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frame of the arrow catch (1), and the detectors (22) or
distance meters (30) used for determining the position
of arrows (2) in the target (6) are mounted on the posi-
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ing the position of the movement along the straight
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Scoring system for archery

The subject of the invention is a scoring system for archery, which 1s capable of
detecting the scores in an electronic manner, and it is suitable for evaluation and
displaying the obtained data.

One of the greatest unsolved problem in the archery as a sport is the quick evaluation of
scores, their summary and display. According to the present rules of the championship,
this is still performed manually with human intervention, which slows down the pace
and process of the competition significantly. '

According to the state of the art the KR 20110009865 patent application maker known a
~ system for simulation of archery shooting. The KR 20090077357, the US2009134581
and the US2011074112 patent documents make known technical solutions in
connection with the archery.

The KR 20110009865 patent application maker known a system for simulation of
archery shooting. The system measures the shooting force and the slope of a bow when
an arrow 1S shot, and simulates, in a threedimensional space, the trace of the arrow shot
by the bow. The system comprises: a measurement data receiving unit which receives
bow deformation data, bow slope data, or target point data; a shooting vector calculation
unit which calculates a shooting vector by calculating a shooting force 1n accordance
with the deformation data received at the measurement data receiving unit using the
correction table generated by matching the bow deformation data and shooting force
which is the size of a bowstring drawing force, and by calculating a shooting direction
using the bow slope data or target point data received at the measurement data receiving
unit; a shooting simulation unit which simulates, in a threedimensional virtual space, the
trace of the arrow shot by a take-down bow using the shooting vector calculated by the
shooting vector calculation unit; and an image generating unit which generates an image
of the three-dimensional virtual space including the trace of the arrow simulated by the
shooting simulation unit, such that the image is displayed on a screen. The system of the
present invention ensures the durability of a sensor, and measures the shooting force in
a more accurate manner to improve the accuracy of the simulation.

The KR 20090077357 patent document makes known a hit alarming apparatus of an
archery target plate, wich is provided to secure safety of a signalman informing hit of
the target plate in the archery game and to deliver whether target is hit properly or not.
A hit alarming apparatus of an archery target plate comprises a safe box and a flag
driving unit. The safety box consists of a glass window and a base and provides the
space which is safe from an arrow to a signalman. The flag driving part is embedded in
a flag driving box attached to one side of the ceiling inner wall of the safe box and is
meshed with the driven shaft by a driving motor or a manual handle and swivels a flag.
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The US 2009134581 patent document makes known an archery target and method of
making the same. The archery target configured to absorb an impact of an associated
arrow. The target having a stand having a top side and a bottom side and the bottom
side including a support structure for supporting the archery target on an associated
surface. The top side including a target rest shaped to receive a portion of an outer
perimeter of a cylindrical target portion in shaped engagement. The target portion
having a front side and a back side which extend between the outer perimeter and define
a target depth and including a central core extending between front and back sides of the
target. The core defining a target axis coaxial with the outer perimeter and the target
portion further including at least one general planar sheet having side edges defining a
sheet width that is generally equal to the target depth and a sheet surface between the
side edges.; The at least one sheet being wrapped about the core and the target axis and
the side edges at least partially forming the arrow receiving zone wherein a portion of
the sheet surface forms the outer perimeter.

The US 2011074112 patent document makes known a target positioning system. The
target positioning system with a rectangular flat table top member having downwardly
disposed side walls and three primary legs to support the table top member. Two
primary legs are hingedly attached to the left and right rear corners of the table top
member. One primary leg is hingedly attached under the center front portion of the table
top member. Each leg has a telescoping secondary leg member that is capable of being
affixed to the to the primary leg member to adjust the height of the primary leg member.
The table top member left and right side walls include slots for receiving a strap. The
strap can be adjusted in length to hold a standard archery target cube. The flat table top
member includes upwardly facing flange located at the rear edge of the table top to
prevent the target block from being thrust backward during target practice.

The FR2712079 patent document makes known a device for determining the position of
a group of projectiles, in particular arrows, on a target, intended for archery in
particular. It essentially comprises at least one electronic camera mounted in a support
frame surrounding a target, the optical axis of the lens of the camera being disposed
radially with respect to the normal axis of the target and intersecting it at a point located
in the immediate vicinity of the said target, the said camera being able to supply signals
representative of at least two images, taken at different angles, of a group of at least two
arrows sticking in the target, the said images being analyzed by electronic means which
make it possible to determine the exact position of the arrows on the target.

The WO 8705688 patent document makes known a dart scorer is provided with eight
recervers around a dartboard. A transmitter moves around the dartboard. As the
transmitter reaches a position at which it is aligned with a dart and the receiver on the
opposite side, a first imaginary line for the position of the dart is determined. Similarly,
when the transmitter reaches position it is aligned with dart and the receiver and a
second imaginary line for the position of the dart is determined. The actual location of
the dart may then be calculated from the intersection of these two imaginary lines. If
transmitters and receivers are provided for two or more planes, the angle of incidence of
the dart can be determined for use in calibrating its actual location in the darts board.
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The US 2005187036 patent document makes known an apparatus and method designed
for the detection, location and velocity of impacts for sports game feedback on player
accuracy. The methods, systems and apparatus for detecting sports object impact
location detection and object velocity are provided. furthermore integrated game
systems for simulating sports for use as player and coaching aids are also provided.

Various technical solutions have been developed additionally to these solutions in
relation to the archery, but no suitable solution is know for the accurate detection,
evaluation of the scores, including their electronic processing and accurate display. The
experimental systems used so far tried to detect the scores mostly with the help of
sensor 1nstalled in the board, but these sensors could survive only a couple of shots.

Only the competition final can be broadcasted presently, and this is rather troublesome
too.

According to our knowledge there is no operating system known presently, which could
be suitable for accurate detection and displaying of scores in archery. There have been
many attempts to establish such system, but all of them proved to be inadequate because
of the poor accuracy. Experiments were made in China, England, Turkey and in many
other countries, but no solution is know, which could be suitable for accurately
detecting and displaying the real results, which could be used in practice.

The objective of creating the solution according to the invention was to establish a
system, which is suitable for electronic detection and display of scores in archery,
including the accurate determination of the position of the arrow shot into the target, in
which the position is converted into electronic position data, and it displays, and in the
given case stores and forwards the data.

When creating the solution according to the invention it was recognised that if the
impact point of the target is determined with detectors moving in x-y directions, and the
coordinates of the points are calculated from the determined position, and then these
values are summarized with a data processing system, preferably with computer, and are

displayed on a suitable unit, monitor or projector, then the set out objective can be
reached.

The 1nvention is a scoring system for archery, which is suitable in archery for detecting
the scores in an electronic manner, including the evaluation and displaying of data
obtained, and the system contains arrow catch, which is provided with detector unit that
detects the impact of arrow and determines its position, and also contains a processing
and evaluating unit which is in wired or in wireless connection, and a display unit. It is
characterised by that, the detecting unit is established as the frame or in the frame of the
arrow catch, and the detectors or distance meters used for determining the position of
arrows 1In the target are mounted on the position detecting carriages that move in X-Y
directions, the driving of which is made by one of the known methods along the X-Y
coordinates linearly along respective straight lines, and preferably a step counter,
encoder 18 used for accurately determining the position of the movement along the
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straight line, which gives the position on the basis of pulses counted in proportion to the
movement.

In one preferred embodiement of the system according to invention a number of arrow
catches are used, together with a number of associated detecting units, as well as one or
more display units belonging to the detecting units are used.

In another preferred embodiement of the system according to invention the driving of
position detecting carriages in X-Y direction is made by means of belt, rack and pinion
or spiral shaft, and the linear guidance 1s ensured by long groove, or rod, or rail.

In a further preferred embodiement of the system according to invention the driving of
position detecting carriages is made with common drive jointly with a single motor, or
independently of each other, separately with two motors.

In a further preferred embodiement of the system according to. invention the position
detection applied in the detecting unit takes place on the basis of reflection, and/or with
the principle of object reflection, and/or with distance measurement.

In a fturther preferred embodiement of the system according to invention the
determination of the lateral position is made with the magnetic physical principle, or
with stepping motor.

In a further preferred embodiement of the system according to invention the position
data of one or more arrows already in the target are considered during the operation of
the system as earlier local data for detecting a new position, and the detection and
scanning of the new position takes place upon the impact of the new arrow.

In a further preferred embodiement of the system according to invention the mechanical
and sound wave generated by the impact of the arrow in the arrow catch is detected by

the sound and/or vibration detector, and the signal of this sound and/or vibration
detector 1nitiates the new position scanning.

In a turther preferred embodiement of the system according to invention the detecting
unit of the system is combined with position finding process based on the detection of
sound and/or vibration, for which purpose sound and/or vibration detectors are installed
at a number of points of the detecting unit, which provide additional information about
the area where the last arrow has impacted the arrow catch, where preferably four sound
and/or vibration detectors are used, and from the signal provided by them the time is
determined that has elapsed from the impact until the sound or vibration reaches the
sound and/or vibration detectors, and then distance data are calculated by means of
triangulation method considering the known size of the target, which determine and
improve the accuracy of the position of the last shot after comparing them to the data
obtained with optical scanning.
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In a further preferred embodiement of the system according to invention the time
periods elapsed from the impact until the sound wave or vibration reaches the various
sound and/or vibration detectors are used from among the signals obtained by the sound
and/or vibration detectors about the sound and/or mechanical wave caused by the
impact of the arrow, for improving the accuracy of determining the position, preterably
the position of the arrows being in the covered zone.

In a further preferred embodiement of the system according to invention the sound
and/or vibration detectors are installed in the detecting unit in symmetric or asymmetric
way at the various points of the detecting unit.

In a further preferred embodiement of the system according to mvention the process ot
positioning the target, evaluation of scores, determination of position and display are
made as follows:

- 1n the first step the equipment of the system are switched on, put into operation, then
the target 1s placed on the arrow catches, '

- then target is centred, during the process of which the location and centre of the target
18 determined relative to the arrow catch, and this points gives the reference point that
corresponds to a given physical point of the target detected and scanned electronically,
in the given case to the centre of target, -

- the centre of the target is marked during the centering process with a spike by pushing
the spike in the middle of the target, or by pointing an arrow to the centre of the target,
and then a reading process is initiated with the pushbutton located on the detecting unit,
during which process this position 1s memorized by the system as a reference position,
and this information is send by the detecting unit to the processing and evaluating unit
as basic data,

- 1n the next step the type of the target is selected on the processing and evaluating unit
in order to determine the tape of target to which the shooting will be made,

- this 1s followed by the shootings, the data evaluation and the displaying.

In a further preferred embodiement of the system according to invention the detecting
head 1s mounted on the position detecting carriage contains a detector or distance meter,
which 1s moved in one direction, and various methods are used for determining the
distance, for instance infrared detector, laser or sound radar.

In a further preferred embodiement of the system according to invention the detecting
head contains one or more, or in the given case three detectors or distance meters on the
position detecting carriage, moved in one direction, and the two or more detectors are
shifted relative to one another, therefore, they provide different signals about the
inclined position of the arrow that has impacted in the arrow catch, which are converted
to distance to determined the location of impact more accurately.

In a further preferred embodiement of the system according to invention the sound
and/or vibration detector is used in the detecting unit for detecting the impact, which is
in direct fixed connection or in indirect mechanical connection with the target catch.
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The solution according to the invention is furthermore set forth by the attached figures:
Fig. 1 shows the general layout of the application of the system according to the
Invention.

Fig. 2 shows the general block diagram of the structure of the system according to the
invention. ,

Fig. 3 shows the front view of the arrow catch, which is provided with detecting unit, in
one of the cases determination of the position of the arrow, when the object reflection or
mirror reflection position detection is used.

Fig. 4 shows the side view of the arrow catch, which is provided with the detecting unit
according to Fig. 3. |

Fig. 5 show the front view of the arrow catch, which is provided with detecting unit, in
another case of the possible methods of position finding, when the position detection 1s
made with the measurement of distance.

Fig. 6 shows the front view of a possible actual embodiment of the arrow catch
established with detecting unit, together with a possible embodiment of the movement
In X-y direction.

Fig. 7 shows the general flow chart of the system operation.

Fig. 8 shows the flow chart of the process of determining the position with belt-rod
method in case of a possible actual application.

Fig. 9 shows a possible mode of determining the position of arrows in the covered zone.
Fig. 10 show the theoretical layout of the position finding configuration combined with
sound and/or vibration detection, with sound and/or vibration detectors placed
symmetrically at the corners of detecting unit.

Fig. 11 shows the theoretical layout of positing finding method combined with
generation of sound or vibration, where the vibration generators are installed in the
detecting unit in an asymmetrical way.

Fig. 12 shows the embodiement of an optical detector with one head, as well as the error
range of determining the inclination of the arrow.

Fig. 13 shows the embodiement of the optical detector with two heads, together with the
mode of determining the inclination angle of the arrow.

Fig. 14 shows the embodiement of the optical detector with three heads.

Fig. 1 shows the general layout of the application of the system according to the
invention. The figure shows the shooting position 8, arrow catch 1, detecting unit 3,
processing and evaluating unit 4 and the display unit 5. The archer 7 aims and shoots
the arrow 2 to the target 6, which is placed on the arrow catch 1, which is provided with
the detecting unit 3 according to the invention. The figure shows the processing and
evaluating unit 4, which is a computer in this case, as well as the display unit 5, which is
a computer monitor in this case. The detection system attached to the arrow catch 1 is in
connection with the processing and evaluating unit 4 through wired connection 29 or via
antennas 9 without wires, in this case in RF link. In this case it is a radio link
established with GSM, WIFI, or Bluetooth, or any simple radio link which is capable of
simple data transmission. ‘

After the archer 7 has shot the arrow 2 and the arrow 2 hits the arrow catch 1, a sound
and/or vibration detector 27 in the detector unit 3 detects this hit. A process of reading



CA 02841044 2014-01-06
WO 2013/005064 PCT/HU2012/000044

7
starts at this moment, during which the position of the arrow 2 is determined in the
arrow catch 1 relative to the target 6. The obtained data is transmitted by the detecting
unit 3 to the processing and evaluating unit 4, where they are evaluated, and the
generated data are displayed on the display unit 5. In the given case, the score 1s
indicated in a virtual target 6 shown on the display unit 5. The same process is repeated
after every shot arrow 2 until the predetermined number of shots is reached. The

distance between the target 6 and the archer 7 is much larger than the distance shown in
Fig. 1. The distance of target L can be 10-90 m depending on the rules of competition.

Fig. 2 shows the general block diagram of the structure of the system according to the
invention. The block diagram of a complete system can be seen in Fig. 2, where a
detecting unit 3, assembled with a number of arrow catches 1, a central processing and
evaluating unit 4, and in the given case, one or more display units 5 are applied. During
a competition, or when a broadcast is made about the competition, it is possible that the
score data of the separate detecting unit 3 appear on the display unit 5 simultaneously,
and 1t is also possible that the score data of more arrow catches 1 and the detecting unit
3 appear on the display unit 5 alternately. The arrow catches 1 and the detecting units 3
are connected with wired connetion 29 to the processing and evaluating unit 4, or they
are preferably linked with wireless RF connection through antennas 9 because of the
distance. The data memory 10 connected to it, and the Internet link 11 allows storing the
obtained data, and sending the data online to a distant location. A number of similar
systems can be interconnected with the help of this, therefore, it is possible to held and
watch competitions simultaneously at different locations of the world.

Fig. 3 shows the front view of the arrow catch 1, which is provided with detecting unit,
in one of the cases determination of the position of the arrow 2, when the object
reflection or mirror reflection position detection is used. In the Fig 3 are shown the front
view of the arrow catch 1 and the detecting unit 3 1s shown with the target 6. The figure
indicates the movement direction of position detecting carriages 13, 14. As can be seen
In the figure, detectors 22 mounted on the position detecting carriages 13, 14, working
with the principle of object reflection or mirror reflection in the given case, are moved
on the side of the unit in vertical and horizontal X-Y directions, which determine the
accurate x-y coordinates of the arrow 2 shot into the arrow catch 1 during their
movement. The figure shows the covered zone 16 in Y direction and the covered zone
17 in X direction. The figure shows the location of point 18 Y 0, point 20 X 0, as well
as the location of maximum position 19 Y and maximum position 21 X.

Fig. 4 shows the side view of the arrow catch 1, which is provided with the detecting
unit 3 according to Fig. 3. The side view of the arrow catch and detecting unit 3
according to Fig. 3 can bee seen in Fig. 4, together with the target 6 the arrow 2 and the
position detecting carriages 13, 14. The movement direction of position detecting
carriage 14 is indicated in the figure.

Fig. 5 show the front view of the arrow catch, which is provided with detecting unit, in
another case of the possible methods of position finding, when the position detection is
made with the measurement of distance. The movement directions of position detecting
carriages 13, 14 are indicated in the figure. As can be seen in the figure, detectors
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mounted on the position detecting carriages 13, 14, working with the principle of
distance measurement, in this case with distance measurement lasers 30, are moved
along the side of the unit in vertical and horizontal X-Y directions, which determine the
accurate x-y coordinates of the arrow 2 shot into the arrow catch 1 during their
movement with distance measuring position detection. The figure shows the covered
zone 16 in Y direction and the covered zone 17 in X direction. The figure shows the
location of point 18 Y 0, point 20 X 0, as well as the location of maximum position 19
Y and maximum position 21 X.

The position of the arrow 2 is determined with distance measuring position detection in
this case, where the distance meter 30 is preferably a laser, or distance measuring sound
radar. Relative to the arrangement shown in Fig. 3 and 4 this solution provides
additional information enough to be able to measure the position of arrow 2 even when
it 1s covered in one direction. An arrow 2 is said to be covered, if the given arrow 2 is
covered by one or more arrows 2 in a coordinate direction. As a result, the distance
cannot be determined in that direction with measurement working with the principle of
reflection.

The arrangement shown in Fig. 5 provides the following data for the accurate
determination of the position: The Y coordinate is given by the difference of distances
SY1 and SY2 1n case of the carriage moving in x direction, while the X coordinate is
given by the difference of distances SX1 and SX2. These data are available even when
the arrow 2 is covered, therefore, the position of arrow 2 in the target 6 can be
determined accurately.

Possible modes of position detection and movement that can be used with the principal
arrangements shown in Fig. 3, 4 and 5:

- Based on reflection (Fig. 3 and 4): detecting the interruption of light beam coming
from the retlecting or mirror surface at the opposite side, and determining the x-y
coordinate from this accurately.

- Based on reflection from an object (Fig. 3 and 4): The object reflection transducer
gives a signal, when the light beam is reflected from an object, in this case from an
arrow 2. In case of this method, it is not necessary to establish reflecting surface at the
side of arrow catch 1 opposite to the detector 22.

- With distance measurement (Fig. 5): the distance is measured with the help of optical,
ultrasound or radio-frequency beam directed to the opposite side, and the distance meter
30 gives a differential signal in proportion to the given distance difference, when the
position of arrow 2 is detected where the arrow. 2 is in the path of the detecting beam.
The accurate position of the arrow 2 can be determined from this.

The linear driving of the position detecting carriages 13, 14 holding the detectors 22 or
the distance meter 30 along a straight line is possible with all the known driving
methods, in this case with belt drive, or rack and pinion, spiral shaft, etc. The guidance
1s provided by a long groove or a bar. The accurate position of the movement along a
straight line can be determined preferably with a step counter 15, encoder, which
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determines the position on the basis of the pulses counted in proportion to the distance.
The accuracy of the position depends on the resolution of the step counter 15, encoder,
therefore, on the number of steps used along the given distance. Considering the typical
sizes of arrows 2 and targets 6, a well valuable position is given by a resolution
produced with about 30000 - 150000 units within 1 m, which corresponds to an
accuracy of 0.07 mm approximately. The distance between the reference point O and the
lateral maximum position must be know accurately for determining the position of the
arrow 2.

The determination of the x-y lateral position can also be made with the help of magnetic
physical principle, when a coils emits a signal in proportion to the lateral movement, in
which a magnetic bar induces a voltage. In this case this solution is more expensive than
the simpler step counter 15, encoder. The determination of position and the movement
of the detector can also be made with a mechanism driven by stepping motors 23,
during which process the number of steps unambiguously determine the position. The
position detecting carriages 13, 14 can be moved independently, with two motors 23
separately, or with common drive gear using a single motor 23.

Fig. 6 shows the front view of a possible actual embodiment of the arrow catch
established with detecting unit, together with a possible embodiment of the movement
in x-y direction. In this case, the detecting unit 3 is established as a frame around the
arrow catch 1. In this case, the position detecting carriages 13, 14 are driven by a motor
23 and with linear movement 24, with belt drive in the given case. Each position
detecting carriage 13, 14 is moved along a linear guide 25, which is preferably a long
groove, linear guiding rod or rail. The movement 24 with belt drive is ensured by
wheels 26. In this case, the position detection takes place with detectors 22 working
with optical reflection principle, where optical reflection surfaces, preferably light
reflecting elements 28, in the given case for example mirrors or prisms opposite to the
detecting place of the position detecting carriages 13, 14, which reflect the laser beam to
the detectors 22. The reflected light is interrupted where the arrow 2 hit the arrow catch
1, and 1ts XY position is handled by the system as local position data. The detector 22 is
preferably an electrical assembly, containing a device capable of emitting laser beam,
e.g. laser diode, and a receiving device capable of detecting the laser beam, e.g. a
photodiode, which in this case is capable of emitting and detecting modulated laser
beam for detecting the position.

In the case shown in Fig. 6, when one or more arrows 2 are already in the arrow catch 1,
then their position data are considered as earlier local data when evaluating the new
position. The evaluation, scanning of the position of arrow 2 takes place, when the new
arrow 2 1mpacts. Upon 1mpacting in the arrow catch 1, the arrow 2 creates sound and
mechanical waves 1n the arrow catch 1, that are detected by a sound and/or vibration
detector 27. The signal of this sound and/or vibration detector 27 initiates the scanning
of new position. The mode of this scanning is shown in detail in Fig. 10 and 11.

Fig. 7 shows the general flow chart of the system operation. During the process are
proceeded the positioning of target 6, evaluation of the shot, determining and displaying
the position.
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In the first step, the equipment of the system are switched on, put into operation. Then
the target 6 is mounted on the arrow catches 1. This is made with known methods, in the
given case with sticking, or with spikes designed for fastening the target 6. Because of
their sizes, these items do not disturb the position finding process. The centering of the
target 6 takes place subsequently, during which the location of the target 6 and its centre
18 determined relative to the arrow catch 1, and this point means the reference point, so
that the electronically detected and scanned position corresponds to a given physical
point of the target 6, in the given case to the centre of the target 6. It is important to
note, that this centering operation necessary only for the circular targets 6, in case of
~ other targets (e.g. animal shaped ones), only centred (e.g. perforated) targets may be
used, which can be placed only at a given position relative to the detecting unit 3.

Process of centering: the centre of the target 6 1s market with the centering spike, so that
the spike is pushed in the centre, or by pointing an arrow to the centre of the target 6,
and then a reading process is initiated with the centering pushbutton on the detecting
unit 3, during which this position is memorized by the system as a reference point, and

this basic information is sent by the detecting unit 3 to the processing and evaluating
unit 4.

The next step includes the selection of type of target 6 on the processing and evaluating
unit 4, 1.e. the size and type of target 6 to which the shot is made. The centering
operation and the selection of type of target 6 can be interchanged in the given case, the
main requirement is that it should be done for sure before the shooting. Then shooting
take place together with the data evaluation and displaying.

Fig. 8 shows the flow chart of the process of determining the position with belt-rod
method in case of a possible actual application.

The first step i1s the shooting, as a result of which the impact of arrow 2 generates
vibration and/or sound effect. Then the bi-directional position finding is initiated
according to the principle and mode described above. In the basic case of this process,
the motor 23 stands at position 0, from where the scanning is started in X and Y
direction. During scanning, the positions of the changes, occurring when the detection is
made, are memorized by the system, then the final position is reached, which is the end
of the reading process. Then the scanning returns to the basis position. The changes
occurring at the detection is summarized by the detecting unit 3, which sends them as
coordinate data to the processing and evaluating unit 4. |

In the given case this is accompanied by the position finding by means of optical
scanning based on vibration or sound, which helps in determining the position of arrows
2 1n the covered zone.

While the data are summarized subsequently, the detector 22 sends the coordinate and
time data to the processing and evaluating unit 4, where the data are stored, evaluated,
and the positions of arrows 2 are determined and displayed.
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Fig. 9 shows a possible mode of determining the position of arrows in the covered zone.
- Let us call the first shot as basic shot BS. This basic shot BS is always visible in the
board, because this is the first shot and the arrow 2 cannot be in covered zone, therefore,
the optical scanning gives entirely accurate data. The propagation of sound or vibration
takes place in circular shape in central direction after the shot. When the sound reaches
the detector 22, a time measurement is started, and the time coordinates are given when
the sound or the vibration reaches the first, second, third detector 22. These time data
can be converted to distance data on the basis of the velocity of sound. Based on the
temperature, the velocity of sound, as well as the propagation rate of the vibration can
be determined very accurately, and the distances obtained this way can be determined
with an accuracy of several tenths of a mm. These distance data refer to the basic shot
BS. As its accurate position in the board is known, therefore it is easy to determine that
location as a reference point.

The locations of the subsequent shots are determined in the board relative to this
reference point. If any of the subsequent shots are in the covered zone, meaning that it is
not clearly visible for the optical detector, then its position can still be determined from
the data obtained by detecting the vibration or sound originating from the impact, and
its position can be further corrected and improved in an optical way. The time
coordinates are forwarded by the detector to the processor, where these are converted to
- distance data, and are assigned to the given shots, and are displayed.

Fig. 10 show the theoretical layout of the position finding configuration combined with
sound and/or vibration detection, with sound and/or vibration detectors 27 placed
symmetrically at the corners of detecting unit 3. The position of arrow 2 of the first
basic shooting BS is indicated in the figure, together with the position of arrow 2 shot
subsequently. Sound and/or vibration detectors 27 are attached to it in the detector
housing 12 at a number of points of the detecting unit 3, in this case at the four corners
of the detector 3, which provides further information about the area where the last arrow
2 has hit the arrow catch 1.

Preterably, four such sound and/or vibration detectors 27 can be used, and from the
signals provided by them, the time periods to, t, t, t3 elapsed from the impact until the
sound wave SW or vibration reaches the sound and/or vibration detectors 27 can be
determined. It is possible to calculate distance data r with triangulation method on the
basis of the known size of the target 6, which determine the position of the last impact
In comparison with the data obtained from the optical scanning. Also, these could be
regarded as auxiliary information, if the optical scanning does not give unambiguous or
sufficient information for determining the position of arrow 2.

There 1s a chance, when the sound and/or vibration detectors 27 are installed in
symmetrical array, that the position of the arrow 2 impacting subsequently the middle of
target 6 cannot be determined with sufficient accuracy, if several arrows 2 are already
shot into the arrow catch 1, because the time difference of the vibrations coming to the
sound and/or vibration detectors 27 is very small, therefore, they do not give sufficient
additional information.
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Fig. 11 shows the theoretical layout of positing finding method combined with
generation of sound or vibration, where the vibration generators are installed in the
detecting unit in an asymmetrical way. As compared to the arrangement shown in Fig.
10, there are more sound and/or vibration detectors 27 installed in the detecting unit 3 in
an asymmetrical way relative to one another. The advantage of this arrangement is that
the vibration reaches the various sound and/or vibration detectors 27 always at different
to, t1, 2, t3, t4, t5 time intervals, and it is assured therefore that the signals of some of the
sound and/or vibration detectors 27 can be processed always. As can be seen in the
figure, the time intervals t2 and t5 are very short, but three well measurable time
internals, for example t1, t3, t4 in this case are still available related to the starting time
t0 of the measurements for determining the position of arrow 2, thanks to the newly
installed sound and/or vibration detectors 27. In this way, the position of arrow 2 can be
determined with sufficient accuracy. The accuracy could be improved by increasing the
number of sound and/or vibration detectors 27.

Fig. 12 shows the embodiement of an optical detector with one head, as well as the error
range of determining the inclination of the arrow. The method shown in the figure 1s
one of the modes of scanning the position. This arrangement in this case contains a
detector 22 mounted on a position detecting carriage 13, 14 which is moved in one
direction, working with optical principle of operation mentioned above, or with some
other principle of operation. The detector 22 is moved along the linear guide 25 by the
position detecting carriage 13, 14, in this case along a long groove or rod, or on a motor
rail.

The drawback of using a single detector 22 or distance meter 30 is that only one
detecting line SL exists, therefore, the determination of the position of inclined arrows 2
1S not accurate enough. The error distance K, caused by the inclination angle of arrow 2,
1s indicated in the figure, which influences the accuracy of determining the position.
The arrangement shown in Fig. 12 can also be used, when a distance metering device, in
this case a distance meter 30 laser is mounted on the position detecting carriages 13, 14,
instead of the detectors 22 working with reflection or object reflection principle.

Fig. 13 shows the embodiement of the optical detector with two heads, together with the
mode of determining the inclination angle of the arrow. With the use of triangulation
method, this configuration allows the accurate determination of the impact point of an
inclined arrow 2. Two detectors 22 are mounted on the position detecting carriage 13,
14 shifted relative to each other, so they provide different optical signals about the
inclined position, which can be converted to distance data to calculate the point of
impact. The distance a,b of the detecting lines SL are known relative to the arrow catch
1, and distance c 1s obtained from the difference of the detecting position. In this way,
the error distance K can be reduced, and the position data can be made more accurate.

The arrangement shown in Fig. 13 can also be used, when a distance metering device, in
this case a distance metering 30 laser is mounted on the position detecting carriages 13,
14, instead of the detectors 22 working with reflection or object reflection principle.
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Fig. 14 shows the embodiement of the optical detector with three heads. In this case the
detectors 22 in the three heads are shifted relative to one another, which makes the
determination of the position even more accurate. The arrangement shown in Fig. 14
can also be used, when a distance metering device is mounted on the position detecting
carriages 13, 14, in this case a distance metering 30 laser is used instead of the detectors
22 working with reflection or object reflection principle.

The configuration of the solution according to the invention in case of a preferred
embodiment is as follows:

- Detecting target (fto which the shot is made).

- Display: processing and displaying unit, in the given case a computer, monitor or
special purpose-made computer.

In the case of a preferred actual embodiment the detecting unit 3 is established as the
frame or 1n the frame of the arrow catch 1, and the detectors 22 or distance meters 30
used for determining the position of arrows 2 are moved linearly along a straight line
with one of the known methods along the X-Y coordinates, in the given case with belt
or rack and pinion, spiral shaft, etc. The guidance is ensured by a long groove, or rod or
rall. Preferably, a step counter (encoder) 15 is used for accurately determining the
position of the movement along the straight line, which gives the position on the basis
of pulses counted in proportion to the movement.

The detectors 22 or distance meters 30 are mounted on the position detecting carriages
13, 14, the driving of which can be made separately with two motors 23, or with
common drive with one motor 23. The position detection applied in the detector 3 could
work with the principle of reflection and/or object reflection and/or with distance
measurement. The lateral position can be determined with magnetic physical principle,
or on the basis of steps when stepping motor 23 is applied. The method used for
measuring the distance could be for example infrared detector, laser, sound radar.

The detector head contains one or two or more, in the given case three detectors 22 or
distance meters 30, which are moved in one direction. The two or more detectors 22 or
distance meters 30 are shifted relative to one another, therefore, the various signals are
given about the inclined alignment of the arrow that has hit the arrow catch 1, which can
be converted to distance for calculating the location of the hit accurately. For detecting
the hit, the detector 3 contains acoustic and/or mechanical sound and/or vibration

detector 27, which are in direct fixed contact or in indirect mechanical contact with the
arrow catch 1.

Possible concrete applications:
A number of different versions can be produced according to the application.

Version I: One to one - Home version
This contains a target detector and a display, which shows the result of a shot to the
archer. This version could be used by one or more people consecutively.
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The related requirements are as follows:

- Can be used with target sizes 80-130 cm
- Handling of 10 arrows

- Reading speed of 3 sec

- Accuracy of 0.5 mm

- Online display

- Works with own software only

- To notebook, PC

- Animal shaped targets may also be used

- Online software updating via the Internet.

This could be the best selling system for home use by anyone.
Capabilities: analysis of dispersion, calibrating shot, preparing improvement or
declining characteristic curves, 0.5 mm accuracy, etc.

Version II: More to one - Competition version

This 1s capable of displaying the result of more targets, processed on a single display.
The competitors shot simultaneously, and their results, together with the actual ranking,
1s shown continuously on the displays.

The related requirements are as follows:

- Shall be able to handle 10 arrows

- Reading speed of 1 sec

- Accuracy of 0.2 mm

- Spatial detection

- Online database

- Online display

- Different kind of output interface

- Own giant display

- Capability of connecting it to various displays
- Programmable interface (to other displays)
- Can be used only with circular targets

Version III: more to more (e.g. shooting range version)

This 1s the version that has the widest range of capabilities, particularly for use by
professional and Olympic tournaments. It’s capabilities: Evaluation and processing of
the hits in real time with 0,2 mm accuracy.

Embodiement:

- a number of targets, can be connected with a number of displays

- the result of others can also be seen on the own display, together with the actual
ranking, etc. ,

- water proof design

The related requirements are as follows:
- Handling of 10 pieces arrows
- Reading speed of 3 sec
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- Accuracy of 0.2 mm

- Online display

- Works with own software only

- To notebook, PC

Modules designed for shooting-range version

- Retracting system (a machine that brings in the arrow after is has been shot, and goes
to the given distance upon pressing a pushbutton) '

- Stationary display unit with touch-screen

- Check-1n gate

Planned accessories to the score displays:

- Target (with identification mark)

- Distance meter unit

- When placed in front of the boards, it measures the distance of the archer from the
board. This module makes the system full.

- Excludes the possibility of cheating,

- Special arrow catches, with identification mark

- Camera module, display of live image

- Reflecting module, 1lluminating system.

The advantage of the system according to the invention is that it determined the location
of the arrow with high accuracy with optical method without mechanical contact, and it
also displays the locations. Sound and/or vibration detecting is used in the system for
making the determination of the position more accurate.

With the system according to the invention, it is possible to displayed the score quickly,
even within 1 sec, and the score reached by the archer can be shown at the score
display. As a result, it is possible to evaluate the actual ranking of the arched in the
competition after each shot.

The system according to the invention can also be used conveniently for TV
broadcasting of archery competition, because it shows the scores immediately, and
makes the scores visible to a wide range of viewers.
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List of references:

1 - arrow catch

2 - arrow

3 - detecting unit

4 - processing and evaluating unit
S5 - display unit '

6 - target

7 - archer

8 - shooting stand

9 - antenna

10 - data storage

11 - Internet

12 - detector housing

13 - position detecting carriage (y)
14 - position detecting carriage (Xx)
15 - step counter, encoder

16 - covered zone (y)

17 - covered zone (Xx)

18 - Y O point

19 - Y maximum position

20 - X 0 point

21 - X maximum position

22 - detectors (optical)

23 - motor (drive of carriage)

24 - drive (linear)

25 - guide (linear)

26 - wheel

2’7 - sound and/or vibration detector
28 - light reflecting element

29 - wired connection

30 - distance meter

to - time period

t1 - time period
t2 - time period

t3 - time period

h - distance

SW - sound wave
BS - basic shot

r — distance

SL - detecting line
K - error distance
a - distance

b - distance

c - distance

L - target distance

16

t4 - time period
tS - time period

SX1 - distance
SX2 - distance
SY1 - distance
SY?2 - distance

PCT/HU2012/000044
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CLAIMS:

1. Scoring system for archery, which is suitable in archery for detecting the scores in an
electronic manner, including the evaluation and displaying of data obtained, and the
system contains arrow catch (1), which is provided with detector unit (3) that detects the
impact of arrow (2) and determines its position, and also contains a processing and
evaluating unit (4) which is in wired or in wireless connection, and a display unit (5),

characterised by that,

the detecting unit (3) is established as the frame or in the frame of the arrow catch (1),
and the detectors (22) or distance meters (30) used for determining the position of
arrows (2) 1n the target (6) are mounted on the position detecting carriages (13, 14) that
move 1n X-Y directions, the driving of which is made by one of the known methods
along the X-Y coordinates linearly along respective straight lines, and preferably a step
counter, encoder (15) is used for accurately determining the position of the movement
along the straight line, which gives the position on the basis of pulses counted in
proportion to the movement.

2. System according to claim 1, characterised by that, a number of arrow catches (1) are
used, together with a number of associated detecting units (3), as well as one or more
display units (5) belonging to the detecting units (3) are used.

3. System according to claim 1 or 2, characterised by that, the driving of position
detecting carriages (13, 14) in X-Y direction is made by means of belt, rack and pinion
or spiral shaft, and the linear guidance (25) is ensured by long groove, or rod, or rail.

4. System according to any of the claims 1 - 3, characterised by that, the driving of
position detecting carriages (13, 14) is made with common drive jointly with a single
motor (23), or independently of each other, separately with two motors (23).

5. System according to any of the claims 1 - 4, characterised by that, the position
detection applied in the detecting unit (3) takes place on the basis of reflection, and/or
with the principle of object reflection, and/or with distance measurement.

6. System according to any of the claims 1 - 5, characterised by that, the determination

of the lateral position is made with the magnetic physical principle, or with stepping
motor (23).

7. System according to any of the claims 1 - 6, characterised by that, the position data of
one or more arrows (2) already in the target (1) are considered during the operation of
the system as earlier local data for detecting a new position, and the detection and
scanning of the new position takes place upon the impact of the new arrow (2).
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8. System according to any of the claims 1 - 7, characterised by that, the mechanical and
sound wave generated by the impact of the arrow (2) in the arrow catch (1) is detected
by the sound and/or vibration detector (27), and the signal of this sound and/or vibration
detector (27) initiates the new position scanning.

9. System according to any of the claims 1 - 8, characterised by that, the detecting unit
(3) of the system is combined with position finding process based on the detection of
sound and/or vibration, for which purpose sound and/or vibration detectors (27) are
installed at a number of points of the detecting unit (3), which provide additional
information about the area where the last arrow (2) has impacted the arrow catch (1),
where preferably four sound and/or vibration detectors (27) are used, and from the
signal provided by them the time is determined that has elapsed from the impact until
the sound or vibration reaches the sound and/or vibration detectors (27), and then
distance data are calculated by means of triangulation method considering the known
size of the target (6), which determine and improve the accuracy of the position of the
last shot after comparing them to the data obtained with optical scanning.

10. System according to the claim 9, characterised by that, the time periods (to, t3, t2, t3)
elapsed from the impact until the sound wave (SW) or vibration reaches the various
sound and/or vibration detectors (27) are used from among the signals obtained by the
sound and/or vibration detectors (27) about the sound and/or mechanical wave caused
by the impact of the arrow (2), for improving the accuracy of determining the position,
preferably the position of the arrows (2) being in the covered zone.

- 11. System according to claims 10, characterised by that, the sound and/or vibration
detectors (27) are installed in the detecting unit (3) in symmetric or asymmetric way at
the various points of the detecting unit (3). '

12. System according to any of the claims 1 - 11, characterised by that, the process of
positioning the target (6), evaluation of scores, determination of position and display are
made as follows:

- 1n the first step the equipment of the system are switched on, put into operation, then
the target (6) is placed on the arrow catches (1),

- then target (6) is centred, during the process of which the location and centre of the
target (6) is determined relative to the arrow catch (1), and this points gives the
reference point that corresponds to a given physical point of the target (6) detected and
scanned electronically, in the given case to the centre of target (6),

- the centre of the target (6) 1s marked during the centering process with a spike by
pushing the spike in the middle of the target, or by pointing an arrow (2) to the centre of
the target (6), and then a reading process is initiated with the pushbutton located on the
detecting unit (3), during which process this position is memorized by the system as a
reference position, and this information 1s send by the detecting unit (3) to the
processing and evaluating unit (4) as basic data,

- in the next step the type of the target (6) is selected on the processing and evaluating
unit (4) in order to determine the tape of target (6) to which the shooting will be made,

- this 1s followed by the shootings, the data evaluation and the displaying.
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13. System according to any of the claims 1 - 12, characterised by that, the detecting
head is mounted on the position detecting carriage (13, 14) contains a detector (22) or
distance meter (30), which is moved in one direction, and various methods are used for
determining the distance, for instance infrared detector, laser or sound radar.

14. System according to any of the claims 1 - 13, characterised by that, the detecting
head contains one or more, or in the given case three detectors (22) or distance meters
(30) on the position detecting carriage (13, 14), moved in one direction, and the two or
more detectors (22) are shifted relative to one another, therefore, they provide different
signals about the inclined position of the arrow (2) that has impacted in the arrow catch
(1), which are converted to distance to determined the location of impact more
accurately.

15. System according to any of the claims 1 - 14, characterised by that, the sound and/or
vibration detector (27) is used in the detecting unit (3) for detecting the impact, which is
in direct fixed connection or in indirect mechanical connection with the target catch (1).
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FIG 10
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FIG 11
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