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DESCRIPTION

State of the art

[0001] The Invention relates to a method as defined In claim 1 and an electronic pen, as
defined in claim 10. Advantageous embodiments are to be found in the dependent claims.

[0002] The ever iIncreasing use of electronic Iinformation and communication systems,

especially of personal computers (PCs), laptops, tablets and smart phones In everyday life,
leisure and work, makes it worthwhile to develop improvements of human-machine interfaces.

[0003] As human-machine interfaces, besides Input devices such as keyboard, mouse or
touch-sensitive surfaces, freely-guided and electronic-based devices, such as electronic
scalpels or other electronic tools, such as In particular electronic pens, are especially of
Interest.

[0004] Electronic pens have Inter alia the advantage that they can combine the functionality
and simplicity of writing with a pen on a surface with the much more numerous possibilities of
electronic data processing. Thereby 1t I1s desirable that the electronic pen Is similar to a
conventional pen as far as possible in appearance and handling.

[0005] In WOO02/07424A2 for example, an electronic Iinformation system for handwriting
recognition Is described, which has a pen and a tablet with pressure- or induction-sensitive
surface and in which the movements of the pen or the pen tip are captured either from the
pressure or Induction-sensitive surface of the tablet or by acceleration sensors or optical
Sensors.

[0006] The sensor data can then be transmitted wirelessly to a PC, which can, based on the
received pen motion data, perform handwriting recognition. A further example for an electronic

pen Input system iIs given In US 4 931 965 A and general background information on
processing motion data from input devices can be found in US 2011/0288805 A1 and EP 2 264
580 A2.

[0007] In general for the capture of movements of a freely-guided device, for example an
electronic pen, by measurement sensors, such as for example acceleration sensors or rotation
rate sensors, the data of said sensors have to be integrated once or twice so as to obtain a
velocity signal (first integration) or a trajectory or location signal (second integration) of the
freely-guided device, e.g. of an electronic pen.

[0008] A disadvantage of this double Integration I1s mainly that even small errors Iin the
measurements of acceleration and / or angular velocities by the measuring sensors of the
freely-guided electronic device, e.g. an electronic stylus, may result in the first integration to
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larger errors Iin the determination of the velocity / the velocity signal, which in turn can lead
after integration of the velocity signal to even larger errors in the determined trajectory or in the
determined location signal.

Task

[0009] It I1s therefore the object of the present invention to improve a freely-guided electronic
device, especially with respect to the accuracy with which movements or trajectories of the
freely-guided device can be captured and determined.

Solution

[0010] According to the present invention, this object is achieved by a method for determining
at least one motion parameter of a freely-guided electronic device of the type specified Iin the
preamble of claim 1 as well as by a freely-guided electronic device of the type specified in the
preamble of claim 10.

[0011] Advantageous embodiments and further developments are the subject matter of the
subclaims.

[0012] A freely-guided electronic device can herein be understood as a device, which can be
moved freely by a user, for example by hand or by foot, and which may be provided with
electronic components, such as, for example, measurement sensors.

[0013] For example, said freely-guided electronic device can be an electronic pen, an
electronic glove, for example, for applications with a massage or for orthopedic applications, a
prosthesis, an electronic tool, e.g. a machining tool, a brush, or the like.

[0014] A method according to the present invention for determining at least one motion
parameter of a freely-guided electronic device on a substrate, such as the velocity of
movement of the electronic device, may comprise a measurement of a vibration signal, which
IS generated by the interaction of the electronic device and the substrate, and a determination
of the motion parameter of the electric device, for example said velocity of movement of the
electronic device, from said measured vibration signal of the electronic device.

[0015] For example the to be determined at least one motion parameter can be the velocity of
a pen movement of an electronic pen, and the vibration signal can, for example, be generated
by the interaction of the electronic pen with the substrate, for example a substrate such as
paper. The determination of the velocity of the pen movement of the electronic pen, for
example, can then be determined according to the Iinvention from said measured vibration
signal.
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[0016] The vibration signal can thereby be generated by the contact of the freely-guided
electronic device with a substrate, and can inter alia for example be measured with vibration
sensors or acoustic sensors, such as for example microphones.

[0017] When for example the tip of an electronic pen, for example the writing rod tip, 1Is moving
with a specific contact pressure on a writing substrate vibrations can occur. During handwriting
these vibrations can be both felt and heard and can be measured, inter alia, via vibration
sensors or acoustic microphones.

[0018] Likewise, however, the vibrations or a vibration signal can be measured or determined
by the measurement sensors of the freely-guided electronic device, for example an electronic
pen, from the acceleration sensors data, and may serve to determine the motion, orientation
and position of the freely-guided electronic device.

[0019] The vibration signal can thereby be measured along one axis or for one dimension, or
also along two or three axes or for two or three dimensions. For example, the vibration signal
can be measured with respect to a two- or three-dimensional reference system for the
determination of motion, orientation and position of the freely-guided electronic device.

[0020] The determination according to the invention of the motion parameter of the freely-
guided electronic device, for example an electronic pen, from the measured vibration signal of
the freely-guided electronic device, for example an electronic pen, advantageously allows to
iImprove the calculation of a trajectory / of trajectories of the freely-guided electronic device, for
example an electronic pen, 1.e. allows to improve the accuracy of the calculation of the
traversed distance(s) covered by the freely-guided electronic device, for example an electronic
pen, or the accuracy with which the position / the location signal of the freely-guided device, for
example an electronic pen, can be determined.

[0021] The determination of the motion parameter of the freely-guided electronic device, for
example an electronic pen, from the measured vibration signal of the freely-guided electronic
device, can for example comprise the determination of the velocity of movement of the freely-
guided electronic device, for example the velocity of a pen movement or pen velocity, wherein
the term velocity may also comprise angular velocities.

[0022] Advantageously, the determination of the motion parameter, In particular the
determination of the velocity of movement of the freely-guided electronic device, 1.e. for
example the determination of the velocity of pen movements, can thereby be carried out
without the integration of acceleration data, in particular without the integration of translational
acceleration data.

[0023] The thus determined velocity / determined velocity data of the device movement, for
example a pen movement, or the device movement velocity, for example a writing velocity, can
serve as a basis for the calculation of the trajectory / trajectories of the freely-guided electronic
device, for example an electronic pen, wherein the trajectory / trajectories of the freely-guided
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electronic device, for example an electronic pen, may for example be determined from a single
Integration of velocity data derived from said measured vibration signal of the freely-guided
electronic device, for example an electronic pen.

[0024] In other words, for example, the calculation of the trajectory / trajectories of the freely-
guided electronic device, for example an electronic pen, can already be achieved with a single
Integration, namely with the single integration based on velocity data determined from the
vibration signal of the freely-guided electronic device, for example an electronic pen, rather
than with a conventional double integration of acceleration data.

[0025] Besides the reduction of the number of necessary integration steps, the shortened
Integration time of a single integration of velocity data can, in comparison with conventional
methods for the calculation of the trajectory of a freely-guided electronic device, for example
an electronic pen, can lead to an improved accuracy of the trajectory calculation, since a
typical movement of the freely-guided electric device, for example a writing movement, may
usually only last a few seconds.

[0026] Moreover, the vibration signal, which serves to determine the motion parameter of the
freely-guided electronic device, for example an electronic pen, can be determined from an
acceleration signal and / or from an acoustic signal.

[0027] This can, for example, be achieved via the data from the measurement sensors of the
freely-guided electronic device, for example the measurement sensors of an electronic pen, as
well as for example via data from already existing acceleration sensors, and / or via data from
a vibration sensor specifically designed for the measurement of said vibration signal, and / or
from data of an acoustic sensor, for example microphone.

[0028] Since usually a freely-guided electronic device, for example an electronic pen, Is
already equipped with acceleration sensors for the determination of position and motion, it can
be advantageous to use the acceleration data of these already present acceleration sensors
for the determination of the vibration signal. The vibration signal can therefore be filtered out
from already present acceleration data as additional information.

[0029] While In conventional methods for the determination of the trajectory of a freely-guided
electronic device, for example an electronic pen on a writing substrate, this additional
Information Is not taken into account or is even seen as a source of interference, the present
Invention allows to extract a vibration signal from the acceleration data, which can significantly
iImprove the accuracy of the trajectory calculation of the freely-guided electronic device, for
example an electronic pen.

[0030] In addition, an unnecessary increase In the complexity of the construction of the freely-
guided electronic device, for example an electronic pen, can be avoided, since there IS no
need for additional internal and / or external sensors.
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[0031] Within the framework of the determination according to the invention of a motion
parameter of a freely-guided electronic device, for example an electronic pen, an / the
amplitude of the vibration signal and / or the frequency spectrum of the vibration signal can be
determined.

[0032] The vibration signal can be characterized by its / an amplitude, as well as by Iits
frequency spectrum. Thereby, the amplitude and the frequency spectrum can be dependent on
the motion parameter to be determined, and for example can be dependent on the velocity of
the device movement, for example the velocity of a pen movement.

[0033] The / an amplitude of a vibration signal may herein inter alia also be understood as an
amplitude of a processed vibration signal, which has been processed by one or more method
steps, such as for example filtering and multiplication.

[0034] The correlation of the to be determined motion parameter, such as for example the
velocity of the device movement, with an / the amplitude or frequency spectrum of the vibration
signal, can be nearly independent from the influence of the substrate within a class of similar
substrate materials.

[0035] For example the correlation of the to be determined motion parameter, for example the
velocity of a pen movement, with a / the amplitude or frequency spectrum of the vibration
signal, can be nearly independent from the influence of the writing substrate within a class of
similar writing substrate materials, such as for example paper, cardboard, foil etc.

[0036] However It Is also concelvable, that for a known motion parameter, such as for example
the velocity of the device movement, for example the velocity of a writing movement, derived
from the measured vibration signal or derived from an amplitude and/or the frequency
spectrum of the vibration signal, different classes of substrates can be recognized or
distinguished, and so, for example, different writing substrate material, such as for example
blackboard a whiteboard, textiles or stone can be distinguished.

[0037] An advantageous linear correlation between the measured vibration signal and the
motion parameters to be determined i1s produced for example from an envelope curve

calculation of the vibration signal.

[0038] Said envelope curve calculation or envelope curve determination may comprise at least
a portion of the following steps.

[0039] First an optional high-pass filtering of the vibration signal can be carried out.

[0040] Then a calculation of the average power of the vibration signal over a predetermined
time window range around a current measurement time point can be carried out.

[0041] Here, an exemplary time window range can lie for example at 12 to 60 samples.
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[0042] For exemplary sampling frequencies of the vibration signal of more than 50 Hz, 100 Hz
or more than 200 Hz, time window ranges around a current measurement time point can for
example be derived by the quotient of samples / sampling frequencies, 1.e., for example, at a
sampling frequency of 200 Hz, 50 samples correspond to 0.25 s.

[0043] Then, optionally, a low-pass filtering of the vibration signal can be carried out.

[0044] Finally, a calculation of the amplitude of the vibration signal from the average power of
the vibration signal can be performed, i.e. in other words, a back-transformation of the average
power of the vibration signal to the amplitude of the vibration signal can be carried out, so that
an envelope curve of the vibration signal can be obtained.

[0045] An envelope curve can herein be understood as the course or behaviour of the
amplitude of the vibration signal, in particular, for example, as the course of the maxima of the
squared and square rooted amplitude of the vibration signal.

[0046] The amplitude course of the obtained envelope curve of the vibration signal can
thereby at least partially be in a linear relation with the to be determined motion parameter of
the freely-guided electronic device, such as for example the velocity of a pen movement of an
electronic pen.

[0047] In addition, for example, a final calculation of the average amplitude of said obtained
envelope curve of the vibration signal can be carried out, for example, over a predetermined
time window range around a current measurement time point, for example, over a
predetermined time window range of 12 to 60 samples, preferably 15 to 25 samples.

[0048] Through said exemplary high-pass filtering the direct component in the vibration signal
can be suppressed, so that the vibration signal can advantageously lie around a reference
point or reference value, for example, around a zero point.

[0049] Said exemplary calculation of the average power of the vibration signal may include a
squaring of the vibration signal.

[0050] Alternatively, a rectification of the vibration signal in the calculation of the average
power of the vibration signal is also conceivable.

[0051] Regarding for example said calculation of the average power of the vibration signal as a
forward transformation, the said back-transformation of the average power of the vibration
signal to the amplitude of the vibration signal can for example be carried out by an inverse
operation with respect to said squaring, 1.e. by a rooting operation, 1.e. by a square rooting
operation.

[0052] Said exemplary low-pass filtering may advantageously serve to suppress undesirable
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higher-frequency vibrations, so that an envelope curve with a noise as low as possible can be
obtained.

[0053] The high-pass filtering can thereby be performed with a cutoff frequency, which, for
example can be more than 20, 30, or 40 Hz.

[0054] The low-pass filtering can be performed with a cutoff frequency, which, for example
may be below 10 or 5 Hz.

[0055] For a / the high-pass filtering and / or a / the low-pass filtering inter alia multipole filters,
for example 5-pole filters, with finite impulse response ("finite impulse response filter’, FIR-
filter, sometimes also called transversal filter) can be used.

[0056] In other words, the vibration signal can be smoothed by means of sliding averaging
(moving average filter).

[0057] Any further quantification of the vibration signal can also be done through the use of
variables such as spectral energy and / or spectral entropy.

[0058] Additionally or alternatively to the envelope curve determination the power frequency
spectrum of the vibration signal can be determined.

[0059] In this case, the median power frequency for various motion parameter values, also
called Median Power Frequency (MPF) factor, e.g. for different velocity values of the velocity of
the device movement, for example, a pen movement, Is determined. This MPF factor can
advantageously characterize the power frequency spectrum of the vibration signal with one
value.

[0060] The at least partially approximately linearly extending correlation between the median
power frequency and the motion parameter, e.g. the velocity of movement of the freely-guided
electronic device, for example a pen movement, can thereby serve to determine said motion
parameter of the freely-guided electronic device, e.g. an electronic pen, from the measured
vibration signal.

[0061] By the exemplary derivation according to the invention of an at least partially linear
correlation between the vibration signal, more specifically the amplitude of the envelope curve
of the vibration signal and / or the median of the power frequency of the vibration signal, and
the to be determined motion parameter of the freely-guided device, for example the velocity of
the movement of an electronic pen, In particular those motion parameter values, for example
velocity values is less than 10 mm/s, can advantageously be determined, which in conventional
methods can often be lost In noise, such as in the noise of the acceleration signals, and which
may cause undesirable problems In a conventional double integration for a trajectory
determination.
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[0062] In other words a method for determining the trajectory of a freely-guided electronic
device on a substrate, for example an electronic pen on a writing substrate, may comprise the
determination of the motion parameter of the freely-guided electronic device, for example an
electronic pen, and for example may comprise a determination of the velocity signal of the
movement of the freely-guided electronic device, for example the determination of a velocity
signal of a pen movement of an electronic pen.

[0063] Thereby the determination of the motion parameter, i1.e. for example the determination
of the velocity signal of the movement of the freely-guided electronic device, for example a pen
movement, can be based upon a measurement of a vibration signal, wherein the measured
vibration signal can be generated by the Interaction between the freely-guided electronic
device and the substrate, for example by the interaction between an electronic pen and a
writing substrate.

[0064] Finally, for example, an Integration of the motion parameter determined from the
vibration signal, for example an integration of the velocity signal of the movement of the freely-
guided electronic device, for example the pen movement of an electronic pen, can lead to the
determination of the trajectory of a freely-guided electronic device, for example of an electronic
pen.

[0065] Besides a first velocity signal, for example the velocity of the movement of the freely-
guided electronic device, for example a pen movement, derived according to the invention
from a vibration signal, in addition also a second velocity signal, for example derived from the
Integration of acceleration data, may be used for the trajectory calculation.

[0066] The use of two Independently determined velocity signals can further increase the
accuracy of the trajectory calculation.

[0067] Moreover, It iIs concelvable, that also the information about the absence of a vibration
signal, or about the falling below a minimum vibration signal threshold may be utilized, for
example to be able to terminate an integration or a double Integration for the trajectory
determination of the freely-guided device, or to be able to distinguish between movement of
the freely-guided device and no movement of the freely-guided device.

[0068] Thereby, a standstill of the freely-guided device on a substrate can advantageously be
recognized even If the freely-guided device itself is not at rest.

[0069] For example a standstill of the pen tip of an electronic pen on a writing substrate may
be recognized even If the pen itself iIs not at rest, for example when it iIs moved by hand
movements with the tip being a pivot point.

[0070] Commonly used methods for standstill detection, such as the evaluation of the standard
deviation of acceleration sensors signals, however, would fail in such cases.
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[0071] A freely-guided electronic device with position detection according to the invention can
comprise at least an electric voltage source, at least a digital control unit, at least one data
transmission module, as well as measurement sensors.

[0072] lllustratively, an electronic pen according to the invention with pen position detection
may comprise a writing rod, at least one electric voltage source, at least one digital control unit,
at least one data transmission module, as well as measurement sensors.

[0073] The measurement sensors can thereby be configured such that they can capture a
vibration signal, which 1s generated by the interaction between the freely-guided electronic
device and a substrate, for example by the interaction between an electronic pen and a writing
substrate.

[0074] Furthermore the measurement sensors and / or the digital control unit can be arranged
such that from the measured vibration signal a motion parameter of the freely-guided
electronic device, for example an electronic pen, can be determined, for example a velocity
signal of the movement of the freely-guided electronic device, for example a velocity signal of a
pen movement of an electronic pen, so that a determination of the trajectory and position of
the freely-guided electronic device, for example a determination of the trajectory and position
of an electronic pen, can be made possible.

[0075] Sensors of the measurement sensor system may inter alia be realized as Inertial
sensors whose measuring principle 1s based on the inertia and the mechanical deflection of
spring loaded test masses. Preferably, such inertial sensors can be embodied by micro-electro-
mechanical system (MEMS), wherein for example mechanical structures can be realized In a
layer of polysilicon.

[0076] However, also sensors are conceivable, which are not inertial sensors and which are
based on other measuring principles, such as magnetic field sensors that operate based on
the Hall effect or the giant magnetoresistance effect and that can be realized without any
moving mechanical parts. A preferred embodiment may comprise, for example, sensors of the
type Forster probe, also known as flux gate sensors.

[0077] Said measurement sensor system of the freely-guided electronic device, for example of
an electronic pen, In particular may comprise one or more sensors of at least one of the
following types: acceleration sensor and/or rotation rate sensor and/or magnetic field sensor
and/or acoustic sensor.

[0078] The following figures show exemplarily:

Fig. 1a: Exemplary vibration signal of freely-guided electronic device for a first velocity of a
device movement / exemplary vibration signal of an electronic pen for a first velocity of a pen
movement

Fig. 1b: Exemplary vibration signal of freely-guided electronic device for a second velocity of a
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device movement / exemplary vibration signal of an electronic pen for a second velocity of a
pen movement

Fig. 1¢c: Exemplary vibration signal of freely-guided electronic device for a third velocity of a
device movement / exemplary vibration signal of an electronic pen for a third velocity of a pen
movement

Fig. 2a: Exemplary raw or unfiltered vibration signal
Fig. 2b: Exemplary high-pass filtered vibration signal
Fig. 2c: Exemplary course of the amplitude of a high-pass filtered and squared vibration signal

Fig. 2d: Exemplary course of the amplitude of a high-pass filtered, squared and low-pass
filtered vibration signal

Fig. 2e: Exemplary course of the amplitude of a high-pass filtered, squared, low-pass filtered
and square rooted vibration signal / exemplary envelope curve

Fig. 3: Exemplary relation between envelope curve amplitude and a to be determined motion
parameter, for example the velocity of a pen movement

[0079] The figures 1a, 1b and 1c illustrate exemplary time series diagrams of exemplary, for
example unfiltered, vibration signals 1095, 205, 305 of a freely-guided electronic device, e.g. an
electronic pen, for three different, in sequence, Iincreasing velocities 100, 200, 300 of the
device movement, e.g. of a pen movement.

[0080] The ordinate axes 101, 201 and 301, for example, may represent axes of acceleration,
e.g. the vector sum of an acceleration signal, wherein the ordinate values 103, 203 and 303,
for example, may represent reference values for the vibration signals 105, 205, 3095, such as
for example a zero value or the value of the earth acceleration. In the exemplary time series
diagrams 1a, 1b and 1c, for example, the vibration signal 105, 205, 305 fluctuates on average
symmetrical about the ordinate values 103, 203 and 303.

[0081] The abscissa axes 102, 202 and 302 may be, for example, time axes.

[0082] The scales of the exemplary time series diagrams 1a, 1b and 1c are equal, for better
comparison of the vibration signals 105, 205, 305.

[0083] In other words the amplitude, or average amplitude, of the vibration signals 105, 2095,
305 correlates linearly with the velocity 100, 200, 300 of the device movement, for example a
pen movement, such that the amplitude, or average amplitude, 104, 204, 304 of the vibration
signal 105, 205, 3095, increases with increasing velocity 100, 200, 300 of the device movement,
e.g. a pen movement.
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[0084] The value of the average amplitude 104, 204, 304 (marked as a dotted line) of the
vibration signal 105, 205, 305 may, for example, In this case also, inter alia, define an envelope
curve of the vibration signal 105, 205, 305.

[0085] The correlation of measurement parameters for the vibration signal 105, 205, 305, such
as the average amplitude 104, 204, 304 and / or the average power of the vibration signal 1035,
205, 305, with a motion parameter of the freely-guided electronic device on a substrate, for
example, an electronic pen on a writing substrate, such as the velocity of 100, 200, 300 of the
device movement, €.g. a movement of an electronic pen, therefore allows to determine said
motion parameters of the freely-guided electronic device, e.g. an electronic pen, such as e.qg.

the velocity 100, 200, 300 of the device movement, e.g. the velocity of a pen movement, from
the vibration signal 105, 205, 305.

[0086] Figure 2a exemplary shows a time series diagram of an unfiltered or unprocessed
vibration signal 404 of a freely-guided electronic device, e.g. an electronic pen, wherein the
freely-guided electronic device, for example, moves with a variable time-dependent velocity.

[0087] Said vibration signal 404 may be, for example, representative of one of a plurality of
vibration signal channels, wherein, for example, a vibration signal channel may represent a
vibration signal along an axis or for a dimension.

[0088] The ordinate axis 401, for example, may represent an acceleration axis, e.g. the vector
sum of an acceleration signal, wherein the ordinate value 403, for example, may represent a
reference value for the vibration signal 404, such as a zero value or the value of the earth
acceleration, and wherein, for example, the vibration signal 404 may fluctuate around the
ordinate value 403.

[0089] The abscissa axes 402 may be for example a time axis.

[0090] Vibration signal 404 can be regarded as exemplary initial vibration signal and the
subsequent Figures 2b, 2¢, 2d and 2e may be construed as exemplary processing steps or
method steps In relation to this initial vibration signal or vibration signal 404.

[0091] Fig. 2b exemplary shows a time series diagram of a high-pass filtered vibration signal
504, for example, the high-pass filtered vibration signal 404 .

[0092] The ordinate axis 501 may, for example, again represent an acceleration axis, e.g. the
vector sum of an acceleration signal, wherein the ordinate value 503, for example, may again
represent a reference value for the vibration signal 504, such as a zero value, around which
the vibration signal 504 may fluctuate.

[0093] In comparison to a high-pass filtered vibration signal 504, the corresponding unfiltered
or raw vibration signal, for example vibration signal 404, the ordinate value 503 may differ from
the ordinate value of the unfiltered vibration signal, e.g. 404, for example due to a correction of
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the unfiltered vibration signal by deducting the value of the earth acceleration.

[0094] The abscissa axis 502 may, for example, again be a time axis, which may be identical
to the abscissa axis 402.

[0095] Fig. 2c exemplary shows a time series diagram of a course of the amplitude of a high-
pass filtered and squared vibration signal 604, for example, a course of the amplitude of the
high-pass filtered and squared vibration signal 404.

[0096] The axis 602 corresponds to the axis 502 of Fig. 2b.

[0097] The axis 601 represents analogous to axis 501 an acceleration axis, wherein the
scaling of the axis 601 can be considered as analogous to the axis 501, except for a
displacement of the origin of the ordinate axis 601.

[0098] As origin of the ordinate axis 601, for example, the ordinate value 603, for example a
zero value, can be specified.

[0099] The amplitude course of the high-pass filtered and squared vibration signal 604
exemplary shows the average power 605 of the vibration signal or the course of the average
power of the vibration signal.

[0100] Fig. 2d exemplary shows a time series diagram of a course of the amplitude of a high-
pass filtered, squared and low-pass filtered vibration signal 704, for example, a course of the
amplitude of the high-pass filtered, squared and low-pass filtered vibration signal 404.

[0101] The axes 701, 702 thereby correspond to the axes 601, 602 of Fig. 2c, wherein the
axes scales can be regarded as identical.

[0102] This optional method step in the envelope curve determination may advantageously
Improve the signal-to-noise ratio of the to be determined envelope curve, which may serve as
basis for the calculation of a to be determined motion parameter of a freely-guided electronic
device, for example of the velocity of a pen movement.

[0103] Fig. 2e exemplary shows a time series diagram of a course of the amplitude of a high-
pass filtered, squared, low-pass filtered and square rooted vibration signal 804, for example, a
course of the amplitude of the high-pass filtered, squared, low-pass filtered and square rooted
vibration signal 404 .

[0104] The axes 801, 802 thereby correspond to the axes 601, 602 from Fig. 2¢, respectively
to the axes 701, 701 from Fig. 2d, wherein again the axes scales can be regarded as identical.

[0105] The amplitude course of the high-pass filtered, squared, low-pass filtered and square
rooted vibration signal 804 exemplary represents an envelope curve 805, the amplitude of
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which can at least partly be in a linear relationship with the to be determined motion parameter
of the freely-guided device, for example with a velocity of a pen movement.

[0106] Fig. 3 exemplary shows the at least partially linear relationship between the envelope
curve amplitude of a vibration signal and to be determined motion parameter, for example a
velocity of a pen movement.

[0107] Here, the axis 902 shows exemplary the axis of a to be determined motion parameter,
for example a velocity of a pen movement, and the axis 901 shows exemplary the envelope
curve amplitude axis, for example an axis for the averaged envelope curve amplitude.

[0108] As evident from the exemplary envelope curve amplitude measurements 904 an at
least In parts linear relationship 903 between a to be determined motion parameter, for
example a velocity of the pen movement, and the envelope curve amplitude, derived from a
vibration signal corresponding to said motion parameter, can be established. For this, among
other things, for example, linear regression methods may be used.

[0109] This relation 903 advantageously may allow to determine the to be determined
parameter of a freely-guided device, such as for example a velocity of a pen movement, from a
vibration signal of the freely-guided device.

[0110] Followed by 7 sheets with 9 figures. The reference numerals are assigned as follows.

100 (first) velocity of the pen movement of an electronic pen on a writing substrate, or first
velocity of the device movement of a freely-guided electronic device

101 ordinate axis, e.g. acceleration axis, e.g. vector sum of an acceleration signal

102 abscissa axis, €.g. time axis

103 reference value for a vibration signal, e.g. zero value or value of the earth acceleration
104 average amplitude

105 vibration signal

200 (second) velocity of the pen movement of an electronic pen on a writing substrate, or
second velocity of the device movement of a freely-guided electronic device

201 ordinate axis, e.g. acceleration axis, e.g. vector sum of an acceleration signal

202 abscissa axis, e.g. time axis

203 reference value for a vibration signal, e.g. zero value or value of the earth acceleration
204 average amplitude

205 vibration signal
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300 (third) velocity of the pen movement of an electronic pen on a writing substrate, or third
velocity of the device movement of a freely-guided electronic device

301 ordinate axis, e.g. acceleration axis, e.g. vector sum of an acceleration signal

302 abscissa axis, e.g. time axis

303 reference value for a vibration signal, e.g. zero value or value of the earth acceleration
304 average amplitude

305 vibration signal

401 ordinate axis, e.g. acceleration axis, e.g. vector sum of an acceleration signal

402 abscissa axis, e.g. time axis

403 reference value for a vibration signal, e.g. zero value or value of the earth acceleration
404 vibration signal, e.g. unfiltered or unprocessed vibration signal

901 ordinate axis, e.g. acceleration axis, e.g. vector sum of an acceleration signal

902 abscissa axis, e.g. time axis

903 reference value for a vibration signal, e.g. zero value

904 high-pass filtered vibration signal

601 ordinate axis, e.g. acceleration axis, e.g. vector sum of an acceleration signal

602 abscissa axis, e.g. time axis

603 reference value for a vibration signal, e.g. zero value

604 exemplary course of the amplitude of a high-pass filtered and squared vibration signal
605 average power of the vibration signal

701 ordinate axis, e.g. acceleration axis, e.g. vector sum of an acceleration signal

702 abscissa axis, e.g. time axis

703 reference value for a vibration signal, e.g. zero value

704 exemplary course of the amplitude of a high-pass filtered, squared and low-pass filtered
vibration signal

801 ordinate axis, e.g. acceleration axis, e.g. vector sum of an acceleration signal

802 abscissa axis, e.g. time axis
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803 reference value for a vibration signal, e.g. zero value

804, 805 exemplary course of the amplitude of a high-pass filtered, squared, low-pass filtered
and square rooted vibration signal, exemplary envelope curve according to the invention

901 envelope curve amplitude axis, for example an axis of averaged envelope curve
amplitudes

902 axis of a to be determined parameter of a freely-guided device, for example a velocity of
the movement of an electronic pen

903 at least partially linear relationship between a to be determined motion parameter, for
example a velocity of a pen movement, and an envelope curve amplitude, for example an
averaged envelope curve amplitude

904 exemplary envelope curve amplitude measurement(s), for example of averaged envelope
curve amplitudes
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Fatentkrav:

1. Fremgangsmade fil at bestemme mindst en bevaegeisesparameter for en
elektronisk pen pa et substrat, sasom hastigheden af beveegelsen af den elek-
troniske pen, omiattende:

en maling af el vibrationssignal (404), som er genereret af interaktionen mel-
lem spidsen af den elekironiske pen og substratet, og

en pestemmelse at bevaegelsesparameteren af den elekironiske pen ud fra
det malte vibrationssignal (404) fra den eiekironiske pen, hvor der beregnes
en omhviliingskurve (805} af vibrationssignalet, og hvor beregningen ar omhyi-
ingskurven omfatier mindst et af de fgigende inn:

an peregning af den gennemsnitiige effekt (605) af vibrationssignaiet over &t
oa forhand angivet tidsvinduesomrade omkring ef akiuelt malingstidspunkd,
en beregning af ampiituden af vibrationssignaiet ud ira den gennemsnitiige ef-
fekl (605) af vibrationssignalet.

2. Fremgangsmade ifglge krav 1, hvor vibrationssignalet (404) bestemmes ud
ira et accelerationssignal og/elier et akustisk signal.

3. Fremgangsmade ifelge et af de foregaende krav, hvor amplituden af vibra-
tionssignalet (404) bestemmes og/ eller frekvensspekirat af vibrationssignalet
(404} bestemimes.

4. Fremgangsmade ifglge et af de foregaende krav, hvor der inden beregnin-
gen af den gennemsnitlige effekt af viprationssignalet udfgres en h@ipastilire-
nng atf vibrationssignalet, hvor for eksempel hgjpastilireringen udigres med en
graensefrekvens, som er mere end 20, 30 eller 40 Hz

5. Fremgangsmade ifelge et af de foregaende krav, hvor der inden beregnin-
gen af amplituden af vibrationssignaiet ud fra den gennemsnitlige effeki af vi-
crationssignalet udfgres en lavpastiltrening af vibrationssignaiet, nvor lavpas-
filtreringen udfegres med en greéensetfrekvens, som er mindare end 10 eller 5 Hz.
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6. Fremgangsmade ifglge et af de foregaende krav, hvor der udferes en be-
regning af den gennemsnithge amplitude atf omnvliingskurven (805).

7. Fremgangsmade ifelge et af de foregaende krav, hvor effektfrekvensspek-
tret af vibrationssignalet (404) bestemmes.

8. Fremgangsmade ifgige krav 7, hvor middeleffektfrekvensen for diverse be-
vaegelsaesparametervaerdier, 1.eks. for forskellige hastighedsvesrdier for bevae-
gelsen af den elekironiske pen, bestemmes.

9. Fremgangsmade ifzlge et af de foregaende krav, som vderligere omfatier;
en pestemmeise al bevaegeisesbanen for den elektroniske pen, omfatiende
en integrenng af den bestemie beveegelsesparameter for den elekironiske
pen, for eksempel en integrerng at hastighedssignalet af bevaegeisen af den
clektroniske pen, med henblik pa at bestemme bevaegelsesbanen for den
alekironiske pen.

10, Eleklronisk pen med positionsdelektion omfatiende mindst en elekirisk
spaendingskiide, mindst en qdigital styreennhed, mindst et datatransmissionsmo-
dul, savel som malesensorer,

Kendetegnet ved, at

malesensoreme er indreftet saledes, at de kan opfange et vibrationssignal
(404} som genereres af interaklionen mellem spidsen at den elektroniske pen
og et substrat, og

malesensoremne og / eller den digitale styreenhead er indrettet saledes, at der
ud fra det maite vibrationssignal (404) kan bestemmes en bevaegelsespara-
metler af dem elekironiske pen, for eksempel et hastighedssignal af bevaegel-
sen af den elektroniske pen, med henblik pa at bestemme bevaegeisesbanen
og positionen af den elekironiske pen, og nvor gen elekironiske pen er yaeri-
gere indretiet ti at beregne en omhvilingskurve (805} for vibrationssignaiet,
nver beregningen af omhvlingskurven omfatter mindst et af de fslgende fnin:
en peregning af den gennemsnitiige effekt (6O5) af vibrationssignaiet over &t
oa forhand angivet tidsvindue omkring et aktuelt malingstidspunkt,

en beregning ar ampiituden af vibrationssignalet ud fra den gennemsnitiige ef-
fekl (605) af vibrationssignalet.
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11. Elekironisk pen ifeige krav 10, kendetegnet ved, at malesensorerme om-
fatter en sller flere sensorer af mindst en af de iglgende typer: acceleralions-
sensor, rofationshastighedssensor, magneifelisensor, akuslisk sensor.
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