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Description
Field of the invention

[0001] The subject of the invention is a method of
controlling a motor of an electric projectile propulsion
device, in particular an Air Soft Gun (ASG), a controller
for an electric projectile propulsion device, an electric
projectile propulsion device and a computer program
product.

State of the art

[0002] From the document WO2019173070A1, a trig-
ger mechanism is known that allows the user to selec-
tively adjust the pull force vs. displacement profile of the
trigger by changing the static magnetic field in the me-
chanism of the projectile propulsion device - a firearm. In
a magnetic closed loop configuration, the trigger me-
chanism comprises a fixed yoke and a pivotally movable
trigger part. The trigger partincludes a trigger portion and
an operating portion operatively connected to a firing
mechanism of the firearm in order to fire the firearm.
Triggering occurs as aresult of the activation of the switch
or detection of the proximity of the trigger by a magnetic
sensor.

[0003] From the document WO2009006172A2, an
electric projectile propulsion device is known, which is
atoy AEG or ASG (Air Soft Electric Gun), equipped with a
battery-driven motor, switched on and off with a single
trigger switch. The document discloses a motor controller
and a method for controlling the motor using a microcon-
troller and an electronic trigger switch. The motor con-
troller is provided with a variety of fault protection mea-
sures, including a MOSFET transistor-based switch,
overcurrent protection measures, high and low voltage
protection measures, high and low temperature protec-
tion measures, and a MOSFET-based half-bridge to
provide control and braking. In addition, the possibility
of providing the controller with a number of sensors for
monitoring the state of the device, including its tempera-
ture, failure, position, etc., has been disclosed.

[0004] From the document US 2009/025701A1, a trig-
ger mechanism is known, wherein a magnet is asso-
ciated with the trigger such that it moves between a first
Hall effect sensor and a second Hall effect sensor to
detect the trigger’s position.

[0005] The use of electronic trigger switches in ASG
toys has many advantages. These include: increased
reliability, decreased power loss, controllability by a mi-
crocontroller, easy shot counting as well as design flex-
ibility to provide numerous additional features with a
microcontroller.

Technical problem

[0006] There are also some issues with the use of
electronic trigger switches. One of them is the adjustment
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and setting of the trigger sensitivity - practically impos-
sible with the use of microswitches. More advanced
sensors, e.g. magnetic ones, are more suitable in this
respect, but they are also susceptible to interference.
Interference may result in no shot being fired with the
trigger pulled, firing with no trigger pulled, unintentional
interruption of continuous fire, or changes in trigger sen-
sitivity. This is very unfavorable, especially during com-
petition when a failure of the switch prevents the compe-
titor from continuing to compete. An unintentional change
in trigger sensitivity is also very unfavorable, as it results
in a lack of full control and lack of precision.

Summary of the invention

[0007] A method of controlling a motor of an electric
projectile propulsion device performed by a controller
comprising a microcontroller and a trigger sensor con-
nected thereto, adapted to start the motor in response to
a displacement of a trigger, according to the invention is
distinguishable by that it comprises a magnetic element
coupled to the trigger, and the trigger sensor is a mag-
netic field sensor having at least two non-parallel mea-
surement axes configured to sense the position of the
magnetic element along the at least two axes. The posi-
tion of the trigger is determined on the basis of a mea-
surement carried out along these at least two axes and a
comparison of the readout with reference data stored in
memory of the microcontroller. The memory contains
vectors of reference values for at least two axes, unique
for the admissible trigger positions. A shot is fired when a
predefined condition is met. Such a configuration re-
duces the risk of accidental firing in case of interference
or impact. The second and possibly subsequent mea-
surement axes ensure the uniqueness of the measure-
ment readout. At the same time, the lack of mechanical
contact with the sensor makes the device insensitive to
mechanical wear of the trigger sensor. At the same time,
precision and speed of operation as well as insensitivity
to interference from radio signal sources located in the
immediate vicinity or even on the same printed circuit
board are ensured.

[0008] Advantageously, the magnetic field sensor is a
triaxial Hall sensor and the position of the magnetic
element is determined on the basis of a measurement
carried out along three axes and a comparison with
reference data containing vectors of reference values
for three axes. The risk of an occurrence of a given
combination of three values in the measurement is lower
than in the case of two values, thus reducing the risk of
accidental firing.

[0009] Advantageously, initially, a calibration is per-
formed to obtain reference data, the calibration consist-
ing in creating a map of vectors of reference measure-
ment values for individual axes for the whole useful
trigger position range. During the calibration, the steps
of measuring the magnetic field along at least two axes
for the two extreme positions of the trigger are first
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performed, and then the step of sampling of the readouts
of the magnetic field sensor with slowly moving trigger is
performed. Such calibration allows the reference data to
be adapted to the characteristics of a given projectile
propulsion device. In addition, it has surprisingly been
found that such a procedure performed by the shooter
results in a higher density of measurement data in the
phase of the trigger movement in which the shooter
wishes to set a threshold value, the exceeding of which
triggers the shot. While factory-set reference data works
great, adjusting it to requirements of a given shooter can
resultin increased performance and increased density of
the reference vectors at individual, crucial phases of
trigger movement.

[0010] Advantageously, the predefined condition is to
obtain readouts from at least two axes of the magnetic
field sensor corresponding, within predetermined toler-
ance, to the vector of measurement values along those
axes that is contained in the reference data and corre-
sponds to the trigger pull beyond the predefined value.
[0011] Advantageously, the predefined condition is to
obtain a sequence of readouts from at least two axes of
the magnetic field sensor corresponding, within prede-
termined tolerance, to the vectors of measurement va-
lues along those axes that are contained in the reference
data and correspond to the trigger pull positions, at least
one of which exceeds a predefined value, the magnetic
field sensor being sampled at a rate of 2.5 kHz or higher.
This condition additionally reduces the risk of accidental
firing, and the high sampling rate ensures that the user
will not experience any delay.

[0012] A controller of a motor of an electric projectile
propulsion device comprising a microcontroller provided
with memory and a trigger position sensor connected to
the microcontroller, according to the invention is distin-
guished by that the trigger position sensor is a multi-axial
magnetic sensor having at least two non-parallel axes,
and the microcontroller is adapted to perform the method
according to the invention.

[0013] Advantageously, the controller comprises a
user interface connected to the microcontroller.

[0014] Advantageously, the userinterface is a commu-
nication module connected to the microcontroller.
[0015] Advantageously, the communication module is
a transceiver operating in the Bluetooth Low Energy
standard.

[0016] Advantageously, the magnetic field sensor is
connected to the microcontroller via a digital bus adapted
to transfer the samples with frequency of 2.5 kHz or
higher.

[0017] Advantageously, the magnetic field sensor is
connected to the microcontroller via a dedicated analog-
to-digital converter built into the sensor. Such a solution
allows one to use sampling rates higher than those
available with standard built-in sensor converters, and
consequently to use more complex signal processing
techniques including filtering and smoothing.

[0018] An electric projectile propulsion device pro-
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vided with a motor, a trigger for starting the motor and
a controller for the motor comprising a magnetic field
sensor adapted to start the motor when a predefined
trigger displacement condition is met, according to the
invention is distinguished by that the controller for the
motor is a controller according to the invention and the
device further comprises a magnetic element coupled to
the trigger.

[0019] Advantageously, the controller is made on a
printed circuit board arranged substantially in parallel
to a plane of the trigger movement. This allows the
magnetic element and the sensor to be configured so
that the trajectories produce unique value vectors over
the entire range of positions.

[0020] Advantageously, the trigger is rotatably
mounted on an axle, whereas the magnetic element
and the magnetic field sensor are arranged so that the
trajectory of the magnetic element during pulling the
trigger includes, in its initial phase, a segment running
along an arc centered at the magnetic field sensor. Such
a configuration makes it possible to make the position
measurement independent of the field measurement
readouts along individual axes, or to correlate it with
the direction determined on the basis of the ratio of
readouts along at least one pair of axes. This ensures
insensitivity to temperature drift. The arc section should
preferably cover the range from the first 10% to the first
20% of the trajectory of the magnetic element, where the
highest measurement accuracy is required.

[0021] A computer program product according to the
invention comprises instructions for the microcontroller of
the motor controller of the projectile propulsion device,
which, when executed by the microcontroller of the motor
controller, cause the method according to the invention to
be performed.

Brief description of the drawings

[0022] The subject of the invention is explained in the
embodiments shown in the drawings, in which

Fig. 1a shows the housing of the projectile propulsion
device with the motor controller and the triggerin the
first extreme position - the trigger is released,

Fig. 1b shows the same housing with the trigger in
the second extreme position - the trigger is fully
pulled,

Fig. 2a shows a general block diagram of the con-
troller as well as the motor and the power source,

Fig. 2b shows the waveforms corresponding to read-
outs from the x, y, z axes of the trigger sensor as a
function of the position of the magnetic element,

Fig. 3 shows the flow chart of an exemplary calibra-
tion,



5 EP 4 414 652 B1 6

Fig. 4 shows the flow chart of actions performed
during the calibration with the trigger released,

Fig. 5 shows the flow chart of actions performed
during the calibration with the trigger pulled,

Fig. 6 shows the flow chart of actions performed
during the calibration with the trigger in motion,

Fig. 7 shows the results of exemplary trigger sensor
readouts during the calibration.

Description of embodiments of the invention

[0023] The electric device according to the invention is
equipped with a motor for tensioning a spring (not shown
in the drawings) responsible for ejecting the projectile. In
the case of single fire, in the first phase of the shot the
spring is coupled to the motor and is tensioned by a set of
gears driven by the spinning motor (not shown in the
drawings), while in the second phase the motor is de-
coupled and the released spring ejects the projectile. In
the case of continuous fire, coupling, spring tensioning
and decoupling repeat automatically, causing a series of
shots until the trigger is released or the projectiles are run
out.

[0024] The shot is triggered by the trigger, as with
conventional handguns orrifles. In the present invention,
the trigger is coupled to a motor controller that senses the
position of the trigger and turns on the motor. A fragment
of the projectile propulsion device according to the in-
vention is shown in Fig. 1a and Fig. 1b. Fig. 1a shows a
fragment of the device in which the trigger 130 is in the
released position, and Fig. 1b shows a fragment of the
device in which the trigger 130 is pulled. The trigger
rotates around an axle 131. The controller 120 is inte-
grated on a printed circuit board with a trigger position
sensor 121, the board additionally containing a Bluetooth
Low Energy communication transceiver. In alternative
embodiments, other radio modules may be used, in
particular using other communication standards such
as WiFi, LoRa, Wmbus, or UWB.

[0025] The motor is supplied with direct current via
connecting cables 141, 142. Due to the fact that the
trigger position sensor is insensitive to interference
caused by wireless transmission of the radio module,
the controller can be made on a single printed circuit
board. A magnetic element 132 is mounted on the trigger
130, and the trigger position sensor 121 is a magnetic
field sensor detecting the field along at least two non-
parallel axes. In the present embodiment, a triaxial Hall
sensor TLV493 from Infineon, detecting the magnetic
field along the X, y, z axes was used. The trigger move-
ment causes rotation of the magnetic element 132
around the axle 131, and in consequence a change in
the magneticfield sensed by the sensor along atleast two
non-parallel axes. Based on the measured values of the
magnetic field, the position of the magnetic element 132
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is determined. When the trigger is being pulled, the read-
out of the trigger position sensor 121 along a given axis
follows a repeatable curve resulting from a trajectory of
the magnetic element 132. In consequence, it is possible
to adapt the controller by configuring the microcontroller
210 so that a shot was fired at a convenient time instance
selected by the user. In the case of users using the
projectile propulsion device for sports purposes, indi-
cated trigger position is usually close to the initial position
ofthe trigger because the "sensitive" trigger improves the
chances during ASG competitions.

[0026] A simplified block diagram of a control system
for the projectile propulsion device according to an em-
bodiment of the present invention is shown in Fig. 2a.
Power is supplied to the motor 200 from a power source
290 via a transistor key 291 controlled by a microcon-
troller 210. The controller 120 includes the microcontrol-
ler 210 controlling the transistor key 291 and receiving
readouts from the triaxial Hall sensor acting as the trigger
position sensor 121. It should be noted that a sensor
having two non-parallel axes is sufficient to implement
the invention.

[0027] The TLV493 sensor has a built-in analog-to-
digital converter that transmits data using redundancy
correction codes via an 12C bus using correction codes.
This is agood and safe solution, although the clock speed
of the 12C bus does not allow the use of the most ad-
vanced signal processing techniques. On the other hand,
the integrated converter ensures reliability and avoids
hard-to-find intermittent compatibility issues.

[0028] The microcontroller 210 is provided with mem-
ory 212 in which reference data is stored, and a commu-
nication module 213 which preferably transmits to a
remote device a configuration regarding, for example,
the trigger position at which a shot is to be fired, or collects
statistical information about the number of shots fired,
their rate, the condition of the battery being the power
source, etc. In addition, through the communication mod-
ule, the motor controller obtains, among others, instruc-
tions for the procedure of collecting the reference value
vector map. Thus, the communication module acts as a
user interface.

[0029] The device can be equipped with both a user
interface, e.g. in the form of LEDs and/or a display and
physical buttons, as well as only with the communication
module through which the user communicates with the
device using an application running on a remote device,
e.g. a smartphone connected to the microcontroller via
the communication module 213.

[0030] The microcontroller 210 is adapted to imple-
ment the method according to the invention, which can
be loaded as a program into the memory 212.

[0031] The microcontroller 210 tracks the movement of
the trigger via the trigger position sensor 121, which
senses the changes in the magnetic field along the x,
y, z axes caused by the movement of the magnetic
element 132. A vector of the sensor readouts pc,, Py
P, corresponding to the x, y, z axes, respectively, is
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compared with the reference value vectors stored in the
memory 212. Exemplary shapes of p along particular
axes as a function of the trigger pull degree which de-
termines the change in the position r of the magnetic
element 132 is shown in Fig. 2b. The dotted line p,(r)
represents the readout of the magnetic field value along
the x-axis, the solid line py(r) represents the vector of
readouts of the magnetic field value along the y-axis, and
the dashed line p,(r) represents the readouts of the
magnetic field value along the z-axis.

[0032] The microcontroller 210, in response to the
movement of the trigger 130 that displaces the magnetic
element 132 beyond the predefined position, activates
the transistor key 291, thus powering the motor 200,
which causes the spring being tensioned and released,
resulting in a shot being fired.

[0033] Since the trigger sensor 121 is a magnetic field
sensor having at least two non-parallel measurement
axes, random sensor readouts due to interference do
not cause a shot. Similarly, the shot will not be fired due to
mechanical failure of the trigger or the entire device when
one of the mechanical elements of the trigger or the entire
housing is damaged due to an impact, fall or other event.
Such events may occur during a competition and may
lead to very dangerous uncontrolled firing situations. The
position r of the trigger 130 is determined by taking
measurements along at least two axes (in the present
embodiment along three axes) and comparing the read-
out, i.e. the vector of the read magnetic field values p,,
Pcys P With the reference data stored in the memory 212
of the microcontroller 210. The reference data includes
reference readout value vectors for different trigger posi-
tions. The combinations of the coordinates of the refer-
ence vectors Pey(r), Pey(r), Pe,(r) are unique for the
admissible, i.e. realizable in practice, positions r of the
magnetic element 132, resulting from the trigger pull
degree causing the rotation of the trigger around the
rotation axle 131.

[0034] A ftriaxial measurement is even more reliable
than a biaxial measurement, not only because the com-
bination of the three values makes it easier to ensure that
the combination is unique for each position of the mag-
netic element 132 in the entire trigger pull range, but also
because, in case of interference, the probability that the
interference will result in an readout matching the refer-
ence is significantly lower. Interference occurs for a vari-
ety of reasons. The source of interference is the radio
communication module 213. Interference is also caused
by the power cables of the motor during its operation due
to the generated magnetic field associated with the cur-
rent flow. When starting the motor, the operating current
can significantly exceed 100 Amperes. Magnetic sensors
are also affected by permanent magnets and electro-
magnets commonly used in computers, door and gate
locks, book covers, telephones, e-readers, or notebooks.
[0035] Lack of consistent readouts for all axes is con-
sidered an invalid measurement that does not start the
motor. Thus, the solution prevents accidental firing in
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case of internal or external interference or the application
of an external magnetic field e.g. of a magnet or, for
example, caused by the proximity of a high-power walk-
ie-talkie.

[0036] The controller 120 made on a printed circuit
board is preferably placed in the device in such a way
that the movement of the magnetic element 132 takes
place in a plane substantially parallel to the plane in which
the PCB is mounted. In such a case the sensor operating
range can be fully utilized and, in the crucial phase of
motion, the analog-to-digital converters that convert the
signals from the Hall sensor to digital signals analyzed by
the microcontroller work on signals well matched to their
dynamic range. Such arrangement of the elements of the
motor controller 120, especially the trigger position sen-
sor 121, gives a high dynamics of changes in the value of
the read magnetic field during the movement of the
magnetic element 132, which results in an increased
measurement resolution.

[0037] Preferably, the magnetic element 132, the trig-
ger 130, the rotation axle 131 and the trigger sensor 121
are arranged such that the trajectory of the magnetic
element 132 during pulling of the trigger includes, in its
initial phase, a segment running along an arc centered in
the trigger sensor 121, and additionally, two of the mea-
surement axes of the trigger sensor 121 are perpendi-
cular to each other and parallel to the plane of the printed
circuit board. Such a configuration makes it easier to
obtain independence from conditions affecting the am-
plitude of the readout and to directly detect the trigger
rotation angle on the basis of the ratio between the read-
outs along the two above-mentioned axes. The possibi-
lity of making the readout independent of the operating
temperature is especially valuable, because firing from
an electric projectile propulsion device is an exothermic
operation, so the controller operates in a large range of
temperatures.

[0038] Preferably, this initial phase is between the
positions corresponding to the trigger pull degree of
10% and 20%, because it is where the users typically
set the moment of starting the motor and thus it is ad-
vantageous to ensure the highest insensitivity to vari-
ables environmental conditions in this particular range.

[0039] Using the solutions according to the invention,
the projectile propulsion device can be calibrated accord-
ing to the individual needs or sport skills of the person
using the device. Calibration can also help if the geometry
of the device changes due to a shock or an impact-type
environmental exposure, or the operating temperature
changes dramatically.

[0040] Inthis embodiment, the calibration is performed
in all three x,y,z axes of the sensor. First, the readouts
corresponding to the two extreme positions of the trigger
are collected, and then a sampling step 311 of the read-
outs (Pex(r), Pey(r), Pe,(r)) of the trigger sensor 121 is
performed with the trigger 130 moving slowly while being
pulled by the operator, as described below with reference
to Fig. 3. Calibration is under the control of the micro-
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controller 210. Itis advantageous to provide an increased
density of registered unique combinations of the read-
outs in the range corresponding to the initial stage of the
trigger pulling - preferably between the positions corre-
sponding to the trigger pull degree of 10% and 20%.
[0041] The calibration flow chart is illustrated in Fig. 3.
Step 300 initiates the procedure in response to a user
command. The command can be given by pressing a
calibration button (not shown in Fig. 2a) connected to the
microcontroller 210 or by a signal from a remote device
e.g. a smartphone or tablet being in communication with
the communication module 213. Then, in step 301, the
device enters the calibration mode via the user interface.
In step 302, the user interface outputs an instruction to
pull and release the trigger. If trigger pull and release are
detected in step 303, the procedure proceeds to the
calibration at released trigger step 306, otherwise this
step is skipped. After step 306, the user is instructed via
the user interface to pull and hold the trigger in step 307. If
a trigger pull is detected in step 304, the procedure
proceeds to the calibration at pulled trigger step 308,
otherwise step 308 is skipped. Next, in step 310, the user
interface outputs an instruction to pull the trigger slowly
and smoothly. In step 311, the sensor is sampled and in
step 312, a reference map of the positions and magnetic
field values along three axes is created. In step 313, the
position map is evaluated and if it is correct, the com-
pleteness of the reference data is verified in step 314, and
if the verification result is positive, the calibration ends
with success - step 315. If the map fails the verification,
e.g. due to collecting less than the desired number of
unique trigger positions, the process fails. A minimum
number of unique positions is typically assumed to be
200- although much less is sufficient - and in the present
invention typically 400-500 unique positions are ob-
tained.

[0042] The flow chart for determining the reference
value vector for the released trigger position is shown
in Fig. 4. Advanced shooters set the moment of trigger
release very close to its neutral position, at the trigger pull
degree of 10% to 20%, to ensure the fastest possible
response of the system, even to a slight finger movement
on the trigger, because such settings give the shooter
more responsiveness and improve performance, espe-
cially in Speed Soft games. The calibration at the re-
leased position starts with the initialization step 460. After
waiting for the insensitivity time - delay step 461, the
microcontroller 210 starts the sampling of magnetic field
values along all axes of the trigger sensor 121 - step 462.
In the sampling step 463, 2000 values are collected for
each measurement axis. In the analysis step 464, the
collected values are subjected to an analysis, in which
base values for each axis and standard deviations for
each axis are determined. These values are then used to
determine the current trigger position and to set toler-
ances. Determining the calibration values for the re-
leased trigger position ends with storing this data in the
memory - step 465.
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[0043] The flow chart for determining the reference
value vector for the fully pulled trigger position is shown
in Fig. 5. The calibration at fully pulled position starts with
the initialization step 580. After waiting for the insensi-
tivity time - delay step 581, the microcontroller 210 starts
the sampling of magnetic field values along all axes of the
trigger sensor 121 - step 582. In the sampling step 583,
2000 values are collected for each measurement axis. In
the analysis step 584, the collected values are subjected
to an analysis, in which base values for each axis and
standard deviations for each axis are determined. The
correctness of the data is verified in step 585 by checking
whether the pulled trigger state is sufficiently different
from the released trigger state. The difference is evalu-
ated based on the absolute values of the differences of
the individual coordinates of the measurement vector for
the individual axes of the magnetic sensor 121. If this
condition is not met, an error message is issued to the
user interface in step 587. Determining the reference
value vector for the pulled trigger position ends with
storing this data in the memory - step 588. These values
are then used to determine the current trigger position
and to set tolerances.

[0044] The flow chart for determining the reference
trigger position map and the magnetic field values for
the positions between the released and pulled ones is
shown in Fig. 6. The operation begins with the initializa-
tion step 610 and starting sampling. The userisinstructed
via the interface to slowly pull the trigger. After waiting for
the insensitivity time - delay step 611, the microcontroller
210 allocates 3 sample buffers in allocation step 612 and
in step 613 it starts sampling the magnetic field values
along all axes of the trigger sensor 121. The buffers are
filled in step 615, starting at the time instance when the
movement of the trigger was detected in step 614. Sam-
pling ends when each of the buffers of 2000 samples of
magnetic field values along the axis corresponding to this
bufferis filled. The data is verified in step 616 by checking
whether a full trigger pull has not occurred before 2000
samples have been collected and whether sufficient
number of samples have been collected by the time
the trigger is fully pulled. If these conditions are not
met, an error message is issued to the user interface
in step 619. Sampling ends with filled buffers in step 617.
[0045] The collected samples are processed by delet-
ing positions sampled multiple times and creating a map
of unique values. On the basis of the sum of the absolute
values of the differences in the individual axes x, y, z, the
resultant differences A between adjacent samples are
created. By reviewing the entire sample set, the minimum
value minA of the difference between adjacent samplesis
determined. Then duplicates are removed by not rewrit-
ing from the buffers to the reference table stored in the
memory the samples of the field values along the x, y, z
axes, differing from the previous ones by less than minA.
If more than 500 samples of the magnetic field values
along the x, y, z axes are saved in the reference table, the
calibration is successful, otherwise an error message is
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issued. Each sample in the reference table corresponds
to a deeper pull of the trigger. The pull degree is indicated
by successive values starting from zero. In the last step of
a correctly performed set of operations, the created
reference table is saved to the nonvolatile memory of
the microcontroller, i.e. to the built-in memory of the
microcontroller or the external memory 212 attached to
it. Fig. 7 illustrates the graphs corresponding to the
reference data, i.e. the reference values of the magnetic
field readout for the three measurement axes stored in
the reference table.

[0046] After the calibration is completed, the user can
use the user interface to set an individual trigger position,
which, when exceeded, causes a shot, or leave the
default value (half of the full trigger displacement). It turns
out that most shooters, when performing individual cali-
bration, guide the trigger in such a way that the most
measurement points are collected in the phase of the
movement in which they later want to set the firing posi-
tion. This is related to the intentional or unintentional
slowing down of the trigger movement during the calibra-
tion. For shooters participating in competitions, not only
the reliability of the weapon is important, but also the firing
rate, which is related to the sampling rate and processing
delay.

[0047] In this embodiment, the sampling period of the
trigger sensoris setto 310 ws. Thisis a compromise value
between the capabilities of the selected communication
interfaces between the microprocessor and the sensor
(I2C) and the time resolution required for reliable and
redundant data processing at a rate sufficient for sports
operating conditions. Redundant data processing is op-
tional, but provides additional security.

[0048] The time between sensor measurements is an
important parameter to ensure the proper speed of the
trigger mechanism when using the device. The use of
shorter time (higher sampling rate) additionally enables
the use of digital data analysis algorithms.

[0049] Leading players of Air Soft sports, especially in
the form of Speed Soft games, can make a successful
shotin less than 7 ms. With simple processing, in order to
avoid aliasing, it is enough to use a sampling frequency
twice as high as the frequency of the measured signal. In
this case, a measurement period of 3.5 ms (sampling
frequency 286 Hz) is sufficient. When sampling at such a
frequency, the predefined criterion for triggering the shot
is to obtain readouts from all axes of the trigger sensor
121 that correspond, within a predefined tolerance, to a
reference vector of measurement values for these axes
contained in the reference data and corresponding to a
trigger pull beyond a predefined value.

[0050] Sampling with a period of 310 ws (sampling
frequency approx. 3.2 kHz) allows 22 independent mea-
surements for all axes of the trigger sensor to be done in
the time when the fastest players shoot. Such redun-
dancy allows one to formulate the shot trigger condition
not only in relation to a single specific readout value
vector for three axes, but also based on a sequence of
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consecutive measurements. Such significant oversam-
pling of signals allows the sequence of readouts from the
trigger sensor to be matched with the sequence of read-
outs stored in the reference data and a real operation on
the trigger to be confirmed and distinguished from ex-
ternal interference or random events caused, for exam-
ple, by a stroke due to the fall of the device, and, in the
particular case, a fall in which the trigger mechanism is
damaged. The applied oversampling allows the signal to
be subjected to an additional analysis, for example dis-
crimination of values showing too large gradient of
changes. Such operations may additionally require ap-
proximation of values between measured reference
data. Tests have shown that the measurement sequence
detection works well at sample rates above 2.5 kHz.
[0051] High rate of readouts from the trigger sensor,
significantly exceeding 3kHz, providing the possibility of
using even more advanced signal processing techniques
including filtering and smoothing, can be obtained by
using an analog sensor connected to an external ana-
log-to-digital converter or by using a converter built into
the microcontroller. In such cases, it is necessary to
conduct analog signals using conductive connections
on the PCB. Such connections are particularly exposed
tointernal and external electromagnetic interference that
is very difficult to eliminate due to the negligible amount of
energy on the signal lines and the very high sensitivity of
the inputs of signal converters.

[0052] Inthe embodiment of the controller and method
discussed above, referring to Fig. 2a, a Hall sensor with a
built-in analog-to-digital converter made in a single sili-
con structure is used. Due to the short connection dis-
tances in the silicon structure of the sensor, the sensitive
connections of analog signals are practically completely
immune to electromagnetic interference. Communica-
tion with the microcontroller is performed in a digital
way, which by its nature is much more resistant to inter-
ference. The used 12C communication bus provides the
ability to transfer data with a period of 310 us and an
elementary correction code.

[0053] In alternative embodiments, a faster communi-
cation interface may be used, which may additionally
utilize more advanced redundancy cyclic codes to ensure
that the information is delivered unchanged or is marked
as invalid. To ensure immunity to interference while
maintaining a sampling frequency exceeding 3.3 kHz,
an external analog-to-digital converter can be used, pro-
viding sampling frequency for each axis of the magnetic
sensor exceeding 3.3 kHz, preferably greater than 5 kHz
and even greater than 10 kHz, together with a suitable
communication bus faster than 12C and utilizing ad-
vanced redundancy codes.

Advantages and industrial applicability of the in-
vention

[0054] Theinventionallows one to take benefitfromthe
sensitivity and precision of the magnetic sensor, and at
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the same time provides resistance to interference, espe-
cially to troublesome and common external magnetic
field.

[0055] Additionally, it was unexpectedly possible to
achieve resolution of the trigger position detection higher
than in the case of other sensors. Fig. 2b and 7 show that
for different positions, different measurement axes ex-
hibit alternating high and low values and high and low
gradients of changes. Especially in the initial phase of the
movement, atleast one axis shows a strong dependence
on the trigger position. This results in a high resolution of
the position detection. Using all the values one gets high
dynamics. Over 400 unique positions obtained, corre-
sponding to 400 degrees of adjustment, is a much higher
result than in the case of other electronic controllers for
projectile propulsion weapons.

[0056] The present invention may be embodied in
various hardware, software, or combinations thereof.
The hardware implementation may include, but is not
limited to, application-specific integrated circuits
(ASICs), field-programmable gate arrays (FPGAs), digi-
tal signal processors (DSPs), microcontrollers, micropro-
cessors, systems-on-a-chip (SoC), and other program-
mable logic devices. It can also include custom or com-
mercial off-the-shelf (COTS) hardware components such
as integrated circuits (ICs), printed circuit boards (PCBs),
as well as specialized circuits designed to perform spe-
cific functions. The invention may also be implemented
using a combination of different hardware components,
such as a combination of ASICs and FPGAs or a combi-
nation of microprocessors and DSPs. It will be clear to
those skilled in the art that the specific hardware compo-
nents used to practice the invention may vary depending
on desired performance and cost constraints. The ap-
pended claims are not limited to the specific hardware
components described herein, and any combination of
hardware components known in the art that are capable
of performing the functions described in the claims is
considered to fall within the scope of the invention as
defined by the appended claims.

[0057] Animplementation of a computer program pro-
duct may include, but is not limited to, a set of instructions
for a programmable device writable in its memory, it may
be firmware, middleware, and other software applica-
tions that can be run on general purpose hardware or
specialized hardware. In extreme cases, it can be offered
in the form of software as a service (SaaS).

[0058] The computer program product may be stored
on a variety of media, including, but not limited to, mag-
netic media such as hard drives, optical media such as
CDs or DVDs, flash memory devices such as USB drives,
as well as solid state drives (SSDs). The computer pro-
gram product may also be stored in cloud storage sys-
tems such as Amazon Web Services (AWS), Microsoft
Azure or Google Cloud Platform. In case of SaaS, the
software is hosted and shared over the internet and can
be accessed via a web browser or other client software.
SaaS provides the advantage of allowing users to access
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the software from anywhere with an internet connection,
with no need for installation on local devices.

[0059] It is clear to those skilled in the art that the
specific hardware and software components used to
practice the invention may vary depending on desired
performance and cost constraints. The appended claims
are not limited to the specific media and software com-
ponents described herein, and any combination of media
and software components known in the art that are cap-
able of performing the functions described in the claims is
considered to fall within the scope of the invention.
[0060] The embodiments described above should not
be considered as limiting as they are merely intended to
illustrate the invention as defined by the appended claims
which cover the entire spectrum of implementations.

Claims

1. A method of controlling a motor of an electric pro-
jectile propulsion device with a motor controller (120)
comprising a microcontroller (210) and a trigger
sensor (121) connected thereto adapted to start
the motor (200) in response to a displacement of a
trigger (130), wherein the motor controller comprises
a magnetic element (132) coupled to the trigger, and
the trigger sensor (121) is a magnetic field sensor,
characterized in that the magnetic field sensor has
at least two non-parallel measurement axes (x,y,z)
configured to sense a position of the magnetic ele-
ment (132) along the atleasttwo axes (x,y,z), and the
position (r) of the trigger (130) is determined on the
basis of a measurement carried out along these at
least two axes and a comparison of the measure-
ment readout (pgy, Peys Pcz) With reference data
stored in memory (212) of the microcontroller
(210) which contains vectors of reference measure-
ment values for at least two axes (pcx(r), Pcy(r), Pc;
(r)) unique for admissible trigger positions (r), and a
shot is fired when a predefined condition is met.

2. Method of controlling according to claim 1, wherein
the magnetic field sensor (121) is a triaxial Hall
sensor and the position of the magnetic element
(132) is determined on the basis of a measurement
carried out along three axes (x,y, z) and a compar-
ison with reference data containing vectors of refer-
ence values for three axes (x,y,z).

3. The method according to claim 1 or 2, wherein,
initially, a calibration is performed to obtain reference
data, in which the steps of measuring (306, 308) the
magnetic field along at least two axes (x,y,z) for the
two extreme positions of the trigger are first per-
formed, and then the step of sampling (311) of the
readouts (pex(r), pcy(r), P(r)) of the magnetic field
sensor (121) with slowly moving trigger (130) is
performed.
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Method according to any of claims 1 to 3, wherein the
predefined condition is to obtain readouts from at
least two axes of the magnetic field sensor (121)
corresponding, within predetermined tolerance, to
the vector of measurement values along those axes
that is contained in the reference data and corre-
sponds to the trigger pull beyond the predefined
value.

Method according to any of claims 1 to 4, wherein the
predefined condition is to obtain a sequence of read-
outs from at least two axes of the magnetic field
sensor (121) corresponding, within predetermined
tolerance, to the vectors of measurement values
along those axes that are contained in the reference
data and correspond to the trigger pull positions, at
least one of which exceeds a predefined value,
wherein the magnetic field sensor is sampled at a
rate of 2.5 kHz or higher.

A motor controller (120) for a motor (200) of an
electric projectile propulsion device comprising a
microcontroller (210) provided with memory (212)
and a trigger position sensor (121) connected to the
microcontroller characterized in that the trigger
position sensor (121) is a multi-axial magnetic field
sensor having at least two non-parallel axes, and the
microcontroller (210) is adapted to perform the meth-
od as defined in any of claims 1 to 5.

Motor controller (120) according to claim 6 compris-
ing a user interface connected to the microcontroller
(210).

Motor controller (120) according to claim 7 in which
the user interface is a communication module (213)
connected to the microcontroller (210).

Motor controller (120) according to claim 8 in which
the communication module (213) is a transceiver
operating in the Bluetooth Low Energy standard.

Motor controller (120) according to any of claims 6 to
9 in which the magnetic field sensor (121) is con-
nected to the microcontroller via a digital bus
adapted to transfer the samples with a rate of 2.5
kHz or higher.

Motor controller (120) according to claim 10 char-
acterized in that the magnetic field sensor (121) is
connected to the microcontroller via a dedicated
analog-to-digital converter.

An electric projectile propulsion device provided with
a motor (200), a trigger (130) for starting the motor
and a controller (120) for the motor comprising a
trigger position sensor (121) adapted to start the
motor (200) when a predefined trigger (130) displa-
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13.

14.

15.

cement condition is met characterized in that the
controller (120) of the motor is a motor controller
according to claim 6 and it further comprises a mag-
netic element (132) coupled to the trigger (130).

Electric projectile propulsion device according to
claim 12 characterized in that the controller (120)
is made on a printed circuit board arranged substan-
tially in parallel to the plane of a motion of the trigger.

Electric projectile propulsion device according to
claim 12 or 13 characterized in that the trigger
(130) is rotatably mounted on an axle (131), whereas
the magnetic element (132) and the magnetic field
sensor (121) of the controller (120) are arranged so
that the trajectory of the magnetic element during
pulling the trigger includes, in its initial phase, a
segment running along an arc centered at the mag-
netic field sensor (121).

A computer program product comprising instructions
for the microcontroller of the motor controller of the
electric projectile propulsion device according to any
of claims 12 to 14, characterized in that the instruc-
tions executed by the microcontroller of the motor
controller cause the method according to any of
claims 1 to 5 to be performed.

Patentanspriiche

1.

Verfahren zum Steuern eines Motors einer elekiri-
schen Projektilantriebsvorrichtung mit einer Motor-
steuerung (120), die einen Mikrocontroller (210) und
einen damit verbundenen Abzugssensor (121) um-
fasst, der so eingerichtetist, dass er den Motor (200)
in Reaktion auf eine Verschiebung eines Abzugs
(130) startet, wobei die Motorsteuerung ein Magnet-
element (132) umfasst, das mit dem Abzug gekop-
pelt ist, und der Abzugssensor (121) ein Magnet-
feldsensor ist, dadurch gekennzeichnet, dass der
Magnetfeldsensor zumindest zwei nicht parallele
Messachsen (x, y, z) aufweist, die so konfiguriert
sind, dass sie eine Position des Magnetelements
(132) entlang der zumindest zwei Achsen (x, v, z)
erfassen, und die Position (r) des Abzugs (130) auf
der Grundlage einer Messung, die entlang dieser
zumindest zwei Achsen durchgefiihrt wird, und eines
Vergleichs der Messwertauslesung (p,, Pey: Pgz) Mit
Referenzdaten, die in dem Speicher (212) des Mik-
rocontrollers (210) gespeichert sind, der Vektoren
von Referenzmesswerten fir zumindest zwei Ach-
sen (p,(r), pcy(r), Pcz(r) enthélt, die fur zulassige
Abzugspositionen (r) eindeutig sind, bestimmt wird,
und ein Schuss abgefeuert wird, wenn eine vordefi-
nierte Bedingung erfillt ist.

Steuerungsverfahren geman Anspruch 1, wobei der
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Magnetfeldsensor (121) ein dreiachsiger Hall-Sen-
sor ist und die Position des Magnetelements (132)
auf der Grundlage einer Messung, die entlang dreier
Achsen (X, y, z) durchgefihrt wird, und eines Ver-
gleichs mit Referenzdaten, die Vektoren von Refe-
renzwerten flr drei Achsen (x, y, z) enthalten, be-
stimmt wird.

Verfahren gemal Anspruch 1 oder 2, wobei zu-
nachst eine Kalibrierung durchgefiihrt wird, um Re-
ferenzdaten zu erhalten, bei der zunachst die Schrit-
te des Messens (306, 308) des Magnetfelds entlang
zumindest zweier Achsen (x, y, z) fir die beiden
Extrempositionen des Abzugs durchgefiihrt werden
und dann der Schritt des Abtastens (311) der Aus-
lesungen (Pgy(r), Pgy(r), Pc,(r)) des Magnetfeldsen-
sors (121) mit sich langsam bewegendem Abzug
(130) durchgefiihrt wird.

Verfahren gemafl einem der Anspriiche 1 bis 3,
wobei die vordefinierte Bedingung darin besteht,
Auslesungen von zumindest zwei Achsen des Mag-
netfeldsensors (121) zu erhalten, die innerhalb einer
vorbestimmten Toleranz dem Vektor von Messwer-
ten entlang dieser Achsen entsprechen, der in den
Referenzdaten enthalten ist und dem Abzug uber
den vordefinierten Wert hinaus entspricht.

Verfahren gemaR einem der Anspriiche 1 bis 4,
wobei die vordefinierte Bedingung darin besteht,
eine Folge von Auslesungen von zumindest zwei
Achsen des Magnetfeldsensors (121) zu erhalten,
die innerhalb einer vorbestimmten Toleranz den
Vektoren von Messwerten entlang dieser Achsen
entsprechen, die in den Referenzdaten enthalten
sind und den Abzugspositionen entsprechen, von
denen zumindest eine einen vordefinierten Wert
Uberschreitet, wobei der Magnetfeldsensor mit einer
Rate von 2,5 kHz oder héher abgetastet wird.

Motorsteuerung (120) eines Motors (200) fiir eine
elektrische Projektilantriebsvorrichtung, die einen
Mikrocontroller (210) umfasst, der mit einem Spei-
cher (212) und einem Abzugspositionssensor (121)
versehen ist, der mit dem Mikrocontroller verbunden
ist, dadurch gekennzeichnet, dass der Abzugspo-
sitionssensor (121) ein mehrachsiger Magnetfeld-
sensor mit zumindest zwei nicht parallelen Achsen
ist und der Mikrocontroller (210) so eingerichtet ist,
dass erdasin einem der Anspriiche 1 bis 5 definierte
Verfahren ausfihrt.

Motorsteuerung (120) gemafy Anspruch 6, die eine
mitdem Mikrocontroller (210) verbundene Benutzer-
schnittstelle umfasst.

Motorsteuerung (120) gemaR Anspruch 7, bei der
die Benutzerschnittstelle ein mit dem Mikrocontroller
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(210) verbundenes Kommunikationsmodul (213) ist.

Motorsteuerung (120) gemafR Anspruch 8, bei der
das Kommunikationsmodul (213) ein Transceiver
ist, der in dem Bluetooth Low Energy-Standard ar-
beitet.

Motorsteuerung (120) gemaf einem der Anspriiche
6 bis 9, bei der der Magnetfeldsensor (121) mit dem
Mikrocontroller Uber einen digitalen Bus verbunden
ist, der so eingerichtetist, dass er die Abtastwerte mit
einer Rate von 2,5 kHz oder héher ibertragt.

Motorsteuerung (120) gemaR Anspruch 10, da-
durch gekennzeichnet, dass der Magnetfeldsen-
sor (121) Uber einen dedizierten Analog-Digital-
Wandler mit dem Mikrocontroller verbunden ist.

Elektrische Projektilantriebsvorrichtung, die mit ei-
nem Motor (200), einem Abzug (130) zum Starten
des Motors und einer Steuerung (120) fir den Motor
versehenist, die einen Abzugspositionssensor (121)
umfasst, der so eingerichtet ist, dass er den Motor
(200) startet, wenn eine vordefinierte Verschie-
bungsbedingung des Abzugs (130) erfiillt ist, da-
durch gekennzeichnet, dass die Steuerung
(120) des Motors eine Motorsteuerung gemaf An-
spruch 6 ist und weiterhin ein Magnetelement (132)
umfasst, das mit dem Abzug (130) gekoppelt ist.

Elektrische Projektilantriebsvorrichtung gemak An-
spruch 12, dadurch gekennzeichnet, dass die
Steuerung (120) auf einer Leiterplatte ausgebildet
ist, die im Wesentlichen parallel zu der Bewegungs-
ebene des Abzugs angeordnet ist.

Elektrische Projektilantriebsvorrichtung gemal An-
spruch 12 oder 13, dadurch gekennzeichnet, dass
der Abzug (130) drehbar auf einer Achse (131) mon-
tiert ist, wahrend das Magnetelement (132) und der
Magnetfeldsensor (121) der Steuerung (120) so an-
geordnet sind, dass die Flugbahn des Magnetele-
ments beim Ziehen des Abzugs in ihrer Anfangs-
phase ein Segment umfasst, das entlang eines auf
den Magnetfeldsensor (121) zentrierten Bogens ver-
lauft.

Computerprogrammprodukt, das Anweisungen fiir
den Mikrocontroller der Motorsteuerung der elektri-
schen Projektilantriebsvorrichtung gemal einem
der Anspriiche 12 bis 14 umfasst, dadurch gekenn-
zeichnet, dass die durch den Mikrocontroller der
Motorsteuerung ausgefihrten Anweisungen das
Verfahren die Durchfiihrung des Verfahrens gemaf
einem der Anspriiche 1 bis 5 bewirken.
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Revendications

Procédé de commande d’'un moteur d’un dispositif
de propulsion de projectile électrique avec un dis-
positif de commande de moteur (120) comprenant
un microcontréleur (210) et un capteur de gachette
(121) connecté a celui-ci congu pour démarrer le
moteur (200) en réponse a un déplacement d’'une
gachette (130), dans lequel le dispositif de
commande de moteur comprend un élément ma-
gnétique (132) couplé a la gachette, et le capteur de
gachette (121) est un capteur de champ magné-
tique,

caractérisé en ce que le capteur de champ magné-
tique posséde au moins deux axes de mesure non
paralléles (x, y, z) configurés pour détecter une
position de I'élément magnétique (132) selon les
au moins deux axes (X, Y, z), et la position (r) de la
gachette (130) est déterminée sur la base d'une
mesure effectuée selon ces au moins deux axes et
d’'une comparaison de la lecture de mesure (pg,, Py
Pc,) avec des données de référence stockées dans
la mémoire (212) du microcontréleur (210) qui
contient des vecteurs de valeurs de mesure de ré-
férence pour au moins deux axes (Pe,(r), pcy(r), Pez
(r)) uniques pour des positions de gachette admissi-
bles (r), etun coup de feu esttiré lorsqu’une condition
prédéfinie est satisfaite.

Procédé de commande selon la revendication 1,
dans lequel le capteur de champ magnétique
(121) est un capteur a effet Hall triaxial et la position
de I'élément magnétique (132) est déterminée surla
base d’'une mesure effectuée selon trois axes (x, y, z)
et d’'une comparaison avec des données de réfé-
rence contenant des vecteurs de valeurs de réfé-
rence pour trois axes (X, Y, z).

Procédé selon la revendication 1 ou 2, dans lequel,
initialement, un étalonnage est réalisé pour obtenir
desdonnées deréférence, danslequel les étapes de
mesure (306, 308) du champ magnétique selon au
moins deux axes (X, y, z) pour les deux positions
extrémes de la gachette sont d’abord réalisées, et
ensuite I'étape d’échantillonnage (311) des lectures
(Pex(N), pr(r), Pcz(r)) du capteur de champ magne-
tique (121) avec la gachette (130) se déplagant
lentement est réalisée.

Procédé selon I'une quelconque des revendications
1a3, danslequel la condition prédéfinie est d’obtenir
des lectures a partir d’au moins deux axes du capteur
de champ magnétique (121) correspondant, dans
les limites d'une tolérance prédéterminée, au vec-
teur de valeurs de mesure selon ces axes qui est
contenu dans les données de référence et qui cor-
respond a un appui sur la gachette au-dela de la
valeur prédéfinie.
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Procédé selon I'une quelconque des revendications
1a4, danslequel la condition prédéfinie est d’obtenir
une séquence de lectures a partir d’'au moins deux
axes du capteur de champ magnétique (121) cor-
respondant, dans les limites d’une tolérance prédé-
terminée, aux vecteurs de valeurs de mesure selon
ces axes qui sont contenus dans les données de
référence et correspondent aux positions d’appui sur
la gachette, dont au moins I'une dépasse une valeur
prédéfinie, dans lequel le capteur de champ magné-
tique est échantillonné a une fréquence de 2,5 kHz
ou plus.

Dispositif de commande de moteur (120) pour un
moteur (200) d’un dispositif de propulsion de pro-
jectile électrique comprenant un microcontréleur
(210) muni d’'une mémoire (212) et un capteur de
position de gachette (121) connecté au microcontro-
leur caractérisé en ce que le capteur de position de
gachette (121) est un capteur de champ magnétique
multiaxial ayant au moins deux axes non paralléles,
et le microcontréleur (210) est congu pour réaliser le
procédé tel que défini selon 'une quelconque des
revendications 1 a 5.

Dispositif de commande de moteur (120) selon la
revendication 6 comprenant une interface utilisateur
connectée au microcontrdleur (210).

Dispositif de commande de moteur (120) selon la
revendication 7 dans lequel I'interface utilisateur est
un module de communication (213) connecté au
microcontréleur (210).

Dispositif de commande de moteur (120) selon la
revendication 8 dans lequel le module de communi-
cation (213) est un émetteur-récepteur fonctionnant
selon la norme Bluetooth basse consommation.

Dispositif de commande de moteur (120) selon 'une
quelconque des revendications 6 a 9 dans lequel le
capteur de champ magnétique (121) estconnecté au
microcontréleur via un bus numérique congu pour
transférer les échantillons avec une fréquence de
2,5 kHz ou plus.

Dispositif de commande de moteur (120) selon la
revendication 10 caractérisé en ce que le capteur
de champ magnétique (121) est connecté au micro-
contréleur via un convertisseur analogique-numé-
rique dédié.

Dispositif de propulsion de projectile électrique muni
d’'un moteur (200), d’une gachette (130) pour le
démarrage du moteur et d'un dispositif de
commande (120) pour le moteur comprenant un
capteur de position de gachette (121) congu pour
démarrer le moteur (200) lorsqu’une condition de
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déplacement de gachette (130) prédéfinie est satis-
faite caractérisé en ce que le dispositif de
commande (120) du moteur est un dispositif de
commande de moteur selon la revendication 6 et il
comprend en outre un élément magnétique (132)
couplé a la gachette (130).

Dispositif de propulsion de projectile électrique selon
la revendication 12 caractérisé en ce que le dis-
positif de commande (120) est réalisé sur une carte
de circuit imprimé agencée sensiblement paralléle-
ment au plan d’'un mouvement de la gachette.

Dispositif de propulsion de projectile électrique selon
la revendication 12 ou 13 caractérisé en ce que la
gachette (130) est montée de maniére rotative surun
arbre (131), alors que I'élément magnétique (132) et
le capteur de champ magnétique (121) du dispositif
de commande (120) sont agencés de sorte que la
trajectoire de I'élément magnétique pendant un ap-
pui sur la gachette comprenne, dans sa phase ini-
tiale, un segment passant le long d’un arc centré au
niveau du capteur de champ magnétique (121).

Produit programme d’ordinateur comprenant des
instructions pour le microcontréleur du dispositif
de commande de moteur du dispositif de propulsion
de projectile électrique selon 'une quelconque des
revendications 12 a 14, caractérisé en ce que les
instructions exécutées par le microcontréleur du
dispositif de commande de moteur amenent le pro-
cédé selon I'une quelconque des revendications 1 a
5 a étre réalisé.
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