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METHOD, SYSTEM AND COMPUTER
PROGRAM FOR AUTOMATIC REFEREEING

FIELD OF THE INVENTION

[0001] The present invention relates to an automatic arbi-
tration, or arbitration assistance, method, a system and a
computer program implemented by means of a network of
sensors that includes remote position sensors and by means
of at least one control device capable of analyzing the data
sequences obtained by said network of sensors, allowing the
data sequences to be grouped into data sets and assign them
to a game element, mobile or fixed, to which the data
sequences refer to, identified from said analysis. The analy-
sis of the data sets also allows the identification of game
events of each game element generating a temporary record
that can serve as arbitration assistance or that allows to
automatically detect sequences of game events identifying
game milestones.

[0002] In other words, the proposed system automatically
identifies and detects the position of the different game
elements present in the game field by means of remote
sensors to later detect the interactions between the different
game elements, for example the contact between two of
those game elements, thus detecting game events. In addi-
tion, the correlation of the different game events allows the
system to identify game milestones related to the rules of the
game, for example detecting in soccer an offside based on
the correlation of two different events corresponding to a
pass of the ball and the position between the attacker
receiving the pass and a defense.

[0003] These game milestones correspond to relevant
arbitration actions of a game or sport, so that its automatic
detection provides an arbitration assistance. It is also pro-
posed that when the system produces said detection, an
alarm signal warning of said detection is generated.

BACKGROUND OF THE INVENTION

[0004] Some methods, computer programs and automatic
arbitration assistance systems are known in the state of the
art.

[0005] Document US20150018990A1 captures images
through video cameras that it later analyzes by detecting
different objects and detecting different events related to said
objects, creating a statistic. However, said document does
not describe the detection of sequences of events that
determine a game milestone, whether the use of remote
position sensors that offer information of the three-dimen-
sional shape of the captured objects or information of their
position that allows detection of impact moments between
said elements with sufficient precision to determine whether
or not the detected events occur simultaneously or in a
specific order determining a game milestone.

[0006] Document WO2016157152 describes a system
that, by analyzing visual information obtained from cam-
eras, allows determination of the three-dimensional position
of a ball and players present in the game area, as well as
calculation of the trajectory of said ball by determining the
point of impact between the ball and the player, as well as
the point of impact of the ball on the game area. However,
said document does not anticipate the disaggregation of the
information captured by differentiating between the different
game elements present in the captured images, nor the
detection of milestones defined by a sequence of events, nor
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the use of precise position detection systems such as scan-
ning lasers, radars, or three-dimensional video sensors.

[0007] Document U.S. Pat. No. 7,796,162 describes the
use of video cameras, which optionally can also incorporate
a laser sensor, for the detection of the movement of game
elements, but in no case suggests the use of position sensors
that provide information indicative of the three-dimensional
shape of the analyzed game element, neither the detection of
game events nor game milestones composed of a certain
sequence of game events.

[0008] Document CN105536233 describes the installation
of laser emitters and cameras around a game area, however
it also requires the installation of sensors, emitters and laser
reflectors on a belt placed on players. The system described
does not propose the automatic detection of game events or
game milestones defined by sequences of game events.

[0009] Document ES2427489, from the same inventor,
describes the use of laser scanners to make a prediction of
a trajectory of the ball, and by means of video sensors
capturing images of the impact of said ball on the impact
area to allow a referee to determine whether the ball is inside
or outside of that line. However, said system does not
describe the automatic detection of a game milestone
defined by a sequence of game events, as it would be in this
case to determine when the ball has hit the ground and if the
ball is inside or outside of the line at said moment, together
with other possible previous events. Said document does not
anticipate disaggregation of the information obtained by the
sensors in different data groups, each one relating to a game
element to be analyzed, since only the analysis of the
trajectory of the ball is considered.

[0010] Document US2013066448 describes the incorpo-
ration of sensors in the game elements that allow their
identification or the detection of their position, movement,
etc. The data provided by these sensors allows performing
statistics, detecting actions of the game such as a goal, or
guidance of the cameras. However, in document
US2013066448 the inclusion of said sensors integrated in
the game elements is essential.

[0011] Document EP2150057 also describes the incorpo-
ration of sensors in the game elements but also mentions, in
a generic way, that the position of the game elements can be
obtained by means of triangulation techniques applied to the
analysis of the images. The system described in this docu-
ment EP2150057, however, cannot identify the game ele-
ments without the assistance of the integrated sensors, said
sensors being therefore essential.

[0012] Document US2003054905 also describes as essen-
tial the integration of sensors in the game elements to allow
their identification and the detection of their position and
movement, said sensors also being essential.

[0013] Document WO2017011811 describes a system in
which integrated sensors are incorporated into the game
elements for obtaining motion capture data of said game
element. It also mentions the possibility that said sensors
incorporate external visible marks for detection by cameras
that, by means of triangulation techniques, can determine
their position. However, in this document the identification
of game elements by means of data obtained from a distance
is not mentioned, therefore the use of the sensors integrated
in the game elements for their identification and for the
detection of their movement is essential in document
W02017011811.
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BRIEF DESCRIPTION OF THE INVENTION

[0014] The present invention relates to an automatic arbi-
tration method, a computer program that implements said
method, and may even concern a system in which to
implement said method. The aforementioned method, sys-
tem or program does not require the installation of sensors
or reflectors or emitters of any kind on the players present in
the game area, which could interfere with their of
movement or induce injuries.

[0015] The present invention allows analysis of the devel-
opment of a game or sport in a game field by automatically
detecting game events and relevant game milestones for the
development of said game produced in relation to game
elements.

[0016] Non-limiting examples of said game or sport may
be team sports such as soccer, American football, rugby,
basketball, baseball, cricket, hockey, volleyball, handball,
water polo, or one player sports against other players, such
as tennis, table tennis, paddle, racquetball, athletics, sports
such as racing, jumping, shot put, or sports with quality
evaluation in the precision of the development of routines,
such as rhythmic gymnastics, trampoline jumping, synchro-
nized swimming, rings, rods, vaulting-horse, etc. Even other
disciplines such as bowling, figure skating or ballroom
dancing may be susceptible of implementation of the present
method.

[0017] It will be understood that the aforementioned game
elements refer to those elements that intervene in the game.
Examples of said game elements may be, but not limited to,
a ball, a racket, a bat, a net, but also the players and the
different parts of their body, so a player’s foot, a hand, an
elbow, a head, the torso, etc. will be considered game
elements. Static elements can also be considered as game
elements, such as a mast for a goal, a rim of a basketball
hoop, etc. Preferably, data relating to at least two mobile
game elements will be analyzed.

[0018] The said game events detected by the present
invention refer to relevant acts that occur at a particular
moment during the development of the game, and which
may be indicative of a game milestone if they occur in
correspondence with other game events, either in simulta-
neity or later.

[0019] The examples of such game events can be very
varied, and depend largely on the game or sport analyzed,
however for the sake of clarity we proceed to list some
non-limiting examples of possible game events detected,
such as contact between a foot, a hand, a racket or a bat with
a ball, the contact between a foot and the ground, the relative
position between two game elements, such as between the
most advanced body part of two runners, or between an
attacker and a defense, or even the relative position between
two body parts of the same player, such as the aligned
position of a gymnast’s arms. The relative position between
game elements and limits of the game area can also be
considered game events.

[0020] A game milestone however will be determined by
a set of game events. Examples of game milestones will be
for example a valid goal, a null goal, a valid basket, a null
basket, a three-pointer, an offside, a penalty, an out-of-band,
a fault kick or a null penalty, etc. These game milestones will
or will not be determined based on a succession of detected
game events. For example, in the context of a soccer game,
an offside will require detecting the game event of the kick
of the ball by the midfielder and the detection of the game
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event of the advancement of the defense with respect to the
attacker, and the order of said two game events will deter-
mine the game milestone of the offside, a valid goal will be
detected when the game event of the entry of the ball into the
goal occurs and no previous game events that determine an
offside occur, penalty, out-of-band, etc. In basketball, a game
event will be the player’s jump with the ball in the hand
outside the three-point line, and another game event will be
the entrance of the ball inside the hoop, thus detecting a
three-pointer milestone.

[0021] Thus, the present invention concerns, according to
a first aspect, a method implemented by means of a system
that includes at least:

[0022] a network of sensors including remote position
sensors arranged around a game area and directed
towards game elements within said game area;

[0023] at least one control device equipped with a
memory and computing power for the analysis of the
information obtained from the network of sensor;

[0024] Said remote position sensors will be understood to
be sensors capable of remotely obtaining positional infor-
mation of a game element, from outside the game area.

[0025] Said at least one control device will be for example
a programmable logic controller, a computer, or the like,
said control device being able to be local or remote with
respect to said network of sensors, said at least one control
device receiving the data acquired by said network of
sensors through a data connection that can also be wireless.

[0026] The proposed method includes the following steps:
[0027] by means of said network of sensors:
[0028] a) acquire data relating to several game elements

simultaneously, said data including positional informa-

tion, time information, and information indicative of

the three-dimensional shape of the game elements;
[0029] and through an analysis of the acquired data
executed by the at least one control device through the
application of analysis algorithms:

[0030] b) analyze the data obtained from each indi-
vidual sensor by detecting the presence of data groups
relating to game elements and identifying the game
element to which said data groups correspond, by
placing said data groups in correspondence with the
same game element;

[0031] c¢) group in a temporal sequence all the data
groups provided by different sensors corresponding to
the same game element in temporal coordination;

[0032] d) detect game events of several game elements
in several temporal sequences of data groups by:
[0033] the detection of in position, shape,

speed and/or trajectory of the game elements in the
temporal sequences of data groups;

[0034] the detection of interferences or correlation
between different game elements in the temporal
sequences of data groups;

[0035] or a combination thereof,

[0036] e) detect game milestones by automatically
detecting sequences of game events, simultaneous or
consecutive, coinciding with sequences of game events
pre-stored in the memory corresponding to possible
game milestones, triggering a notification signal.

[0037] The sequences of pre-stored game events corre-
sponding to possible game milestones are the game struc-
tures encoded within the system in the form of sequences of
events with a certain temporal correlation with each other. In
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other words, a game structure is introduced and stored
within the system in the form of a sequence of events. When
the system detects those related events from the stored
mode, the existence of that particular milestone is deter-
mined.

[0038] For example, in the case of basketball, the rules of
the game indicate that it is forbidden to take more than two
steps without throwing the ball, which is known as travel-
ling. This game structure can be stored in the system in the
form of a sequence of events, for example:

[0039] EVENT 1: the ball is in contact with the hands of
a player

[0040] EVENT 2: first step of that player

[0041] EVENT 3: second step of that player

[0042] Ifthese events are detected in this order without the

ball leaving the player’s hands, the system determines that
there is a milestone corresponding to travelling. However, if
between event 2 and event 3 an additional event is detected
corresponding to the fact that the ball is no longer in contact
with the player’s hands, either due to a pass of the ball, a
kick, a bounce, etc., that sequence of events will not have
been fulfilled and therefore the system will determine that
the travelling milestone has not existed.

[0043] Thus, during step a) of the method, data relating to
the different game elements existing in the game area are
captured, preferably by obtaining data from each individual
game element simultaneously from at least several remote
position sensors placed in different positions around the
game area, thus allowing data of each game element to be
obtained from different angles simultaneously preventing a
game element from stopping to capture data from another
game element by hiding it from a remote position sensor.
[0044] Preferably data will be obtained from all existing
game elements in the game area.

[0045] During step b) the data obtained from each indi-
vidual sensor is analyzed and data groups related to a single
game element are identified from the data obtained from said
sensor. For example, a sensor can obtain simultaneous data
of several game elements, for example of several players
next to each other, or of several parts of the body of the same
player as his feet, knees and hands, or of a ball and a foot,
etc., the analysis of step b) makes it possible to discern
among all the data obtained by said individual sensor the
data groups that refer to each of said different game ele-
ments, and allows identification of which game element they
refer to. That is to say that step b) makes it possible to
isolate, from all the data obtained, those data constituting of
a data group obtained for a single game element, and also
allows identification of which game element they corre-
spond to, for example, identifying whether they are a data
group relating to a ball, a bat, a racket, a foot of a defense,
etc.

[0046] By way of example, during said step b) two scan-
ning lasers and two cameras each obtain data of the different
game elements relating to two players and one ball, i.e. four
feet, four hands, two torsos, two heads, and the aforemen-
tioned ball, from different points. During step b) said game
elements are detected and identified and the data groups of
each game element obtained by each of the sensors are
isolated, that is to say, what data obtained is referred to the
right foot of the first player, what data refers to the ball, etc.
[0047] Said detection and identification can be done for
example by means of a detection of the shape of said game
elements by means of an analysis of the positional data of a
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mesh of points of each game element, which provides
information of the three-dimensional shape thereof, said
detected shape can be compared with a pre-stored record, i.e.
for example it can be detected that a spherical element is the
ball. Alternatively, said identification can be obtained by
means of a color analysis and two-dimensional shape of the
images obtained by the cameras, for example if it is round
and white it is the ball. This analysis can also identify if a
player is from one team or another, and therefore identifying
their game elements, such as feet, depending on the color of
their clothing. Another alternative is the detection of char-
acteristic movements of said game element, for example that
of the footsteps. A game element can also be detected
because it is different from the data obtained at another
moment in that same position, or because it is different from
the background of the game area.

[0048] Preferably, said identification of the game elements
is produced by means of an artificial intelligence system,
implemented and executed in the control device, which has
been previously trained for this task by means of deep
learning techniques also called [RETONE learning.

[0049] The deep learning techniques consist of providing
the artificial intelligence system with access to multiple
examples of the task to be performed so that it automatically
identifies common patterns that allow the system to perform
such identification by detecting these common patterns in
any case or example to be analyzed.

[0050] Inthe present case, the artificial intelligence system
will be trained to detect and identify all the possible game
elements present in the game area from the data provided by
the network of sensors. This will allow the flow of data
generated by the network of sensors to be analyzed, pref-
erably in real time, by the artificial intelligence system
identifying each of said game elements.

[0051] The identified game elements may not only be
isolated elements, but also parts of larger sets may be
identified as game elements. For example, the different parts
of the body of a player can be considered each as a game
element and be individually identified by the artificial intel-
ligence system.

[0052] It is proposed, as an optional feature, that the
artificial intelligence system be trained to also perform a
biomechanical analysis of the players, that is to say that it is
proposed that artificial intelligence be trained not only to
individually detect each part of a player’s body, but also to
generate an analysis of the relationship between said body
parts, producing for example a virtual recreation of a sim-
plified skeleton of the player that will become part of the
data groups obtained from the different sensors, allowing
analysis of the biomechanical behavior of the players requir-
ing much less computing power than if it were made from
all sensor data, or simplifying the grouping of the data
referring to the same player obtained from different sensors
of the network of sensors, grouping them all around the
same simplified virtual skeleton.

[0053] Step c) groups all the data groups obtained from
different sensors of the network of sensors and identified as
relating to the same game element, creating temporal
sequences of data groups, each time sequence relating to a
single game element, coordinating said data groups obtained
from different sensors over time, obtaining a record of all the
data groups acquired simultaneously referring to the same
game element. This makes it possible to coordinate the
acquired data from different angles, or even the data
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acquired by sensors of different nature, which are considered
to be integrated in the network of sensors.

[0054] Step d) allows detection of the game events, for
example that a foot has touched a ball or the ground, that the
ball has touched a racket, a bat or a midfield net, or that a
game element is ahead of another game element, such as a
runner advancing another runner, or a defense ahead of an
attacker, other examples of game events may refer to game
elements of the same player, for example detect when both
arms of the same player are aligned in a cross, this being an
important game event, for example, in gymnastics rings.

[0055] Said detection of step d) is carried out detecting
in position, shape, speed and/or trajectory of the
game elements in the temporal sequences of data groups, i.e.
detecting [y in their movement or shape indicative for
example that a game element has come into contact with
another game element that has modified its movement or
shape. Alternatively or in addition said detection of step d)
is produced by detecting interferences or correlation
between different game elements in the temporal sequences
of data groups, that is to say detecting when the positional
information of a game element enters into interference with
the positional information of another game element, thus
detecting an impact between both, or detecting when the
positional information of a game element acquires a pre-
established relative position with respect to another game
element, said pre-established relative position preferably
being one selected from a list of possible relative positions
stored in the memory.

[0056] The result of said game event detection is a record
of game events with assigned temporary information, i.e. a
record of what important events, called game events, have
taken place in the game area, and when these game events
have taken place. This allows automatic identification of
game milestones during step e), said game milestones being
detected when there is a sequence of simultaneous game
events or in a certain order. These game milestones will
correspond to arbitration decisions judging by the proposed
method.

[0057] As an example, a game milestone could be deter-
mining an offside in soccer. In order to determine said game
milestone the proposed method shall detect the game event
of the ball exiting the attacker’s foot, detect the overtaking
game event of the most advanced body part of the most
advanced attacker, discarding the arms, regarding the most
backward defense in the game area. The succession of said
two game events in one order determines the game mile-
stone of the offside, but in the reverse order it would not
correspond to an offside game milestone. In addition, more
game events can be taken into account to determine this
offside game milestone, such as whether the ball leaves the
foot of the goalkeeper of the attacking team in a goal kick,
or of a player from the corner in a corner kick, cases in which
there is no offside.

[0058] It will be understood that this is only an example
and that the proposed method can be applied by an expert to
a multitude of different games and to a multitude of possible
different game milestones within each game without the
need for a detailed description of each case in this document.

[0059] Another proposed embodiment suggests that said
game event detection of step d) be performed as a conse-
quence of a start trigger, and be performed within a time
frame containing a fraction of the time sequences of data
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groups, wherein said start trigger provides a temporal ref-
erence that defines the time frame over which the detection
is performed.

[0060] That is to say that the search for the game event is
only executed in response to a start trigger that provides a
time frame on which to perform the detection, allowing
further optimization of the analysis resources.

[0061] Said start trigger may be, for example:

[0062] amanual detection of a possible game milestone
introduced into the system by an operator, said possible
game milestone being produced within said time frame
indicated by said operator;

[0063] amanual detection of a game event introduced in
the system by an operator, said game event being
produced at a moment in the game indicated by said
operator defining said time frame, said manually
detected game event being used in said step e) of
detection of game milestones;

[0064] the automatic detection of a relevant sound
through at least one microphone integrated in the
network of sensors by means of a sound recognition
analysis on the data acquired by said microphone; or

[0065] the automatic detection of a game milestone by
said step e), said game milestone being indicative of
another possible game milestone.

[0066] The detection of a possible game milestone indi-
cates the system the time frame in which to execute the
analysis in search of game events that later determine a game
milestone, thus allowing optimization of the analysis
resources. An operator can indicate that within a time frame
has occurred, for example in the case of soccer, an offside,
a goal, an out-of-band, a fault, a penalty, hands, etc. In the
case of other sports such as tennis, other possible game
milestones may also be indicated, such as a foot fault,
incorrect serve, etc.

[0067] The manual detection of a game event by an
operator determines the existence of a game event at a
particular moment in the game, which triggers the automatic
search of other game events within a time frame related to
that moment for detection of game milestones by analyzing
the combination of the manually detected game event with
the automatically detected game events. Said manual detec-
tion can be performed, for example, by a slow-motion
review of images captured by a camera integrated in the
network of sensors.

[0068] According to another embodiment, the system
automatically searches for, from a manually detected game
event, other game events related to said manually detected
game event through a shared milestone. That is to say, for
example in the case of soccer, when an operator manually
determines the exact moment in which the ball is separated
from the foot of the attacking player to make a pass, the
system analyzes the data obtained from the network of
sensors in that same moment to determine if the other game
event that would determine a game milestone corresponding
to an offside occurs, said other game event being the
presence of an attacking player more advanced than the most
backward of the defenses.

[0069] The aforementioned detected sound may be, for
example, an impact sound, such as the sound of a bat or a
racket hitting a ball, or it may be the sound of a referee’s
whistle. In this case, the whistle would perform the analysis
and allow advising, corroborating or denying the aforemen-
tioned referee in a few seconds.
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[0070] The manual indication of the possible existence of
a game milestone can trigger an analysis of the data col-
lected in a given period prior to said manual indication to
then execute the algorithms that detect the corresponding
events and milestones within said temporal sequence.
[0071] According to another embodiment it is also pro-
posed that the system can analyze in different detail the
different game elements depending on their position or their
relevance at each moment, thus allowing optimization of the
computing resources in the data obtained from the most
relevant game elements at every moment. For example, the
system can identify the players and the ball, and perform
only a detailed identification of the body parts of those
players who have the ball, or who are close to it. This
reduces the computing power required and facilitates the
detection of events in real time.

[0072] It is also proposed that the system, based on the
analysis of the detected trajectory of certain game elements,
such as a ball, can predict its future position. This can allow
for example identification of which game elements may be
relevant in the immediate future, initiating a detailed iden-
tification of those game elements before the ball reaches
them.

[0073] For example, if in soccer, the prediction of the
trajectory of the ball determines that it will pass raised from
the ground and close to a defense player located inside the
area, the system can initiate the precise identification of the
position of the hands and arms of the that player in order to
detect a contact with the ball, which would correspond with
a penalty milestone.

[0074] Finally, the previous detection by the system of a
game milestone may be indicative of an additional game
milestone related by said previously detected game mile-
stone, which triggers an additional search for other game
events by said step d), incorporated in step e) for the
detection of additional game milestones. For example, a
game milestone may be the detection of a pass between two
players of the same team, and this may trigger the search for
other game events that allow to verify if said pass has been
regulatory, for example by looking for the relative position
of'the players at the time of the pass in order to automatically
determine whether or not there has been an offside, or other
offense contrary to the rules of the analyzed game.

[0075] Preferably the first execution of step d), whose
results determine the detection of a game milestone in step
e), is performed in search of game events of a first group of
game events. Once said game milestone indicative of
another possible game milestone is detected, the additional
execution of step d) is performed in search of selected game
events of a second group of game events, selected in relation
to the possible game milestone indicated for the game
milestone already detected.

[0076] Alternatively to the realization of said detection as
a consequence of a start trigger, the detection of game events
of'step d) will be performed in real time over all the temporal
sequences of data groups.

[0077] Another embodiment proposes that step d) be
executed in real time by searching for a game event selected
from a first group of game events and wherein the detection
of a game event of said first group of game events triggers
an additional execution of step d) in a time frame related to
said game event of the first group detected in search of a
game event of a second group of game events being all the
detected game events used in step e). For example, a game
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event of the first group may be the entry of a ball into a
scoring area such as a goal, a basketball hoop, or the entry
of a ball into an area outside the game field, the impact of
aball on a certain game element, etc. From said detection of
game events of the first group another more detailed search
of other game events of the second group is executed, for
example game events that require greater computing power
for its search, within a time frame defined by said game
event of the first group. This embodiment allows optimiza-
tion of the computing resources of the system by performing
the search for game events of the second group only when
a first detection of game events of the first group indicates
the possible presence or relevance of the game events of the
second group.

[0078] According to another embodiment of the present
invention, step d) also includes the detection of interferences
between data groups of a game element and boundaries of
the pre-stored game area, also detecting game events that are
incorporated in the detection of game milestones from step
e). That is to say, for example, the detection that a ball has
crossed an out-of-band or a midfield line, or area, or goal
line will be determined by comparing the position data of the
game element with said pre-stored record of the boundaries
of the game area, being in this embodiment said boundaries
not necessarily detected through the data obtained from the
network of sensors, but entered into the memory before the
start of the game, simplifying part of the task of analyzing
the data obtained by the network of sensors. It will be
understood that the position of said boundaries of the game
area will correspond to the position of the lines drawn on the
ground and that they indicate some boundaries related to
game milestones, such as the boundaries where a player may
be, or a ball, as in the case of the out-of-band lines in soccer
or tennis, or a boundary that determines a different punc-
tuation as it is three-point line in the basketball.

[0079] Additionally it is proposed that the notification
signal be transmitted by wireless means to a mobile receiver.
For example, it can be transmitted to a smart watch, mobile
phone, tablet or similar of the referee, providing additional
information for decision making. Alternatively said notifi-
cation signal may be a visual or acoustic signal issued in the
form of an alarm or warning, or a signal stored in a register
of notification signals.

[0080] These remote position sensors can be selected
from:
[0081] laser sensors, for example scanning laser sen-

sors, pulse sensors for the simultaneous detection of the
position of multiple points, or of a single fixed beam to
measure the distance between a point and the laser

emitter;
[0082] radars;
[0083] time-of-flight video sensors that obtain posi-

tional information by calculating the time it takes for an
emitted light to bounce and be captured by said video
sensor;

[0084] three-dimensional video sensors composed of
several video cameras separated by a known defined
distance, the positional information being inferred
automatically by the discrepancies between the images
captured by said various cameras.

[0085] Said remote position sensors offer information
indicative of the three-dimensional shape of the game ele-
ments thanks to a matrix of positional measurements at
different points, the position being all the said points deter-
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mined at the same moment, or at almost simultaneous
moments, with temporary differences of less than one tenth
of a second.

[0086] Said positional information indicative of the three-
dimensional shape will allow recognition of the shape of
each game element, and acknowledgment of its position and
its displacement over time.

[0087] Each of the two video cameras that make up a
three-dimensional video sensor will capture different images
from different points of view, and the treatment and com-
parison of said images captured by a three-dimensional
recognition computer program will allow calculation of the
position of each one of the game elements captured in the
images by measuring the differences between the two
images.

[0088] Additionally or alternatively it is proposed that said
network of sensors also include sensors selected from:

[0089] video cameras, wherein during said step b) an
analysis of shape and/or color recognition is performed
on the data acquired by said video cameras;

[0090] at least one microphone, wherein during said
step b) a sound recognition analysis is performed on the
data acquired by said microphone for the detection of
relevant sounds, indicative of a game event;

[0091] sensors integrated into the game elements, such
as position sensors, accelerometers, inclinometers,
either integrated into parts of the players, such as
wristbands, boots, belts, etc., whether in the ball in case
of existing, or other mobile game elements like bats,
rackets, etc. or static, like poles. All those sensors
integrated into mobile game elements must include a
wireless information transmitter to communicate the
information obtained to the system.

[0092] Said sensors will not offer positional information,
but they can provide other complementary information to
the positional information obtained from the remote position
sensors, such as for example chromatic information of the
game elements obtained by the video cameras, or sound
information indicative of a game event obtained through the
microphones.

[0093] The said video cameras and the three-dimensional
video sensors described above may be the same sensor that
offers both positional information and color information.
[0094] The detection of game events of step d) is prefer-
ably performed on the temporal sequences of data groups in
search of matching patterns with a record of patterns of
possible game events pre-stored in the memory. That is to
say that within a temporal sequence of data groups relative
to a game element already identified in step b), patterns are
searched for that reveal a game event, said pattern search
being performed in relation to a register of patterns of
possible game events pre-stored in the memory of the at least
one control device. Thus, the detection of a pattern in the
data groups equivalent to a pattern of possible game event
determines the existence of a game event in said data group,
and therefore the existence of a game event related to said
game element at a specific moment.

[0095] According to another preferred embodiment, the
detection of a game event contained in the register of
patterns of possible game events acts as a trigger for a search
for additional related game events through a shared game
milestone with said detected game event, being the patterns
of said additional game events detected in comparison with
a pattern register of possible additional game events, and
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said searching of additional game events within a time frame
containing a fraction of the temporal sequences of data
groups at least simultaneous to the trigger.

[0096] That is, once a game event is detected, other
additional game events that are related to said detected game
event are determined through a shared game milestone, for
example the detection of the game event of a soccer penalty
kick will be related to the game event of the non-entry of
other players in the area until after said kick is performed.
Therefore, after the detection of the first game event, a
specific search is made of the other additional game events
related to the first one within a time frame defined by said
initial game event, this time frame being at least partially
retrospective, containing data groups prior to the initial
game event.

[0097] This allows optimization of the analysis resources
allowing a first search of game events and only after the
detection of any of these game events proceed to search for
other additional game events but only within the defined
time frame.

[0098] It is also proposed to generate, for each game
element detected in the game area, statistical data related to
said game element obtained from the detected game events
related to said game element. This allows to automatically
generate statistics relative to each game element, or groups
of game elements, which can be useful both at an informa-
tive level and at the analysis level to improve the perfor-
mance of the athletes present in the game area.

[0099] Preferably said statistical data is transmitted in real
time to a remote storage device, for example a server of
betting houses, journalists or sports commentators, sports
media, such as televisions, radios or newspapers, etc.
[0100] The game events and/or game milestones detected
can feed in real time an augmented reality system that
superimposes visual information related to said game events
and/or said game milestones on real images of the game
area.

[0101] That is to say that said game events and/or detected
game milestones can feed in real time an augmented reality
system that superimposes visual information related to said
game events and/or game milestones on real images of the
captured game area through integral cameras of the network
of'sensors. Examples of possible data fed by said augmented
reality system can be: information about the amount of time
a player is in possession of the ball, the faults committed or
received, the time played, the number of passes made or
received, the number of shots to goal, etc.

[0102] Said analysis of step b) is preferably carried out on
the data captured by the network of sensors in search of
matching patterns with a record of patterns of possible game
elements pre-stored in the memory, said register being able
to contain shape, color and/or position patterns of possible
game elements.

[0103] That is to say, the recognition of the captured data
groups related to a game element and indicative of which
game element is made by analyzing said data in search of
matching patterns with a record of patterns of possible
pre-stored game elements, preferably detecting shape, color
and/or position of said game elements.

[0104] By way of example, it may be indicated that all
those data relating to a spherical object will be indicative of
a data group relating to a game element identified as a ball.
Likewise the shape of a bat or racquet will be characteristic
and identifiable, even the shape of a boot, hand, or head will
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be easily recognizable. Even the shape of a number printed
on the player’s shirt can be recognized by the proposed
method for the identification of said individual player as a
game element or as a set of multiple game elements includ-
ing his feet, knees, hands, elbows, shoulders, head, torso,
etc.

[0105] The color information can be helpful for identifi-
cation, for example the white color of the ball will help in
its detection, or the color of the clothes of the players or the
referee can be used by the system to discern between one
and the other.

[0106] Also the positional information can be used for the
detection and recognition of the game elements. For
example, the feet of the players will be, generally, near or
above the ground.

[0107] In some sports such as baseball, each player has an
assigned position within the playing area, such as the
pitcher, the receiver, the first baseman, the second baseman,
etc., therefore the detection of a data group within one of
said positions will undoubtedly correspond to a game ele-
ment related to each of said players, thus facilitating their
recognition.

[0108] It is further proposed that during the analysis of
step b) a detection of data groups relative to a game element
be made in the data coming from a remote position sensor,
and wherein the positional information of said game element
obtained from said remote position sensor is compared with
the positional information existing in the data of the other
remote position sensors detecting a spatio-temporal coinci-
dence between said compared data, assigning said detection
of data groups relative to a game element to all the data
groups of all the remote position sensors with spatio-
temporal coincidence.

[0109] That is, the detection of a game element in a data
group from the data coming from an individual remote
position sensor is automatically used to assign other data
groups obtained from other sensors to that same game
element if there is spatio-temporal correspondence between
said data groups of different sensors. In other words, if two
remote position sensors detect positional data in the same
space and time, and the analysis of the data of one of the
remote position sensors determines that said data is a data
group relating to for example a ball, the data of the other
sensors obtained from that same space and time will also
correspond to data of said ball, without the need for an
additional analysis of said data.

[0110] It is also contemplated that said analysis of step b)
is carried out on data obtained at different moments, and that
the detection of a game element at a moment is used to
perform the detection of said game eclement at different
moments, by monitoring of the position of said game
element. That is to say, the detection of a game element at
a moment makes the detection unnecessary in other subse-
quent or previous moments, being able to track the trajectory
of said game element from the moment in which its iden-
tification has been carried out maintaining the identification
without requiring additional analysis while maintaining the
detection of their trajectory by analyzing the data obtained,
this tracking of the trajectory being a much simpler calcu-
lation than the identification of the game element and
therefore optimizing the resources.

[0111] A second aspect of the present invention concerns
a computer program that includes code instructions that
when executed in a computer system, equipped with at least
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one control device with a memory and with computing
power, implement the method of either of claims 1 to 14
described in relation to the first aspect of the present
invention.

[0112] Preferably said code instructions include analysis
algorithms configured to analyze the data obtained from
each individual sensor detecting the presence of data groups
relating to game elements and identifying the game element
to which said data groups correspond, placing said groups in
correspondence of data referring to the same game element,
grouping in a temporal sequence all the data groups pro-
vided by different sensors corresponding to the same game
element in temporal coordination.

[0113] Said analysis algorithms are preferably also con-
figured to detect game events of several game elements in
several temporal sequences of data groups by:

[0114]  the detection of EREIREE in position, shape, speed
and/or trajectory of the game elements in the temporal
sequences of data groups;

[0115] the detection of interferences or correlation
between different game elements in the temporal
sequences of data groups;

[0116] or a combination thereof, and

[0117] Said analysis algorithms can be additionally con-
figured to detect game milestones by automatically detecting
sequences of game events, simultancous or consecutive,
coinciding with sequences of game events pre-stored in the
memory corresponding to possible game milestones, trig-
gering a notification signal.

[0118] A third aspect of the present invention concerns a
system for automatic arbitration that includes at least:

[0119] a network of sensors formed by individual sen-
sors capable of obtaining positional information of
players present in the game area;

[0120] at least one control device equipped with a
memory and with computing power for the analysis of
the information obtained from the network of sensors;

[0121] The invention proposes that said individual sensors
include remote position sensors capable of remotely obtain-
ing positional information of players present in the game
area without requiring the installation of sensors or reflectors
or emitters of any kind on the players, said remote position
sensors being arranged around a game area and directed
towards game elements within said game area;
[0122] the at least one control device implements analysis
algorithms obtained by means of learning algorithms that
automatically detect patterns in examples related to game
events or game milestones to be detected, or in a large data
source, by means of deep learning, big data or data mining
techniques, and is configured to identify the different game
elements present in the game area and to detect game events
by:
[0123] the detection of in position, shape,
speed and/or trajectory of the game elements in the
temporal sequences of data groups; or

[0124] the detection of interferences or correlation
between different game elements in the temporal
sequences of data groups; or

[0125] a combination of thereof,

[0126] the at least one control device stores sequences of
events corresponding to possible game milestones related to
game rules or with circumstances predefined by the user and
is configured to detect said stored milestones from the
analysis of the detected events.



US 2020/0054930 Al

[0127] Thus, said at least one control device constitutes a
computer system configured to execute a computer program
that includes code instructions that implement the method
described in relation to the first aspect of the present
invention.

[0128] Preferably said code instructions include analysis
algorithms that are configured to analyze the data obtained
from each individual sensor detecting the presence of data
groups relating to game elements and identifying the game
element to which said data groups correspond, placing said
data groups referred to the same game element in corre-
spondence, grouping in a temporal sequence all the data
groups provided by different sensors corresponding to the
same game element in temporal coordination.

[0129] It is also proposed that these algorithms are the
result of learning algorithms, for example through the auto-
matic detection of patterns within a large data source, by
techniques known as big data or data mining, or by means
of the automatic detection of patterns within data supplied
with examples related to game events or game milestones to
be detected, using techniques known as deep learning.
Obviously said feature may also be related to the first and
second aspects of the invention.

[0130] Optionally, it is contemplated that the network of
sensors may also include individual sensors integrated into
fixed elements of the game area, such as for example the
goalposts, boards or hoops, nets, posts, walls or floors, etc.
These sensors can provide positional information obtained
remotely, or they can provide other information such as
temporary information of one impact, or another.

[0131] It is also contemplated that, additionally or alter-
natively, the network of sensors includes individual sensors
that provide non-positional information integrated into the
game elements, i.e. sensors that provide other information,
such as the vital constants of the players. This additional
information may be used for statistical or other purposes.

[0132] Other features of the invention will appear in the
following detailed description of an exemplary embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0133] The foregoing and other advantages and features
will be more fully understood from the following detailed
description of an exemplary embodiment with reference to
the accompanying drawings, which should be taken by way
of illustration and not limitation, in which:

[0134] FIG. 1 shows a schematic plan view of a game area
which, as an example, shows a basketball court with its
corresponding boundaries, containing several game ele-
ments corresponding to five players of each team, one ball
and two hoops, around said game area have schematically
illustrated a network of sensors composed of twelve remote
position sensors and a microphone arranged around the
game area, oriented towards the interior of the game area,
indicating in dashed line the area controlled by each indi-
vidual sensor;

[0135] FIG. 2 schematically shows part of step b) applied
to data indicative of the three-dimensional shape of the game
elements, exemplified here in the form of an image that is
assumed to be three-dimensional, in which said image
contains various game elements and it is analyzed and
disaggregated into data groups assigned to each of said game
elements;
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[0136] FIG. 3 shows the same as FIG. 2 but applied to data
obtained through another sensor, showing different game
elements;

[0137] FIG. 4 schematically shows steps c), d) and e),
showing how the data sequences are temporally correlated
and how game events corresponding to each of the analyzed
game elements are detected, and how said game events are
arranged in a sequence that allows identification of the game
milestones;

[0138] FIG. 5 shows how other additional data are also
analyzed in search of game events, in this example audio
data captured by the microphone of the network of sensors
are analyzed by detecting the presence of an audio pattern
corresponding to a game event that in this example is the
sound of the siren of the end of the possession time;
[0139] FIG. 6 shows how said game event detected in the
microphone data is placed in correspondence with the other
data sequences allowing other additional game milestones to
be detected.

DETAILED DESCRIPTION OF THE
INVENTION

[0140] The attached figures show examples of embodi-
ments of the present invention with non-limiting illustrative
character.

[0141] FIG. 1 shows a game area 1 corresponding to a
basketball court. It will be understood that any other game
area 1 may be used in its place, such as soccer, American
football, baseball, cricket, handball, hockey, volleyball, ten-
nis, paddle fields or athletic, jumping, shot put, gymnastics
tracks or diving, synchronized swimming pools, etc.
[0142] The game area 1 shown is surrounded by a network
of sensors 10 comprising thirteen individual sensors 11 of
which eight are remote position sensors 12 and one is a
microphone 13. Obviously the number and position of the
individual sensors 11 may be another without this affecting
substantially the present invention. Said remote position
sensors 12 can be for example scanning laser sensors, high
precision radar sensors, or three-dimensional video sensors,
the use of scanning laser sensors being the preferred
embodiment.

[0143] Although the data 30 obtained by said remote
position sensors is data indicative of the three-dimensional
shape of the game elements, i.e. three-dimensional informa-
tion. In the following figures, said three-dimensional data
obtained in the form of a two-dimensional image has been
shown in a simplified manner to facilitate its understanding.
[0144] FIG. 2 shows, in a first box, a two-dimensional
representation of the data 30 obtained at a given moment by
one of the remote position sensors 12, said data 30 contain-
ing information relative to three game elements 40 corre-
sponding to the right hand of a first player, the left hand of
a second player and the ball.

[0145] Said data 30 is supplied to at least one control
device 20 which, by means of the application of analysis
algorithms, analyzes said data 30 detecting the presence of
data groups 31 relative to individual game elements 40 and
identifying the game element 40 to which said data groups
31 correspond. In the present example, said analysis allows
to automatically identify the data groups 31 corresponding
to each of said three game elements 40, for example by
means of an analysis of the shape of each of said game
elements 40 that allow identification of the characteristic
shape of a hand and a ball, as well as distinguishing to which
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player that hand corresponds thanks to the recognition of the
color of the shirt of said player and/or of the number and/or
name printed on said shirt, or to other distinctive morpho-
logical characteristics of each individual player, such as
height, hairstyle or characteristic hair color, etc.

[0146] Next, all the aforementioned data groups 31 relat-
ing to the same game element 40 are placed in correspon-
dence, which will mainly correspond to data groups 31 of
the same game element 40 obtained from different indi-
vidual sensors 11, being part of the redundant information,
for example the positional information, which allows iden-
tifying said correspondence facilitating said operation and
avoiding having to carry out an automatic identification of
all the data of each of the individual sensors 11 since an
identification in the data of an individual sensor 11 allows,
by means of said correspondence, to avoid having to make
said identification with the data of the remaining individual
sensors 11.

[0147] FIG. 3 shows an operation equivalent to that shown
in FIG. 2 but applied to other data 30 relative to other game
elements 40 obtained by another remote position sensor 12.
In this case the game elements 40 identified are the right and
left feet of the first player and the three-point line.

[0148] Alternatively, the position of the boundary of the
three-point line can be pre-stored in the memory, making it
unnecessary to detect and identify said line in the data
obtained from the network of sensors 10.

[0149] FIG. 4 shows the three time sequences of data
groups 31 obtained from the analysis represented in FIG. 2
correlated, represented here in the form of a newly inte-
grated two-dimensional image, and how said temporal
sequences contain information of different successive
moments of the game, which has been simplified here as
four sequential images. The analysis carried out by said at
least one control device 20 by means of the application of
analysis algorithms allows identification of the moment in
which the ball separates from the hand of the first player;
thus determining that at moment three a first game event 50
occurs.

[0150] In an equivalent manner the three time sequences
of data groups 31 obtained from the analysis shown in FIG.
3 have also been correlated with each other and in temporal
coordination with the remaining time sequences. Its analysis
determines that at moment four the right foot of the first
player steps on the three-point line, thus determining that
this is a second game event 50.

[0151] Therefore it can be determined that the throw of the
ball has occurred, by the first player, before said first player
stepped on or surpassed the three-point line, since the third
moment is before the fourth moment. Therefore it can be
concluded that a game milestone has occurred, correspond-
ing to a valid three-pointer.

[0152] The analysis in search of the second game event 50
can be triggered as a result of the detection of the first game
event 50. That is to say that upon detecting that the ball
leaves the hands of the first player the system reviews a time
frame close to that moment in time to search for a game
event 50 related to the position of his feet, thus detecting the
second game event 50.

[0153] The first game event 50 detected, corresponding to
the separation of the ball from the hands of the player, can
also be searched by the system as an automatic response to
a start trigger, for example the entry of the ball into the hoop.
Said game event 50 of scoring a basket can trigger the search
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for the moment in which the ball leaves the player’s hands
retroactively and one also looking for the event of the
player’s feet stepping on or exceeding the three-point line.
Once both game events are detected, as a consequence of the
detection of the entry of the ball into the hoop, the sequence
in which said game events 50 have occurred is verified to
determine if there has been a three-pointer game milestone.
[0154] On the contrary, the system can search in real time
all the possible game events 50 simultaneously, detecting
them as they happen.

[0155] FIG. 5 shows, in the form of an acoustic wave, a
sequence of audio data captured by a microphone 13 integral
with the network of sensors 10.

[0156] The analysis of said audio data 30 allows detection
of'a sound identified as the siren at the end of the possession
time, by detecting a pattern in the acoustic wave coincident
with a pre-stored pattern of the sound of said siren, so that
it is determined that this is a third game event 50 that
happens in a fourth moment.

[0157] InFIG. 6 the same analysis is performed as in FIG.
4 but adding the audio data shown in FIG. 5, each time
fraction of said data 30 being coordinated with the time
fraction of the remaining data 30.

[0158] As aresult, the method detects a game milestone of
a valid three-point shot thanks to the detection of the shot in
the third previous moment both at the end of the possession
time and to surpass the three-point line, both events occur-
ring in the fourth moment. All this determines a game
milestone of valid three-point shot.

[0159] A further detection of a fourth game event corre-
sponding to the entry of the ball into the hoop would
determine a game milestone of three-point basket being the
three-point shot valid.

[0160] As will be obvious, the measurement of the pos-
session time can also be done by the proposed automatic
arbitration method, so that the detection of the game event
50 of the end of the possession time could be done internally
as a further game event 50.

[0161] Many other examples could be exposed, for
example the valid kick of a fault in soccer without the
players of the barrier leaving their position ahead of time, or
a valid penalty kick also in soccer without any player
entering the game area before time, or in tennis a valid serve
without the player stepping on the line before hitting the
ball, etc.

[0162] In other embodiments, the detection of game
events 50 can be determined for example by detecting a
sudden [N in the trajectory or speed of a game element,
if for example a ball suddenly [T its trajectory or speed
it is indicative that another game element 40 has hit it, or
touched the ground. In the same way, a bat or racket will also
see its trajectory or speed altered when it hits the ball. Said
impact could also produce an alteration of the shape of the
game element 40, for example a ball could temporarily lose
its spherical shape during the impact.

[0163] Furthermore, the proposed method makes it pos-
sible to know the position of each game element 40 through
the captured data groups 31, in this way in the event that two
game clements 40 come into contact with said positional
data of the corresponding data groups 31 they will at least
partially coincide, thus demonstrating that this contact has
occurred and the game event 50 is detected.

[0164] Some game events do not require contact between
different game elements 40. For example, the offside in
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soccer requires a relative position between the most
advanced parts of the body of two players in relation to the
field, excluding the arms, similar to the arrival at the finish
line of the races. In other sports the measurement of the
relative position between two body parts of the same player
can be relevant, as for example in the disciplines of gym-
nastics. In all these cases, said game event 50 will be
determined by analyzing the positional data contained in the
corresponding data groups 31 of the time sequences of each
game element 40, analyzing their relative positions, their
correlations or their interferences.

[0165] The detection of a game milestone will trigger a
notification signal 21 that will preferably be transmitted by
wireless means to a mobile receiver 22 such as a tablet,
telephone or smart watch in the hands of a referee.

[0166] It will be understood that the different parts con-
stituting the invention described in one embodiment can be
combined with the parts described in other different
embodiments although said combination has not been
explicitly described, provided that there is no harm in the
combination.

[0167] Next, other exemplary embodiments relating to the
automatic detection of game milestones corresponding to an
offside in a soccer game, shown in FIG. 7, are set forth
below.

[0168] According to one embodiment, the system analyzes
the captured data by detecting the presence of data relating
to the different game elements 40 and identifying them,
which in this case will correspond to the different parts of the
bodies of the attacking and defending players as well as the
ball, breaking said data 30 into data groups 31 and grouping
the data groups 31 relative to the same game element 40
obtained from different individual sensors 11 in the same
temporal sequence.

[0169] The system constantly analyzes the data groups 31
looking for at least one game event 50 for the start of the
pass of the ball, a game event for receiving the pass of the
ball, and an anti-regulation position game event for each of
the attacking players with respect to the most backward
defense. The game milestone corresponding to the offside
will be determined if, in this order, the game events corre-
sponding to a player’s anti-regulation position (called posi-
tional offside) are detected, at the start of the pass, and upon
reception of said pass by said player in an anti-regulation
position, or if it is determined that at the time of the start of
the pass the player who will receive said pass is in an
anti-regulation position.

[0170] In the example shown in FIG. 7 it can be seen how
at moment 2 the ball separates from the foot of the player
who starts the pass, at which point a game event 50
corresponding to a start of the pass of the ball has been
determined. It is also determined that at a time before
moment 2 and after moment 1 an attacking player advances
with the end of his foot the position of the player of the most
backward defense, determining an anti-regulation position
of said player before the start of the pass of the ball. Finally
at moment 4 a game event 50 is detected corresponding to
a reception of the pass of the ball by the attacking player that
has been previously determined to be in an anti-regulation
position. Therefore the detected game events are, in chrono-
logical order, a player in an anti-regulation position, a pass
start, and a reception of the pass by said player in anti-
regulation position, which determines a game milestone
corresponding to an offside, which is automatically warned
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by the system by means of an alarm signal, for example
transmitted to a smart watch of the referee.

[0171] According to an alternative embodiment, at least
one game event 50 for the start of the pass of the ball and a
game event 50 for receiving the pass of the ball will be
automatically searched in the time sequences, but not a game
event 50 for anti-regulation position of each of the attacking
players with respect to the most backward defense.

[0172] The detection of a game event 50 for the start of the
pass of the ball and a game event 50 for reception of the
subsequent pass of the ball will be identified by the system
as a game milestone corresponding to a pass.

[0173] The system will be configured so that the detection
of a game milestone corresponding to a pass is a trigger for
the verification of the existence or not of an offside, so that
detection of a game milestone corresponding to a pass
triggers the analysis of the relative position of the player
receiving the pass with respect to the most backward defense
at the instant of the first game event 50 detected correspond-
ing to the start of the pass, thus detecting whether there is
another game event 50 corresponding to the anti-regulation
position of the attacker with respect to the defense at that
time, thus determining the existence or otherwise of a game
milestone corresponding to an offside. This realization
requires less computing power, because it is only necessary
to detect the relative position of an attacking player with
respect to the most backward defense when he receives the
pass and only at a certain moment.

[0174] Another embodiment provided for the detection of
an offside is that an operator indicates to the system a time
frame of reference within which it is suspected that an
offside has existed, for example a time frame comprised
between moments 1 and 4, and the system applies any one
of the two alternative methods of analysis described above
but only with respect to the data contained within said time
frame, thus achieving a greater optimization of the available
computing resources.

[0175] Alternatively said operator can determine, by a
slow-motion examination of images captured by a camera
integrated in the network of sensors 10, the exact moment at
which the game event 50 corresponding to the start of the
pass occurs, i.e. the moment in which the ball leaves the foot
of the attacking player, which in the example shown in FIG.
7 corresponds to moment 2. Once the existence of a trig-
gering game event 50 corresponding to a start of the pass of
the ball has been determined manually, the system automati-
cally determines by analyzing the data 30 captured in search
of game events 50 the game event 50 corresponding to the
reception of the pass, thus determining which player is
receiving the pass, and the game event 50 corresponding to
the anti-regulation position or not of said player receiving
the pass at the time of the game event 50 corresponding to
the start of the pass of the ball determined or manually, that
is, if said player was in an anti-regulation position at the time
of said start of the pass of the ball, thus automatically
determining whether or not a game milestone corresponding
to an offside existed.

[0176] Similarly, the system can be used for the automatic
detection of a correct fault kick, detecting at least game
events 50 relating to the start of the kick, when the ball
leaves the foot of the player, and relative to the position of
the defense at least 9.15 m away from the point of the kick
of the ball, and a search of other game events may also be
carried out such as the entry of the ball into the goal, or the
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contact of the ball with another player other than the one
who throws the fault, etc. Said detected game events 50 can
be detected in real time, or within a time frame indicated by
an operator, or one of them being detected manually by an
operator, or its search being initiated as a result of a trigger.
In this case, the trigger could be, for example, the detection,
by means of a microphone 13 integrated in the network of
sensors 10, of the sound of the referee’s whistle indicating
that the kick can be carried out.

[0177] Likewise, the system can be used for the automatic
detection of a correct penalty kick, detecting game events 50
relating to the start of a penalty kick, when the ball leaves
the player’s foot, relative to the goalkeeper’s position on the
goal line, relative to the position of the other players outside
the area, and relative to the entrance of the ball into the goal.
Said detected game events 50 can be detected in real time,
or within a time frame indicated by an operator, one of them
being detected manually by an operator, or the search being
initiated as a result of a trigger.

[0178] Obviously the proposed method and system can be
applied to other sports and to the detection of other different
game milestones. For example in tennis a game milestone
relative to a foot fault, shown in FIG. 8, can be detected by
detecting game events 50 relating to the start of the service,
when the ball separates from the racket, and relative to the
position of the feet of the player who makes the service with
respect to the baseline of the court. If the entry of one of the
player’s feet into the game area is detected before the start
of'the service, it is determined that there is a game milestone
corresponding to a foot offense, otherwise a valid service
milestone will be determined. Said detected game events 50
can be detected in real time, or within a time frame indicated
by an operator, one of them being detected manually by an
operator, or the search being initiated as a result of a trigger.

[0179] In the example shown in FIG. 8 the system auto-
matically detects a game event 50 corresponding to an entry
of a foot of the player in the game area, stepping on the
bottom line, at moment 3, simultaneous to the impact of the
ball on the racket. However, the game event 50 correspond-
ing to the start of the serve, when the ball is separated from
the racket, does not occur until moment 4. Therefore, it is
automatically determined that there is a game milestone
corresponding to a foot fault, therefore a null serve.

1-24. (canceled)

25. Automatic arbitration method implemented through a
system that integrates at least:

anetwork of sensors formed by individual sensors includ-
ing remote position sensors able to remotely obtain
positional information of game elements present in the
game area without requiring the installation of sensors
or reflectors or emitters of any kind in the game
elements, said remote position sensors being arranged
around a game area and directed towards game ele-
ments within said game area;

at least one control device provided with a memory and
with computing power for the analysis of the informa-
tion obtained from the network of sensors;

the method comprising the following steps: by way said
network of sensors:
a) acquire data relating to several game elements simul-
taneously, said data including positional and time infor-
mation;
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and by means of an analysis of the acquired data executed
by the at least one control device by means of the application
of some analysis algorithms obtained by means of learning
algorithms.

b) analyze the data acquired by each individual sensor
detecting the presence of data groups relating to game
elements and identifying the game element to which
said data groups correspond, placing in correspondence
said data groups referred to a same element of the
game;

¢) group, in a temporal sequence, all the data groups
provided by different individual sensors corresponding
to the same game element in temporal coordination;

d) detect game events of several game elements in several
time sequences of data groups by:

the detection of interferences or correlation between dif-
ferent game elements in the temporal sequences of data
groups; or

a combination of said detection of interferences or cor-
relation with the detection of in position,
shape, speed and/or trajectory of the game elements in
the temporal sequences of data groups; and

e) detecting game milestones by automatically detecting
sequences of game events, simultaneous or consecu-
tive, coinciding with sequences of game events pre-
stored in the memory, triggering a notification signal.

26. Method according to claim 25, wherein the detection
of game events of step d) is performed as a consequence of
a start trigger, and is performed within a time frame con-
taining a fraction of the time sequences of data groups,
wherein said start trigger provides a temporal reference that
defines the time frame over which the detection is per-
formed.

27. Method according to claim 26, wherein said start
trigger is:

a manual detection of a possible game milestone intro-
duced into the system by an operator, said possible
game milestone being produced within said time frame
indicated by said operator;

a manual detection of a game event introduced into the
system by an operator, said game event being produced
at a time in the game indicated by said operator defining
said time frame, said game event being manually
detected used in said step e) of detection of game
milestones;

the automatic detection of a relevant sound through at
least one microphone integrated in the network of
sensors by means of a sound recognition analysis on the
data acquired by said microphone; or

the automatic detection of a game milestone by said step
e), said game milestone being indicative of another
possible game milestone.

28. Method according to claim 25, wherein the detection
of game events of step d) is carried out in real time on all
time sequences of data groups.

29. Method according to claim 25, wherein step d) is
executed in real time by searching for a game event selected
from a first group of game events and wherein the detection
of a game event of said first group of game events triggers
as a detonator an additional execution of step d) in a time
frame related to said game event of the first detected group
in search of a game event of a second group of game events
being all detected game events used in step e).
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30. Method according to claim 25, wherein step d) further
includes detecting interference between pre-stored data
groups of a game element and boundaries of the game area,
also detecting game events that are incorporated in the
detection of game milestones of step ).

31. Method according to claim 25, wherein the notifica-
tion signal is transmitted by wireless means to a mobile
receiver.

32. Method according to claim 25, wherein said remote
position sensors are selected from:

laser sensors;

radars;

time-of-flight video sensors; and

three-dimensional video sensors composed of several

video cameras separated by a known defined distance,
the positional information being inferred automatically
by the discrepancies between the images captured by
said various cameras.

33. Method according to claim 25, wherein said network
of sensors further includes individual sensors selected from:

video cameras, wherein during said step b) an analysis of

shape and/or color recognition is performed on the data
acquired by said video cameras;
at least one microphone, wherein during said step b) a
sound recognition analysis is performed on the data
acquired by said microphone for the detection of rel-
evant sounds, indicative of a game event; and
sensors integrated into the game elements.
34. Method according to claim 25, wherein the detection
of game events of step d) is performed on the temporal
sequences of data groups in search of matching patterns with
a record of patterns of possible game events pre-stored in the
memory.
35. Method according to claim 25, wherein for each game
element detected in the game area, statistical data related to
said game element obtained from the game events detected
related to said game element are generated.
36. Method according to claim 35, wherein said statistical
data is transmitted in real time to a remote storage device.
37. Method according to claim 25, wherein the game
events and/or detected game milestones feed in real time an
augmented reality system that superimposes visual informa-
tion related to said game events and/or said game milestones
on real images of the game area.
38. Method according to claim 25, wherein:
said analysis of step b) is performed on the data in search
of matching patterns with a record of patterns of
possible game elements pre-stored in the memory; or

said analysis of step b) is performed on the data in search
of matching patterns with a record of patterns of
possible game eclements pre-stored in the memory,
which contains patterns of shape, color and/or position
of possible elements of game.

39. Method according to claim 25, wherein during the
analysis of step b) a detection of data groups relative to a
game element is performed on the data coming from a
remote position sensor, and wherein the positional informa-
tion of said game element obtained from said remote posi-
tion sensor is compared with the positional information
existing in the data of the other remote position sensors
detecting a spatio-temporal coincidence between said com-
parative data, said detection of data groups relating to a
game element assigning all data groups of all remote posi-
tion sensors with spatio-temporal coincidence.
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40. Method according to claim 25, wherein said analysis
of step b) is performed on data obtained at different
moments, and wherein the detection of a game clement at a
moment is used to perform the detection of said game
element at different moments, by tracking the position of
said game element.

41. Method according to claim 25, wherein said step a)
further includes acquiring data relating to several game
elements simultaneously, said data including information
indicative of the three-dimensional shape of the game ele-
ments.

42. Method according to claim 25, wherein the system,
after identifying different game elements, selects from
among the game elements identified that or those most
relevant according to the programming of the system and
performs a more precise and/or detailed detection and/or
identification of those game elements and/or the game
elements that are around them.

43. Method according to claim 25, wherein the system
after identifying different game elements, predicts the tra-
jectory of at least one of said game elements and predicts
possible future events related to said game element.

44. Method according to claim 43, wherein the system
identifies other game elements arranged in or adjacent to the
intended path and wherein said system performs a more
precise and/or detailed detection and/or identification of said
game elements.

45. Method according to claim 25, wherein the system is
configured to individually identify each body part of a player
as game elements and to generate an analysis of the rela-
tionship between said body parts producing a virtual recre-
ation of a simplified skeleton of the player that will become
part of the data groups obtained from the different sensors.

46. System for implementing an automatic arbitration
method that integrates at least:

a network of sensors formed by individual sensors
capable of obtaining positional information of players
present in the game area;

at least one control device provided with a memory and
with computing power for the analysis of the informa-
tion obtained from the network of sensors; wherein

said individual sensors include remote position sensors
capable of remotely obtaining positional information of
game elements present in the game area in the absence
of sensors or reflectors or emitters of any kind in the
game elements, said remote position sensors being
arranged around a game area and directed towards
game elements within said game area;

the at least one control device implements analysis algo-
rithms obtained by learning algorithms, and is configured to
identify the different game elements present in the game area
and to detect game events by:

the detection of interferences or correlation between dif-
ferent game elements in the temporal sequences of data
groups; or

a combination of said detection of interferences or cor-
relation with the detection of in position,
shape, speed and/or trajectory of the game elements in
the temporal sequences of data groups; and

the at least one control device stores sequences of events and
is configured to detect said stored milestones from the
analysis of detected events.

47. System according to claim 46, wherein the network of
sensors further includes individual sensors integrated into
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fixed elements of the game area and/or individual sensors
integrated into the game elements that provide non-posi-
tional information.

48. A computer program that includes code instructions
obtained by means of learning algorithms that when
executed in a computer system implement the method of
claim 25, the computer system being provided with at least
one control device with a memory and computing power,
and being connected to a network of sensors formed by
individual sensors including remote position sensors capable
of remotely obtaining positional information of game ele-
ments present in the game area without requiring the instal-
lation of sensors or reflectors or emitters of any kind in the
game elements, which provide data relating to several game
elements simultaneously, said data including positional and
time information.
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