of software modules (14) requiring the config-
urable motion sensor (1) to determine at least one
motion parameter (10) are stored in the software da-
tabase (17), and wherein each of the plurality of soft-
ware modules (14) requiring the configurable motion
sensor (1’) comprises an application program (15),
asignal processing program (11) and a transmission
protocol program (12), and wherein the sensor inter-
facing device (18) is operable to download a selected
software module (14) via a communication network
(19) and to extract the signal processing program
(11) and the transmission protocol program (12) from
the selected software module (14) and to upload the
signal processing program (11) and the transmission
protocol program (12) to the configurable motion
sensor (1°).

The system of claim 11, wherein the sensor interfac-
ing device (18)is operable to send configuration data
(10) which determine the signal processing program
(11) and/or the transmission protocol program (12)
to be used in the configurable motion sensor (1°) to
the configurable motion sensor (1°).

The system of claim 11 or 12, wherein the sensor
interfacing device (18) is further operable to extract
the application program (15) from the selected soft-
ware module (14) and to upload the application pro-
gram (15) and the transmission protocol program
(12) toa sensorhub (9), such as forinstance a sports
computer, a mobile phone or a personal digital as-
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sistant, intended in be operationally connected with
the configurable motion sensor (1°).

The system of one of the claims 11 to 13, wherein
the sensor hub (9) is the sensor interfacing device
(18), and wherein the sensor hub (9) is operable to
execute the application program (15) and the trans-
mission protocol program (12).

Patentanspriiche

1.

Ein Verfahren zum Konfigurieren eines Bewegungs-
sensors (1) umfassend ein Beschleunigungsmesser
(2) und/oder ein Kreisel (2), eine Verarbeitungsein-
heit (3), eine Speichereinheit (4), ein Programmaus-
wahlmittel (7), eine drahtlose Sendeeinheit (5) und
eine Empfangereinheit (6), wobei das Verfahren fol-
gende Schritte umfasst:

- Bereitstellen von Konfigurationsdaten (10) fur
das Programmauswahimittel (7);

- Auswahlen mittels des ProgrammauswahImit-
tels (7) eines Signalverarbeitungsprogramms
(11) aus einer Vielzahl von Signalverarbeitungs-
programmen (11), welche inder Speichereinheit
(4) gespeichert sind, in Abhangigkeit der bereit-
gestellten Konfigurationsdaten (10);

- Bestimmen mittels der Verarbeitungseinheit
(3) von mindestens einem Bewegungsparame-
ter (13) aus einem oder mehreren Ausgangssi-
gnalen des Beschleunigungsmessers (2)
und/oder des Kreisels (2) mittels des ausge-
wahlten Signalverarbeitungsprogramms (11);

- Auswiahlen eines Ubertragungsprotokollpro-
gramms (12) aus einer Vielzahl von Ubertra-
gungsprotokollprogrammen (12), welche in der
Speichereinheit (4) gespeichert sind, in Abhan-
gigkeit der bereitgestellten Konfigurationsdaten
(10);

- Senden mittels der drahtlosen Sendeeinheit
(5) des mindestens einen Bewegungsparame-
ters (13) oder des einen oder der mehreren Aus-
gangssignale des Beschleunigungsmessers (2)
und/oder des Kreisels (2) oder eines oder meh-
rere Signale, welche auf den besagten Aus-
gangssignalen basieren, mittels des ausge-
wahlten Ubertragungsprotokollprogramms
(12),

wobei mindestens eines aus der Vielzahl von Sig-
nalverarbeitungsprogrammen (11) und/oder min-
destens eines aus der Vielzahl von Ubertragungs-
protokollprogrammen (12) mittels der Empfange-
reinheit (6) empfangen wird.

Das Verfahren nach Anspruch 1, wobei der Schritt
des Bereitstellens von Konfigurationsdaten (10) fol-
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gendes umfasst:

- Empfangen mittels der Empfangereinheit (6)
der Konfigurationsdaten (10).

Das Verfahren nach Anspruch 1 oder 2, wobei der
Bewegungssensor (1) weiter ein Bewegungsklassi-
fikationsmittel (8) umfasst, und wobei das Verfahren
weiter folgende Schritte umfasst:

- Extrahieren eines Bewegungsmerkmals aus
einem oder mehreren Ausgangssignalen des
Beschleunigungsmessers (2) und/oder des
Kreisels (2);

- ldentifizieren mittels des Bewegungsklassifi-
kationsmittels (8) eines Bewegungsmusters aus
einer Vielzahl von Bewegungsmustern basie-
rend auf den extrahierten Bewegungsmerkma-
len; und

- Generieren von mindestens einem Teil der
Konfigurationsdaten (10) betreffend das Aus-
wéhlen des Ubertragungsprotokollprogramms
(12) aus der Vielzahl von Ubertragungsproto-
kollprogrammen (12), welche in der Speicher-
einheit (4) gespeichert sind, welcher dem Pro-
grammauswahlmittel (7) in Abhangigkeit des
identifizierten Bewegungsmusters bereitgestellt
wird.

4. Das Verfahren nach Anspruch 1, weiter umfassend

folgende Schritte:

- Herunterladen eines Softwaremoduls (14),
welches mindestens ein Signalverarbeitungs-
programm und ein Ubertragungsprotokollpro-
gramm (12) umfasst, von einem Applikations-
server (16) zu einem Sensorschnittstellengerat
(18) oder einem Sensorknoten (9), wie bei-
spielsweise ein Sportcomputer, ein Mobiltelefon
oder ein portabler digitaler Assistent;

- Extrahieren des Signalverarbeitungspro-
gramms (11) und/oder des Ubertragungsproto-
kollprogramms (12) aus dem Softwaremodul
(14); und

- Senden des Signalverarbeitungsprogramms
(11) und/oder des Ubertragungsprotokollpro-
gramms (12) von dem Sensorschnittstellenge-
rat (18) oder dem Sensorknoten (9) an die Emp-
fangereinheit (6).

Das Verfahren nach Anspruch 4, weiter umfassend
Empfangen mittels des Sensorknotens (9) mittels
des Ubertragungsprotokollprogramms (12) des min-
destens einen Bewegungsparameters (13) oder des
einen oder der mehreren Ausgangssignale des Be-
schleunigungsmessers (2) und/oder des Kreisels (2)
oder eines oder mehrere Signale, welche auf den
besagten Ausgangssignalen basieren, von der
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drahtlosen Sendeeinheit (5), und wobei das Soft-
waremodul (14) weiter ein Applikationsprogramm
(15) umfasst, und wobei das Verfahren weiter um-
fasst Extrahieren des Applikationsprogramms (15)
aus dem Softwaremodul (14) und Ausfiihren des Ap-
plikationsprogramms (15) mittels des Sensorkno-
tens (9) zur Nachverarbeitung und/oder zur Anzeige
und/oder zum Speichern des empfangenen mindes-
tens einen Bewegungsparameters (13) oder des ei-
nen oder der mehreren Ausgangssignale des Be-
schleunigungsmessers (2) und/oder des Kreisels (2)
oder eines oder mehrere Signale, welche auf den
besagten Ausgangssignalen basieren, von der
drahtlosen Sendeeinheit (5).

Das Verfahren nach Anspruch 4 oder 5, weiter um-
fassend Senden mittels der drahtlosen Sendeeinheit
(5) von Informationen betreffend eines oder mehre-
rer der folgenden zum Sensorknoten (9):

- Konfigurationsdaten (10);

- ldentifikationsnummer, wie eine Seriennum-
mer oder Adressdaten, des Bewegungssensors
(1);

- Liste von Signalverarbeitungsprogrammen
(11), welche in der Speichereinheit (4) gespei-
chert sind;

- Liste von Ubertragungsprotokollprogrammen
(11), welche in der Speichereinheit (4) gespei-
chert sind;

- Informationen betreffend eines oder mehrere
der Signalverarbeitungsprogramme (11) oder
eines oder mehrere der Ubertragungsprotokoll-
programme (12), welche in der Speichereinheit
(4) gespeichert sind, beispielsweise eine
Checksumme oder eine Versionennummer;

- Informationen betreffend das ausgewahlte Si-
gnalverarbeitungsprogramm (11) oder das aus-
gewahlte Ubertragungsprotokollprogramm
(12).

Ein konfigurierbarer Bewegungssensor (1) umfas-
send ein Beschleunigungsmesser (2) und/oder ein
Kreisel (2), eine Verarbeitungseinheit (3), eine Spei-
chereinheit (4), ein Programmauswahlmittel (7), eine
drahtlose Sendeeinheit (5) und eine Empfangerein-
heit (6), wobei die Verarbeitungseinheit (3) mit dem
Beschleunigungsmesser (2) und/oder dem Kreisel
(2), der Speichereinheit (4), der drahtlose Sendeein-
heit (5), der Empfangereinheit (6) und dem Program-
mauswahlmittel (7) verbunden ist, und wobei die
Empféngereinheit (6) betreibbar ist um Konfigurati-
onsdaten (10) zu empfangen, und wobei die Verar-
beitungseinheit (3) betreibbar ist um mindestens ei-
nen Bewegungsparameter (13) aus einem oder
mehreren Ausgangssignalen des Beschleunigungs-
messers (2) und/oder des Kreisels (2) mittels eines
einer Vielzahl von Signalverarbeitungsprogrammen
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(11) zu bestimmen, welche in der Speichereinheit
(4) speicherbar und mittels des Programmauswahl-
mittels (7) in Abhangigkeit der Konfigurationsdaten
(10) auswahlbar sind, dadurch gekennzeichnet,
dass die drahtlose Sendeeinheit (5) betreibbar ist
um den mindestens einen Bewegungsparameter
(10) mittels eines einer Vielzahl von Ubertragungs-
protokollprogrammen (12) zu senden, welche in der
Speichereinheit (4) speicherbar und mittels des Pro-
grammauswahlmittels (7) in Abhangigkeit der Kon-
figurationsdaten (10) auswahlbar sind, und wobei
die Empfangereinheit (6) betreibbar ist um mindes-
tens eines aus der Vielzahl von Signalverarbeitungs-
programmen (11) und/oder eines aus der Vielzahl
von Ubertragungsprotokollprogrammen (12) zu
empfangen.

Der konfigurierbare Bewegungssensor (1) nach An-
spruch 7, weiter umfassend einen separaten Sen-
sorknoten (9), wie beispielsweise ein Sportcompu-
ter, ein Mobiltelefon oder ein portabler digitaler As-
sistent, wobei die drahtlose Sendeeinheit (5) draht-
los mitdem Sensorknoten (9) verbunden ist, und wo-
bei der Sensorknoten (9) ausgebildet ist um eines
oder mehrere der folgenden von der drahtlosen Sen-
deeinheit (5) zu empfangen:

- Konfigurationsdaten (10);

- ldentifikationsnummer, wie eine Seriennum-
mer oder Adressdaten, des Bewegungssensors
(1);

- Liste von Signalverarbeitungsprogrammen
(11), welche in der Speichereinheit (4) gespei-
chert sind;

- Liste von Ubertragungsprotokollprogrammen
(12), welche in der Speichereinheit (4) gespei-
chert sind;

- Informationen betreffend eines oder mehrere
der Signalverarbeitungsprogrammen (11) oder
eines oder mehrere der Ubertragungsprotokoll-
programmen (12), welche in der Speichereinheit
(4) gespeichert sind, beispielsweise eine
Checksumme oder eine Versionennummer;

- Informationen betreffend das ausgewahlte Si-
gnalverarbeitungsprogramm (11) oder das aus-
gewahlte Ubertragungsprotokollprogramm
(12).

Der konfigurierbare Bewegungssensor (1) nach An-
spruch 7 oder 8, wobei der Sensorknoten (9) mit der
Empfangereinheit (6) via eine drahtlose oder eine
drahtgebundene Verbindung verbunden ist, und wo-
bei der Sensorknoten (9) weiter ausgebildet ist um
eines oder mehrere der folgenden auszufiihren:

- Senden von Konfigurationsdaten (10);
- Senden eines Signalverarbeitungsprogramms

(11);
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- Senden eines Ubertragungsprotokollpro-
gramms (12);

an die Empfangereinheit (6).

Der konfigurierbare Bewegungssensor (1) nach ei-
nem der Anspriiche 7 bis 9, weiter umfassend ein
Bewegungsklassifikationsmittel (8), welches im-
stande ist, eine Vielzahl von Bewegungsmustern zu
identifizieren basierend auf Bewegungsmerkmalen,
welche extrahierbar sind aus einem oder mehreren
Ausgangssignalen des Beschleunigungsmessers
(2) und/oder des Kreisels (2), wobei das Bewe-
gungsklassifikationsmittel (8) mit dem Programm-
auswahlmittel (7) verbunden ist und das Ubertra-
gungsprotokollprogramm (12) bestimmt, welches
zum Senden des mindestens einen Bewegungspa-
rameters (10) verwendet wird.

Ein System, welches betreibbar ist um einen konfi-
gurierbaren Bewegungssensor (1°) nach einem der
Anspriche 7 bis 10 zu konfigurieren, wobei das Sys-
tem ein Applikationsserver (16) mit einer Software-
datenbank (17), ein Sensorschnittstellengerat (18),
wie beispielsweise ein Computer, und den konfigu-
rierbaren Bewegungssensor (1’) umfasst, wobei ei-
ne Vielzahl von Softwaremodulen (14), welche den
konfigurierbaren Bewegungssensor (1’) bendtigen
um mindestens einen Bewegungsparameter (10) zu
bestimmen, in der Softwaredatenbank (17) gespei-
chert sind, und wobei jedes der Vielzahl von Soft-
waremodulen (14), welche den konfigurierbaren Be-
wegungssensor (1’) benétigen, ein Applikationspro-
gramm (15), ein Signalverarbeitungsprogramm (11)
und ein Ubertragungsprotokollprogramm (12) um-
fasst, und wobei das Sensorschnittstellengerat (18)
betreibbar ist um ein ausgewahltes Softwaremodul
(14) via ein Kommunikationsnetzwerk (19) herunter-
zuladen, und das Signalverarbeitungsprogramm
(11) und das Ubertragungsprotokollprogramm (12)
aus dem ausgewahlten Softwaremodul (14) zu ex-
trahieren und das Signalverarbeitungsprogramm
(11) und das Ubertragungsprotokollprogramm (12)
auf den konfigurierbaren Bewegungssensor (1°)
hochzuladen.

Das System nach Anspruch 11, wobei das Sensor-
schnittstellengerat (18) betreibbar ist um Konfigura-
tionsdaten (10), welche bestimmen, welches Signal-
verarbeitungsprogramm (11) und/oder welches
Ubertragungsprotokollprogrammen (12) im konfigu-
rierbaren Bewegungssensor (1’) verwendet wird, an
den konfigurierbaren Bewegungssensor (1°) zu sen-
den.

Das System nach Anspruch 11 oder 12, wobei das
Sensorschnittstellengerat (18) weiter betreibbar ist
um das Applikationsprogramm (15) aus dem ausge-
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wahlten Softwaremodul (14) zu extrahieren und das
Applikationsprogramm (15) und das Ubertragungs-
protokollprogramm (12) auf einen Sensorknoten (9),
wie beispielsweise ein Sportcomputer, ein Mobilte-
lefon oder ein portabler digitaler Assistent, welcher
vorgesehen ist um mit dem konfigurierbaren Bewe-
gungssensor (1’) wirkverbunden zu sein, hochzula-
den.

Das System nach einem der Anspriiche 11 bis 13,
wobei der Sensorknoten (9) das Sensorschnittstel-
lengerat (18) ist, und wobei der Sensorknoten (9)
betreibbar ist um das Applikationsprogramm (15)
und das Ubertragungsprotokollprogramm (12) aus-
zufhren.

Revendications

Procédé de configuration d’'un capteur de mouve-
ment (1) comprenant un accéléromeétre (2) et/ou un
gyroscope (2), une unité de traitement (3), une unité
de mémoire (4), un moyen de sélection de program-
me (7), une unité de transmission sans fil (5) et une
unité de réception (6), le procédé consistant a:

- fournir des données de configuration (10) au
moyen de sélection de programme (7);

- sélectionner, a 'aide du moyen de sélection
de programme (7), un programme de traitement
de signal (11) parmi une pluralité de program-
mes de traitement de signal (11) stockés dans
'unité de mémoire (4) en fonction des données
de configuration fournies (10);

- déterminer, a l'aide de l'unité de traitement (3),
au moins un parametre de mouvement (13) a
partir d’'un ou de plusieurs signaux de sortie de
'accélérométre (2) et/ou du gyroscope (2) a
I'aide du programme de traitement de signal sé-
lectionné (11);

- sélectionner un programme de protocole de
transmission (12) parmi une pluralité de pro-
grammes de protocole de transmission (12)
stockés dans l'unité de mémoire (4) en fonction
des données de configuration fournies (10); et
- envoyer par le biais de I'unité de transmission
sans fil (5) le au moins un paramétre de mou-
vement (13) ou le ou les signaux de sortie de
I'accélérométre (2) et/ou du gyroscope (2) ou un
ou plusieurs signaux sur la base desdits signaux
de sortie a 'aide du programme de protocole de
transmission sélectionné (12),

dans lequel au moins un programme parmi la plura-
lité de programmes de traitement de signal (11) et/ou
au moins un programme parmi la pluralité de pro-
grammes de protocole de transmission (12) est recu
par l'unité de réception (6).
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Procédé selon larevendication 1, dans lequel I'étape
visant a fournir des données de configuration (10)
consiste a:

-recevoir parl'unité de réception (6) les données
de configuration (10).

Procédé selon la revendication 1 ou 2, dans lequel
le capteur de mouvement (1) comprend en outre un
moyen de classification de mouvement (8), le pro-
cédé consistant en outre a:

- extraire des caractéristiques de mouvement a
partir du ou des signaux de sortie de I'accéléro-
metre (2) et/ou du gyroscope (2);

- identifier par le biais du moyen de classification
de mouvement (8) un modéle de mouvement
parmi une pluralité de modeles de mouvement
sur la base des caractéristiques de mouvement
extraites; et

- générer au moins une partie des données de
configuration (10) correspondantes en sélec-
tionnant le programme de protocole de trans-
mission (12) parmi la pluralité de programmes
de protocole de transmission (12) stockés dans
I'unité de mémoire (4) a fournir au moyen de
sélection de programme (7) en fonction du mo-
déle de mouvement identifié.

4. Procédéselonlarevendication 1, consistant en outre

a:

- télécharger un module logiciel (14) qui com-
prend au moins un programme de traitement de
signal (11) et un programme de protocole de
transmission (12), a partir d’'un serveur d’appli-
cation (16) vers un dispositif d’'interface de cap-
teur (18) ou vers un concentrateur de capteurs
(9), comme par exemple un ordinateur de sport,
un téléphone mobile ou un assistant numérique
portable;

- extraire le programme de traitement de signal
(11) et/ou le programme de protocole de trans-
mission (12) du module logiciel (14); et

- envoyer le programme de traitement de signal
(11) et/ou le programme de protocole de trans-
mission (12) depuis le dispositif d’'interface de
capteur (18) ou le concentrateur de capteurs (9)
vers l'unité de réception (6).

Procédé selonlarevendication 4, consistant en outre
a recevoir par le concentrateur de capteurs (9) a
I'aide du programme de protocole de transmission
(12), le au moins un parametre de mouvement (13)
ou le ou les signaux de sortie de I'accélérométre (2)
et/ou du gyroscope (2) ou un ou plusieurs signaux
basés surlesdits signaux de sortie de I'unité de trans-
mission sans fil (5), et dans lequel le module logiciel
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(14) comprend en outre un programme d’application
(15), et dans lequel le procédé consiste en outre a
extraire le programme d’application (15) du module
logiciel (14) et a exécuter par le concentrateur de
capteurs (9) le programme d’application (15) pour le
post-traitement et/ou pour afficher et/ou pour stocker
le au moins un parameétre de mouvement (13) regu
ou le ou les signaux de sortie de I'accélérométre (2)
et/ou du gyroscope (2) ou un ou plusieurs signaux
basés sur lesdits signaux de sortie a partir de l'unité
de transmission sans fil (5).

Procédé selon larevendication 4 ou 5, consistant en
outre a envoyer par le biais de I'unité de transmission
sans fil (5) des informations concernant un ou plu-
sieurs des éléments suivants vers le concentrateur
de capteurs (9) :

- des données de configuration (10);

- un numéro d’identification, comme un numéro
de série ou des données d’adresse, du capteur
de mouvement (1);

- une liste de programmes de traitement de si-
gnal (11) stockés dans I'unité de mémoire (4);
- une liste de programmes de protocole de trans-
mission (12) stockés dans I'unité de mémoire
(4);

- des informations concernant un ou plusieurs
des programmes de traitement de signal (11) ou
un ou plusieurs des programmes de protocole
de transmission (12) stockés dans I'unité de mé-
moire (4), par exemple une somme de contréle
ou un numeéro de version;

- des informations concernant le programme de
traitement de signal sélectionné (11) ou le pro-
gramme de protocole de transmission sélection-
né (12).

Capteurde mouvementconfigurable (1) comprenant
un accélérometre (2) et/ou un gyroscope (2), une
unité de traitement (3), une unité de mémoire (4),
une unité de transmission sans fil (5), une unité de
réception (6) et un moyen de sélection de program-
me (7), dans lequel l'unité de traitement (3) est rac-
cordée a I'accélérométre (2) et/ou au gyroscope (2),
a l'unité de mémoire (4), a I'unité de transmission
sans fil (5), a 'unité de réception (6) et au moyen de
sélection de programme (7), et dans lequel l'unité
de réception (6) peut étre utilisée pour recevoir des
données de configuration (10) et dans lequel l'unité
de traitement (3) peut étre utilisée pour déterminer
au moins un parameétre de mouvement (10) a partir
d’un ou de plusieurs signaux de sortie de 'accélé-
rometre (2) et/ou du gyroscope (2) a I'aide d’'un pro-
gramme parmi une pluralité de programmes de trai-
tement de signal (11) pouvant étre stockés dans
I'unité de mémoire (4) et pouvant étre sélectionnés
par le moyen de sélection de programme (7) en fonc-
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tion des données de configuration (10), caractérisé
en ce que l'unité de transmission sans fil (5) peut
étre utilisée pour transmettre le au moins un para-
meétre de mouvement (10) a 'aide d’'un programme
parmi une pluralité de programmes de protocole de
transmission (12) pouvant étre stockés dans l'unité
de mémoire (4) et pouvant étre sélectionnés par le
moyen de sélection de programme (7) en fonction
des données de configuration (10), et dans lequel
I'unité de réception (6) peut étre utilisée pour recevoir
au moins un programme parmi la pluralité de pro-
grammes de traitement de signal (11) et/ou au moins
un programme parmi la pluralité de programmes de
protocole de transmission (12).

Capteur de mouvement configurable (1) selon la re-
vendication 7, comprenant en outre un concentra-
teur de capteurs (9) séparé, comme par exemple un
ordinateur de sport, un téléphone mobile ou un as-
sistant personnel numérique, dans lequel l'unité de
transmission sans fil (5) est raccordée sans fil au
concentrateur de capteurs (9), etdans lequel le con-
centrateur de capteurs (9) est adapté pour recevoir
un ou plusieurs des éléments suivants depuis l'unité
de transmission sans fil (5):

- des données de configuration (10);

- un numéro d’identification, comme un numéro
de série ou des données d’adresse, du capteur
de mouvement (1);

- une liste de programmes de traitement de si-
gnal (11) stockés dans I'unité de mémoire (4);
- une liste de programmes de protocole de trans-
mission (12) stockés dans l'unité de mémoire
(4);

- des informations concernant un ou plusieurs
des programmes de traitement de signal (11) ou
un ou plusieurs des programmes de protocole
de transmission (12) stockés dans I'unité de mé-
moire (4), par exemple une somme de contréle
ou un numéro de version;

- des informations concernant le programme de
traitement de signal sélectionné (11) ou le pro-
gramme de protocole de transmission sélection-
né (12).

Capteur de mouvement configurable (1) selon la re-
vendication 7 ou 8, dans lequel le concentrateur de
capteurs (9) est raccordé a 'unité de réception (6)
via une connexion sans fil ou via une connexion fi-
laire et dans lequel le concentrateur de capteurs (9)
est en outre adapté pour réaliser une ou plusieurs
des actions suivantes:

- envoyer des données de configuration (10);
- envoyer un programme de traitement de signal
(11);

- envoyer un programme de protocole de trans-
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mission (12);
a l'unité de réception (6).

Capteur de mouvement configurable (1) selon 'une
des revendications 7 a 9, comprenant en outre un
moyen de classification de mouvement (8) capable
d’identifier une pluralité de modéles de mouvement
sur la base de caractéristiques de mouvement pou-
vant étre extraites depuis le ou les signaux de sortie
de I'accélérométre (2) et/ou du gyroscope (2), dans
lequel le moyen de classification de mouvement (8)
est raccordé au moyen de sélection de programme
(7) et détermine le programme de protocole de trans-
mission (12) a utiliser pour transmettre le au moins
un parameétre de mouvement (10).

Systeme pouvant étre utilisé pour configurer un cap-
teur de mouvement configurable (1’) selon I'une des
revendications 7 a 10, le systtme comprenant un
serveur d’application (16) avec une base de données
logicielle (17), un dispositif d’interface de capteur
(18), comme par exemple un ordinateur, etle capteur
de mouvement configurable (1’), dans lequel une
pluralité de modules logiciels (14) nécessitantle cap-
teur de mouvement configurable (1’) pour détermi-
ner au moins un parametre de mouvement (10) sont
stockés dans la base de données logicielle (17), et
dans lequel chacune des pluralités de modules lo-
giciels (14) nécessitant le capteur de mouvement
configurable (1’) comprend un programme d’appli-
cation (15), un programme de traitement de signal
(11) et un programme de protocole de transmission
(12), et dans lequel le dispositif d’interface de cap-
teur (18) peut étre utilisé pour télécharger un module
logiciel sélectionné (14) via un réseau de communi-
cation (19) et pour extraire le programme de traite-
ment de signal (11) et le programme de protocole
de transmission (12) depuis le module logiciel sélec-
tionné (14) et de télécharger le programme de trai-
tement de signal (11) et le programme de protocole
de transmission (12) vers le capteur de mouvement
configurable (1°).

Systeme selon la revendication 11, dans lequel le
dispositif d’'interface de capteur (18) peut étre utilisé
pour envoyer au capteur de mouvement configura-
ble (1’) des données de configuration (10) qui déter-
minent le programme de traitement de signal (11)
et/ou le programme de protocole de transmission
(12) a utiliser dans le capteur de mouvement confi-
gurable (1°).

Systeme selon la revendication 11 ou 12, dans le-
quel le dispositif d’interface de capteur (18) peut en
outre étre utilisé pour extraire le programme d’appli-
cation (15) du module logiciel sélectionné (14) et
pour télécharger le programme d’application (15) et
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le programme de protocole de transmission (12) vers
un concentrateur de capteurs (9), comme par exem-
ple un ordinateur de sport, un téléphone mobile ou
un assistant numérique personnel, destiné a étre
raccordé de fagon opérationnelle au capteur de mou-
vement configurable (1°).

Systéme selon I'une des revendications 11 a 13,
dans lequel le concentrateur de capteurs (9) est le
dispositif d’'interface de capteur (18) et dans lequel
le concentrateur de capteurs (9) peut étre utilisé pour
exécuter le programme d’application (15) et le pro-
gramme de protocole de transmission (12).
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