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WRITING INSTRUMENT AND METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a National Stage application of
International Application No. PCT/EP2021/068194, filed on
Jul. 1, 2021, now published as WO 2022/008343 A1, which
claims benefit from Furopean patent application
EP20305779.9 filed on Jul. 7, 2020, its content being
incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a writing instru-
ment, for example a writing instrument configured to be
tracked and positioned in a 2D or 3D space, for example in
the frame of augmented reality applications and/or writing
digitalization. The present disclosure also relates to a
method for tracking and positioning a writing instrument in
a 2D or 3D space.

BACKGROUND

[0003] Traditional writing instruments configured to be
tracked and positioned in a 2D or 3D space (i.e. a two or
three dimensions space) and methods thereof may be not
accurate enough. This applies even for active writing instru-
ments. Therefore, a need exists to provide a writing instru-
ments configured to be tracked and positioned in a 2D or 3D
space and methods thereof having an improved accuracy.

SUMMARY

[0004] In one aspect a writing instrument comprises a
body, the body being provided with a writing tip and a
position detection device, the position detection device
being configured to provide data for determining a position
of the body in a 2D or 3D space. The position detection
device comprises a tip pressure sensor, an inertial measure-
ment unit, and a network of radio antennas configured such
that the position of the body in the 2D space is tracked by
sensor fusion. The network of radio antennas provides radio
antenna data of the writing instrument, the radio antenna
data being used for radio location of the body.

[0005] The writing tip may be a felt tip, a ballpoint tip, a
mechanical pencil, a graphite pencil lead, chalk, a stylus tip
or any other type of tip making it possible to write on a
substrate or surface. The writing tip may be fixed, i.e. always
extending out of the body. The writing tip itself may be
passive, i.e. without any electric powered element/electronic
element.

[0006] In the following, unless otherwise specified,
“space” should be understood as “2D or 3D space”.
[0007] The combination of the data provided by the three
different sensors, i.e. the tip pressure sensor data, the inertial
measurement unit data and the network of radio antennas
data, may allow an accurate determination of the position
and movement of the body, for example during writing. For
example, such a determination may be carried out using
sensor fusion. It is reminded that sensor fusion is a process
of combining data from different sources/sensors such that
the resulting information has less uncertainty (i.e. it is more
accurate) than would be possible when these sources/sensors
were used individually. Sensor fusion as such is well known
by the skilled person, and not described in detail.
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[0008] Inembodiments, the inertial measurement unit may
comprise one or more among a gyroscope, an accelerometer
and a magnetometer.

[0009] In examples, the network of radio antennas may
comprise one or more networks of radio antennas.

[0010] Inembodiments, the position detection device may
be configured to wirelessly transmit data to a receiver
(which may be an emitter/receiver).

[0011] In embodiments, the position detection device may
be configured to wirelessly receive data from an emitter
which may be an emitter/receiver.

[0012] Inembodiments, the position detection device may
comprise a controller. The controller may comprise a central
processing unit (or CPU) and/or a storage unit and/or a data
transfer module. The controller may have a computer archi-
tecture.

[0013] Inembodiments, the position detection device may
be powered by a power source.

[0014] The power source may be a battery or a cell. The
power source may power any element of the position
detection device, for example a sensor or a controller.

[0015] In embodiments, the writing instrument may com-
prise a removable cap configured to protect the writing tip,
the removable cap may be provided with an auxiliary
position detection device, the auxiliary position device may
comprise an auxiliary inertial measurement unit and at least
one auxiliary radio antenna.

[0016] The removable cap may be placed or removed from
the body in order to protect or use the writing tip, respec-
tively. The removable cap may be mounted onto the rear end
of the writing instrument, for example during writing.

[0017] In examples, the removable cap may be used for
positioning the body in a space by being placed on a writing
surface, using the removable cap as reference position point
and an electronic smart device as processing unit. In
examples, the removable cap may be used for positioning
the body in a space by being placed onto the rear end of the
writing instrument, using the removable cap as additional
means with regard to the position detection device, for
example in order to increase measurements accuracy, and
using an electronic smart device as reference point and as
processing unit.

[0018] In the following, unless otherwise specified, “the
auxiliary antenna” should be understood as “the at least one
auxiliary antenna”.

[0019] In embodiments, the auxiliary inertial measure-
ment unit may comprise one or more among a gyroscope, an
accelerometer and a magnetometer

[0020] In embodiments, the auxiliary position detection
device may comprise an auxiliary network of radio anten-
nas.

[0021] In examples, the at least one auxiliary radio
antenna may comprise a plurality of auxiliary radio anten-
nas, the plurality of auxiliary radio antennas may form a
networks of auxiliary radio antennas. In examples, the at
least one auxiliary radio antenna may comprise one or more
individual auxiliary radio antennas and/or one or more
networks of auxiliary radio antennas.

[0022] In embodiments, the auxiliary position detection
device may be configured to wireless transmit data to a
receiver (which may be an emitter/receiver) and/or to the
position detection device.
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[0023] In embodiments, the auxiliary position detection
device may be configured to wireless receive data from an
emitter (which may be an emitter/receiver) and/or from the
position detection device

[0024] From the position detection device, the auxiliary
position detection device may be considered as an emitter
and/or receiver. In the same way, from the auxiliary position
detection device, the position detection device may be
considered as an emitter and/or receiver. The position detec-
tion device and/or the auxiliary position detection device
may each interact with one or more emitter and/or receiver,
different from the auxiliary position detection device/posi-
tion detection device, respectively.

[0025] In embodiments, the auxiliary position detection
device may comprise an auxiliary controller. The auxiliary
controller may comprise an auxiliary central processing unit
(or CPU) and/or an auxiliary storage unit and/or an auxiliary
data transfer module. The auxiliary controller may have a
computer architecture.

[0026] Inembodiments, the position detection device may
be powered by an auxiliary power source.

[0027] The auxiliary power source may be a battery or a
cell. The auxiliary power source may power any element of
the auxiliary position detection device, for example a sensor
or a controller.

[0028] In embodiments, the writing instrument may be
active, i.e. it may comprise one or more electric powered
element/electronic element. In examples, the body and/or
the cap may comprise an active device, for example the
position detection device and/or the auxiliary position detec-
tion device may be active. The writing tip may be passive.
[0029] In embodiments, a method for tracking and posi-
tioning a writing instrument in a space, i.e. 2D or 3D space,
comprises providing a writing instrument substantially as
described herein, and processing data provided by the posi-
tion detection device by sensor fusion.

[0030] The method may be carried out in real time when
using the writing instrument, or not.

[0031] In embodiments, the method may comprise a radio
location based on a distance measure such as a signal
strength measure or a time to flight measure, the radio
location being carried out from the network of radio anten-
nas data, and a motion measure carried out from the tip
pressure sensor data and the inertial measurement unit data,
and processing the radio location data and the motion
measure data by sensor fusion. Radio location refers to the
transmission of the radio signal and calculation of the
transmitter location to provide location data, i.e. acting as a
radar localization.

[0032] Radio location and motion measurement tech-
niques and devices are each known as such by the skilled
person and are not described in detail.

[0033] In embodiments, the sensor fusion processing may
be carried out using an extended Kalman filter.

[0034] Extended Kalman filters are known as such by the
skilled person and are not described in detail.

[0035] Inembodiments, an electronic smart device may be
used as reference position point and as processing unit.
[0036] An electronic smart device may be a multimedia
tablet, a smartphone, a smartwatch, a laptop, a computer, etc.
[0037] A reference point may be a point the position of
which is known, and relatively to which the body position is
determined. In other words, the position of the body may be
determined relatively to a reference point.
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[0038] In embodiments, the method may comprise pro-
viding a writing instrument comprising a removable cap
having an auxiliary position detection device substantially as
described herein, removing the removable cap from the
body and placing the removable cap on a writing surface,
using the removable cap as reference position point and an
electronic smart device as processing unit.

[0039] In embodiments, a computer program includes
instructions for executing the steps of the method substan-
tially as described herein when the program is executed by
a computer.

[0040] The program may use any programming language
and may take the form of source code, object code or a code
intermediate between source code and object code, such as
a partially compiled form, or any other desirable form.
[0041] In embodiments, a recording medium readable by
a computer has recorded thereon a computer program
including instructions for executing the steps of the method
substantially as described herein.

[0042] The recording medium may be any entity or device
capable of storing the program. For example, the medium
may include storage means such as a ROM, for example a
CD ROM or a microelectronic circuit ROM, or magnetic
storage means, for example a diskette (floppy disk) or a hard
disk. In examples, the recording medium may be an inte-
grated circuit in which the program is incorporated, the
circuit being adapted to execute the method in question or to
be used in its execution.

[0043] Such writing instruments and methods may form
improved writing instrument adapted for augmented reality
applications and/or writing digitalization. Such writing
instruments and methods may help to accurately determine
and track the position of the writing instrument in a 2D or
3D space.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] The disclosure can be better understood by reading
the detailed description of various embodiments given as
non-limiting examples.

[0045] The description refers to the accompanying sheets
of figures, in which:

[0046] FIG. 1 shows a first embodiment of a writing
instrument,

[0047] FIG. 2 shows a use of the writing instrument of
FIG. 1,

[0048] FIG. 3 shows a first embodiment of method steps

for tracking and positioning the writing instrument on FIG.
15

[0049] FIG. 4 shows a second embodiment of a writing
instrument,

[0050] FIG. 5 shows a use of the writing instrument of
FIG. 4,

[0051] FIG. 6 shows a second embodiment of method

steps for tracking and positioning the writing instrument on
FIG. 4.

DETAILED DESCRIPTION

[0052] FIG. 1 shows a first embodiment of a writing
instrument 10, in this example a ball point pen is shown. The
writing instrument 10 comprises a body 12 provided with a
writing tip 14, in this example a fixed ball point, and a
position detection device 16 configured to provide data for
determining a position of the body 12 in a space. The
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position detection device 16 comprises a tip pressure sensor
18, an inertial measurement unit 20, and a network of radio
antennas 22. The inertial measurement unit 20 may comprise
an accelerometer 20A, a gyroscope 20B and/or a magne-
tometer 20C. The position detection device 16 may comprise
a controller 24. The controller 24 may comprise a central
processing unit 24A, a storage unit 24B and a transfer
module 24C which may be configured to wirelessly transmit
and/or receive data to/from one or more emitter/receiver.
The position detection device 16 may comprise a power
source 26.

[0053] FIG. 2 shows the writing instrument 10, used for
writing onto a writing surface S. An electronic smart device
50, in this example a multimedia tablet, may comprise a
recording medium S0A readable by a computer and may
have recorded thereon a computer program including
instructions for executing the steps of the method described
hereafter. In other words, the electronic smart device 50 may
include an application, as a computer program including
instructions for executing the steps of the method described
hereafter when the program is executed by a computer (in
this example the electronic smart device 50).

[0054] An application of the electronic smart device 50
may be configured to digitalize the writing of the writing
instrument 10. The digitalization may be carried out real
time during writing. The digitalization application may
comprise a method for tracking and positioning a writing
instrument in a space. The method for tracking and posi-
tioning may be carried out real time during writing. Such a
method may be used alone or in the frame of other appli-
cations.

[0055] The electronic smart device 50 may comprise one
or more radio antennas or network of radio antennas 50B.
[0056] FIG. 3 shows steps of the method for tracking and
positioning a writing instrument in a space, according to a
first embodiment. In this example, the electronic smart
device 50 may be used as reference point.

[0057] In a first step, the sensor data may be collected.
These data may be raw or pre-processed. The radio antenna
data, the tip pressure sensor data and the inertial measure-
ment unit data of the writing instrument 10 are sent by the
position detection device 16 to the electronic smart device
50. The radio antenna data of the electronic smart device 50
are collected by the electronic smart device 50. For example,
all these data may be collected by a controller 50C of the
electronic smart device 50.

[0058] The radio antenna data of the writing instrument 10
and the radio antenna data of the electronic smart device 50
are used for radio location of the body 12. This may be
carried out based on a distance measure such as a signal
strength measure or a time to flight measure. Several radio
protocols may be suitable for the radio location. For
example, Bluetooth Low Energy (BLE) may be used.
[0059] The tip pressure sensor data and the inertial mea-
surement unit data of the writing instrument 10 are used for
motion measure of the body 12.

[0060] The radio location and the motion measure may be
carried out by the electronic smart device 50 as processing
unit. For example, the controller 50C of the electronic smart
device 50 may have a computer architecture and may carry
out the radio location and the motion measure.

[0061] Usual radio location may be used for a centimetre-
level positioning with regard to a reference point (or a
reference device) in an area of several meters around the
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reference device. However, such location is not accurate
enough in order to track and position a writing instrument
during its use.

[0062] Usual motion measure based on tip pressure sensor
data and inertial measurement unit data may be used for a
millimetre-level relative positioning (i.e. detecting a
motion). However, such measures need periodic initializa-
tion from a reference point (or reference device) while
integration errors quickly increase so that data become
inconsistent.

[0063] Inasecond step, sensor fusion of the data provided
in the first step is carried out. For example, the radio location
data and the motion measure data may be processed by
sensor fusion. The data fusion may be carried out by the
electronic smart device 50, for example by the controller
50C. For example, an extended Kalman filter may be used
for such a sensor fusion.

[0064] The fusion sensor step may merge centimetre-level
data from radio location with millimetre-level motion mea-
sure to achieve a reliable millimetre-level tracking and
positioning of the body 12 in a space, for a long period of
time. They may form a low cost and accurate writing
instrument positioning system.

[0065] FIG. 4 shows a second embodiment of a writing
instrument 100. The writing instrument 100 is the same as
the writing instrument 10 of the first embodiment, but it is
further provided with a removable cap 30 configured to
protect the writing tip 14. The removable cap 30 is provided
with an auxiliary position detection device 32, the auxiliary
position device 32 comprising an auxiliary inertial measure-
ment unit 34 and a network of auxiliary radio antennas 36.
The auxiliary position device 32 is used to augment the
functionality of the sensors of the writing instrument 10, i.e.
the tip pressure sensor 18 and the inertial measurement unit
20. In examples, the auxiliary position device 32 is used to
further augment the position detection done by the writing
tip, e.g. a stylus by using the extra data provided by the
auxiliary inertial measurement unit and the network of
auxiliary radio antennas provided in the cap. The auxiliary
inertial measurement unit 20 may comprise an accelerom-
eter and/or a gyroscope and/or a magnetometer. The auxil-
iary position detection device 32 may comprise a controller
38. The controller 38 may comprise a central processing unit
38A and a transfer module 38B which may be configured to
wirelessly transmit and/or receive data to/from one or more
emitter/receiver and/or the position detection device 16. The
position detection device 32 may comprise a power source
39.

[0066] FIG. 5 shows the writing instrument 100, used for
writing onto a writing surface S, and the electronic smart
device 50. The cap 30 may be placed onto the writing
surface S. An application of the electronic smart device 50
may be configured to digitalize the writing of the writing
instrument 100. The digitalization may be carried out real
time during writing. The digitalization application may
comprise a method for tracking and positioning a writing
instrument in a space. The method for tracking and posi-
tioning may be carried out in real time during writing. Such
a method may be used alone or in the frame of other
applications.

[0067] FIG. 6 shows steps of the method for tracking and
positioning a writing instrument in a space, according to a
second embodiment. In this example, the removable cap 30
may be used as reference position point and the electronic
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smart device 50 may be used as processing unit. As shown
in FIG. 5, the cap 30 may be first removed from the body 12
and placed onto the writing surface S.

[0068] In a first step the sensor data are collected. These
data may be raw or pre-processed. The inertial measurement
unit data of the auxiliary inertial measurement unit 34 and
the radio antenna data of the network of auxiliary radio
antennas 36 are transmitted by the auxiliary position detec-
tion device 30 to the position detection device 16. The radio
antenna data of the network of radio antennas 22, the tip
pressure sensor data of the tip pressure sensor 18 and the
inertial measurement unit data of the inertial measurement
unit 20 are collected by the position detection device 16. For
example, all these data may be collected by the controller 24
of the position detection device 16. In examples, all these
data may be stored in the storage unit 24B during writing
and transmitted after writing to the electronic smart device
50 for processing. In examples, all these data may be real
time transmitted to the electronic smart device 50, for
example for a real time processing.

[0069] A radio location and motion measure are carried
out by the electronic smart device 50, in the same way as in
the method for tracking and positioning a writing instrument
in a space described in the first embodiment. The only
difference is that the cap 30 is used as a reference point
instead of the electronic smart device 50, and thus radio
antenna data of the network of auxiliary radio antennas 36
are used instead of the radio antenna data of the electronic
smart device 50.

[0070] Ina second step, sensor fusion of the data provided
in the first step is carried out. For example, the radio location
data and the motion measure data may be processed by
sensor fusion. The data fusion may be carried out by the
electronic smart device 50, for example by the controller
50C. For example, an extended Kalman filter may be used
for such a sensor fusion.

[0071] Although the present disclosure is described with
reference to specific examples, it is clear that modifications
and changes may be made to these examples without going
beyond the general scope of the disclosure. In particular,
individual characteristics of the various embodiments shown
and/or mentioned may be combined in additional embodi-
ments. Consequently, the description and the drawings
should be considered in a sense that is illustrative rather than
restrictive.

[0072] Additionally, all of the disclosed features of an
apparatus may be transposed, alone or in combination, to a
method and vice versa.

1. A writing instrument comprising a body, the body being
provided with a writing tip and a position detection device-,
the position detection device being configured to provide
data for determining a position of the body in a 2D space or
a 3D space, the position detection device comprising a tip
pressure sensor, an inertial measurement unit, and a network
of radio antennas configured such that the position of the
body in the 2D space or 3D space is tracked by sensor
fusion, wherein the network of radio antennas provides radio
antenna data of the writing instrument, the radio antenna
data being used for radio location of the body.

2. A writing instrument according to claim 1, wherein the
inertial measurement unit comprises one or more among an
accelerometer, a gyroscope, and a magnetometer.
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3. A writing instrument according to claim 1, wherein the
position detection device is configured to wirelessly transmit
data to a receiver.

4. A writing instrument according to claim 1, comprising
a removable cap configured to protect the writing tip, the
removable cap being provided with an auxiliary position
detection device, the auxiliary position device comprising an
auxiliary inertial measurement unit and at least one auxiliary
radio antenna.

5. The A writing instrument according to claim 4, wherein
the auxiliary inertial measurement unit comprises one or
more among an auxiliary gyroscope, an auxiliary acceler-
ometer and an auxiliary magnetometer.

6. A writing instrument according to claim 4, wherein the
auxiliary position detection device comprises an auxiliary
network of radio antennas.

7. A writing instrument according to claim 4, wherein the
auxiliary position detection device is configured to wireless
transmit data to the receiver.

8. A method for tracking and positioning a writing instru-
ment in a space, comprising providing a writing instrument
according to claim 1, tracking the position of the body of the
writing instrument in the 2D space with the position detec-
tion device and processing data provided by the position
detection device by sensor fusion.

9. A method according to claim 8, wherein tracking the
position of the body comprises collecting radio antenna data,
tip pressure sensor data and inertial measurement unit data
of the writing instrument by the position detection device
and sending the collected data by the position detection
device to an electronic smart device.

10. The A method according to claim 9, further compris-
ing collecting radio antenna data of the electronic smart
device and comparing the collected radio antenna data of the
writing instrument to the collected radio antenna data of the
electronic smart device to determine radio location of the
body.

11. The A method according to claim 10, wherein deter-
mining radio location of the body is based on a distance
measurement, in particular a signal strength measurement or
atime to flight measurement, the radio location being carried
out from the network of radio antennas data, and a motion
measurement carried out from the tip pressure sensor data
and the inertial measurement unit data, and processing radio
location data and motion measure data by sensor fusion.

12. A method according to claim 8, wherein processing by
sensor fusion is carried out using an extended Kalman filter.

13. A method according to claim 9, wherein the electronic
smart device is used as a reference position point and as
processing unit.

14. The method according to claim 9, wherein the writing
instrument is provided, the writing instrument further
including a removable cap configured to protect the writing
tip, the removable cap being provided with an auxiliary
position detection device, the auxiliary position device com-
prising an auxiliary inertial measurement unit and at least
one auxiliary radio antenna, the method further comprising
removing the removable cap from the body and placing the
removable cap on a writing surface, using the removable cap
as the reference position point and the electronic smart
device as the processing unit.

15. A computer program including instructions for execut-
ing the steps of the method according to claim 8 when the
program is executed by a computer.



US 2024/0241591 Al

16. A recording medium readable by a computer and
having recorded thereon a computer program including
instructions for executing the steps of the method according
to claim 8.

17. A writing instrument according to claim 4, wherein the
auxiliary position detection device is configured to wireless
transmit data to the position detection device.

18. A method according to claim 9, wherein sensor fusion
is a combination of data derived from different sources, in
particular from the tip pressure sensor, the inertial measure-
ment unit, and the network of radio antennas.

19. A method according to claim 9, wherein the writing
instrument is provided, the writing instrument further
including a removable cap configured to protect the writing
tip, the removable cap being provided with an auxiliary
position detection device, the auxiliary position device com-
prising an auxiliary inertial measurement unit and at least
one auxiliary radio antenna, the method further comprising
positioning the body of the writing instrument in space by
using the removable cap, particularly by placing the remov-
able cap onto a rear end of the writing instrument.

20. A writing instrument according to claim 1, wherein the
writing tip is a felt tip, a ballpoint tip, a mechanical pencil
tip, a graphite pencil lead tip, a chalk tip or a stylus tip.
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