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(57) ABSTRACT

A multi-mode tracking method according to the present dis-
closure includes receiving, a sensor signal, obtaining a sen-
sor-based location of a sports participant based on the sensor
signal, obtaining a first credibility information related to a
credibility of the sensor-based location, receiving a sports
image captured at a camera disposed peripheral to a play-
field, the sports image including the sports participant in the
playfield, obtaining an image-based location of the sports
participant, obtaining an second credibility information
related to a credibility of the image-based location, wherein
the credibility of the image-based location is related to an
occlusion related to the sports participant, calculating an
weight value based on the first credibility information and
the second credibility information, calculating a location of
the sports participant based on the weight value.
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METHOD FOR TRACKING SPORT
PARTICIPANTS, DEVICE FOR TRACKING
SPORT PARTICIPANTS, AND SYSTEM FOR

TRACKING SPORT PARTICIPANTS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a Divisional Application of U.S.
Patent Application No. 17/131,148 filed on Dec. 22, 2020,
which claims priority to and the benefit of Korean Patent
Application No. 10-2020-0153137 filed on Nov. 16, 2020,
and Korean Patent Application No. 10-2020-0153138 filed
on Nov. 16, 2020, the disclosure of which is incorporated
herein by reference in its entirety.

BACKGROUND
1. Field of the Invention

[0002] The present disclosure is related to a player track-
ing method, a player tracking device, and a player tracking
system capable of tracking players’ locations.

2. Discussion of Related Art

[0003] With the improvement of image analysis technol-
ogy and positioning technology, it has become possible to
analyze the movements or motions of players during sport
events, and thus sport analysis technology that quantifies the
performance of sport players has recently attracted atten-
tion. When quantifying the performance of a sport player,
the analysis of the player’s location is considered as the
most basic factor.

[0004] As a representative method of calculating a sport
player’s location, a method of calculating a position where
a player is located in a stadium from an image captured by a
camera and a method of using positioning instruments such
as a Global Positioning System (GPS) device or a local posi-
tioning system (LPS) device are known.

[0005] However, a positioning method using a video has
several limitations due to camera technology, including the
inability to cope with a blockage situation in which a player
to be tracked is hidden by other players in a video, and a
positioning method using positioning instruments such as a
GPS module has fundamental problems due to the decrease
in positioning accuracy or the delay or reflection of signals
which are caused by the locations of satellites, so each
method has its limitations in situations where high precision
is required.

SUMMARY OF THE INVENTION

[0006] The present disclosure is directed to providing a
player tracking method, a player tracking device, and a
player tracking system with improved accuracy of player
location tracking.

[0007] A player tracking method according to the present
disclosure may include receiving sensor signals from a plur-
ality of positioning sensors located on a plurality of sport
participants wherein the sensor signals each include a parti-
cipant identifier and location data, receiving a sport image
captured by a camera located near a playfield wherein the
sport image includes at least a target participant among the
plurality of sport participants on the playfield, detecting an
occlusion related to the target participant in the sport image,

Oct. 19, 2023

determining the severity of the occlusion on the basis of
sensor signals received from specific positioning sensors
installed on specific sport players located in a region of
interest related to the occlusion, determining a location of
the sport participant on the basis of a pixel location related
to the target participant in the sport image when it is not
detected that the severity of the occlusion is greater than a
threshold value, and determining a location of the sport par-
ticipant on the basis of location data of a sensor signal hav-
ing a participant identifier indicating the target participant
when it is detected that the severity of the occlusion is
greater than the threshold value.

[0008] A player tracking method according to the present
disclosure may include acquiring image-based location data
indicating a first location of a sport participant defined in a
first coordinate system from a sport image which is captured
by a camera located near a playfield and which includes
sport participants on the playfield, wherein the image-
based location data is acquired based on a pixel location
related to the sport participant in the sport image, detecting
an occlusion event related to the sport participant in the
sport image, verifying the image-based location data on
the basis of a result of the detection, acquiring a positioning
sensor-based location indicating a second location of the
sport participant defined in a second coordinate system on
the basis of a sensor signal acquired from a positioning sen-
sor located on the sport participant, acquiring a positioning
sensor-based velocity indicating a velocity of the sport par-
ticipant defined in the second coordinate system on the basis
of the second location or the sensor signal, preparing a
neural network for converting a location in the second coor-
dinate system to the first coordinate system, wherein the
neural network includes an input layer for receiving a loca-
tion and a velocity corresponding to the second coordinate
system, an output layer for outputting a result indicating a
location value, and a hidden layer having a plurality of
nodes connecting the input layer and the output layer, pre-
paring a training set, wherein the training set includes
image-based location data determined to be valid and posi-
tioning sensor-based location data and positioning sensor-
based velocity data corresponding to the image-based loca-
tion data determined to be valid; and training the neural net-
work using the training set by inputting the positioning sen-
sor-based location data and the positioning sensor-based
velocity data of the training set to the input layer and adjust-
ing weight values of the nodes on the basis of a difference
between the location value of the result and the image-based
location data corresponding to the input positioning sensor-
based location data and positioning sensor-based velocity
data.

[0009] A player tracking method according to the present
disclosure may include receiving a sport image captured by
a camera located near a playfield, wherein the sport image
includes a sport participant on the playfield, receiving a sen-
sor signal from a positioning sensor installed on the sport
participant, detecting an occlusion event related to the
sport participant in the sport image, determining a location
of the sport participant on the basis of image-based location
data indicating a location defined in a first coordinate system
when the occlusion event is not detected, acquiring a posi-
tioning sensor-based location indicating a location defined
in a second coordinate system on the basis of the sensor
signal when the occlusion event is detected, acquiring a
positioning sensor-based velocity indicating a velocity
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defined in the second coordinate system on the basis of the
sensor signal or the positioning sensor-based location, and
determining the location of the sport participant defined in
the first coordinate system from the positioning sensor-
based location and the positioning sensor-based velocity
using a neural network for converting a location in the sec-
ond coordinate system to the first coordinate system,
wherein the neural network may include an input layer for
receiving a location and a velocity according to the second
coordinate system, an output layer for outputting a result
indicating a location value corresponding to the first coordi-
nate system, and a hidden layer having a plurality of nodes
connecting the input layer and the output layer and may be
trained by adjusting weight values of the plurality of nodes
using a location and a velocity which correspond to the sec-
ond coordinate system and which are labeled with the loca-
tion corresponding to the first coordinate system.

[0010] A player tracking method according to the present
disclosure may include receiving a sensor signal from a
positioning sensor located on a sport participant, acquiring
a positioning sensor-based location on the basis of the sen-
sor signal, verifying the positioning sensor-based location
on the basis of a in the positioning sensor-based
location compared to the previous positioning sensor-
based location, determining a location of the sport partici-
pant on the basis of the positioning sensor-based location
when the positioning sensor-based location is valid, acquir-
ing a sport image captured by a camera located near a play-
field when the positioning sensor-based location is invalid,
wherein the sport image includes a sport participant on the
playfield, predicting the validity of an image-based location
acquired by projecting a pixel of the sport participant in the
sport image onto a reference plane having the same height as
the playfield, wherein the predicting includes at least one of
detecting an occlusion related to the sport participant,
detecting a vertical movement related to the sport partici-
pant, and computing a [§iElag in the image-based location
compared to the previous image-based location, acquiring
the image-based location on the basis of a pixel location of
the sport participant in the sport image and determining the
location of the sport participant on the basis of the image-
based location when the image-based location is predicted
to be valid, and determining the location of the sport parti-
cipant on the basis of the positioning sensor-based location
when the image-based location is predicted to be invalid.
[0011] A player tracking method according to the present
disclosure may include receiving a sensor signal from a
positioning sensor located on a sport participant, acquiring
a positioning sensor-based location of the sport participant
on the basis of the sensor signal, acquiring a sport image
captured by a camera located near a playfield, wherein the
sport image includes a sport participant on the playfield,
acquiring an image-based location of the sport participant
on the basis of a pixel location of the sport participant in
the sport image, computing a disparity index between the
positioning sensor-based location and the image-based loca-
tion, wherein the disparity index is acquired from a differ-
ence between the positioning sensor-based location and the
image-based location, determining a location of the sport
participant on the basis of a first location, which is one of
the positioning sensor-based location and the image-based
location, when the disparity index is smaller than a prede-
termined first threshold value, acquiring a first reliability
index related to one of the positioning sensor-based location
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and the image-based location when the disparity index is
greater than a predetermined second threshold value, acquir-
ing a second reliability index related to the other one of the
positioning sensor-based location and the image-based loca-
tion, determining the location of the sport participant on the
basis of the first location when the first reliability index is
greater than the second reliability index, and determining
the location of the sport participant on the basis of a second
location, which is the other one of the positioning sensor-
based location and the image-based location when the first
reliability index is smaller than the second reliability index.
[0012] A player tracking method according to the present
disclosure may include receiving a sensor signal from a
positioning sensor located on a sport participant, acquiring
a positioning sensor-based location of the sport participant
on the basis of the sensor signal, acquiring first reliability
information related to reliability of the positioning sensor-
based location, acquiring a sport image captured by a cam-
era located near a playfield, wherein the sport image
includes a sport participant on the playfield, acquiring an
image-based location of the sport participant on the basis
of a pixel location of the sport participant in the sport
image, acquiring second reliability information related to
reliability of the image-based location, wherein the reliabil-
ity of the image-based location is related to at least one of an
occlusion related to the sport participant, a vertical move-
ment related to the sport participant, and a in the
image-based location compared to the previous image-
based location, computing a weight value on the basis of
the first reliability information and the second reliability
information, wherein the weight value includes a sensor-
based weight value and an image-based weight value, and
computing a location of the sport participant, wherein the
location of the sport participant is acquired from the posi-
tioning sensor-based location considering the sensor-based
weight value and the image-based location considering the
image-based weight value.

[0013] A player tracking method according to the present
disclosure may include receiving a sensor signal from a
positioning sensor located on a sport participant, acquiring
a positioning sensor-based location of the sport participant
on the basis of the sensor signal, preparing a reliability map
corresponding to a playfield, wherein the reliability map
includes a plurality of regions having reliability information
including first reliability information related to reliability of
the positioning sensor-based location, acquiring a sport
image captured by a camera located near the playfield,
wherein the sport image includes a sport participant on the
playfield, acquiring an image-based location of the sport
participant on the basis of a pixel location of the sport parti-
cipant in the sport image, determining a specific region
occupied by the sport participant on the basis of the posi-
tioning sensor-based location, determining a first weight
value and a second weight value according to the first relia-
bility information of the specific region; and determining a
location of the sport participant on the basis of a weighted
average of the positioning sensor-based location and the
image-based location computed in consideration of the
first weight value and the second weight value.

[0014] A player tracking method according to the present
disclosure may include receiving a plurality of sport images
from a plurality of cameras installed at different locations
near a playfield, wherein each of the plurality of sport
images includes the playfield and at least some sport parti-
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cipants, detecting a target participant in the plurality of sport
images, selecting at least one candidate image from among
the plurality of sport images according to a result of the
detection of the target participant, detecting an occlusion
related to the target participant in the at least one candidate
image, selecting at least one valid image from the at least
one candidate image according to a result of the detection of
the occlusion, and determining a location of the target parti-
cipant on the basis of a pixel location corresponding to the
target participant in the at least one valid image.

[0015] A player tracking method according to the present
disclosure may include receiving a plurality of sport images
from a plurality of cameras installed at different locations
near a playfield, wherein each of the plurality of sport
images includes the playfield and at least some sport parti-
cipants, detecting a target participant in the plurality of sport
images, selecting at least one candidate image from among
the plurality of sport images according to a result of the
detection of the target participant, detecting an occlusion
related to the target participant in the at least one candidate
image, selecting at least one target image from the at least
one candidate image according to a result of the detection of
the occlusion, determining whether the sport participant
hides another sport participant in the at least one candidate
image or whether the sport participant is hidden by another
sport participant in the at least one candidate image and
selecting the target image from the at least one candidate
image according to the determination when the occlusion
is detected in all of the one or more candidate images, and
determining a location of the target participant on the basis
of a pixel location corresponding to the target participant in
the at least one target image.

[0016] A player tracking method according to the present
disclosure may include acquiring camera arrangement infor-
mation including locations and orientations of a plurality of
cameras located near a playfield, receiving sensor signals
from a plurality of positioning sensors located on a plurality
of sport participants, acquiring locations of the plurality of
sport participants on the basis of the sensor signals, generat-
ing a virtual playfield including a plurality of fixed points
corresponding to the plurality of cameras and a plurality of
moving points corresponding to the plurality of sport parti-
cipants, wherein locations of the plurality of fixed points in
the virtual playfield are determined based on the camera
arrangement information and locations of the plurality of
moving points in the virtual playfield are determined based
on the locations of the plurality of sport participants, com-
puting a relationship between the plurality of sport partici-
pants and the plurality of cameras on the basis of a relative
location between the plurality of fixed points and the plur-
ality of moving points, predicting an occlusion of the plur-
ality of sport participants by the plurality of cameras on the
basis of relative locations between the plurality of moving
points and angles between a plurality of virtual lines extend-
ing from the plurality of fixed points to the plurality of mov-
ing points, and generating a matching table between the
sport participant and the plurality of cameras on the basis
of the occlusion prediction and the relationship.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The above and other objects, features and advan-
tages of the present disclosure will become more apparent to
those of ordinary skill in the art by describing exemplary
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embodiments thereof in detail with reference to the accom-
panying drawings, in which:

[0018] FIG. 1 is a diagram illustrating an exemplary con-
ventional positioning method,;

[0019] FIG. 2 is a diagram illustrating another exemplary
conventional positioning method;

[0020] FIG. 3 is a schematic diagram illustrating a player
tracking system according to an embodiment of the present
disclosure;

[0021] FIG. 4 is a block diagram of a player tracking ser-
ver 1000 according to the present disclosure;

[0022] FIGS. 5 to 8 are exemplary diagrams illustrating a
method of the player tracking server determining or detect-
ing whether an occlusion event occurs between a plurality of
players in image data according to an embodiment of the
present disclosure;

[0023] FIG. 9 is an exemplary diagram of a method of
determining the validity of a player’s location computed
from image data according to the present disclosure;

[0024] FIG. 10 is an exemplary diagram illustrating a
method of determining the validity of a player’s location
computed from image data according to the present
disclosure;

[0025] FIG. 11 is an exemplary diagram of a method of
determining the validity of a player’s location computed
from positioning sensor data according to the present
disclosure;

[0026] FIG. 12 is an exemplary diagram illustrating a
method of determining the validity of a player’s location
computed from positioning sensor data according to the pre-
sent disclosure;

[0027] FIG. 13 is a diagram illustrating that an artificial
neural network is trained to convert a location in a first coor-
dinate system related to positioning sensor data into a loca-
tion in a second coordinate system related to image data;
[0028] FIG. 14 is a diagram illustrating that a location in
the first coordinate system related to positioning sensor data
is converted to a location in the second coordinate system
related to image data using the trained artificial neural
network;

[0029] FIG. 15 is a diagram illustrating an exemplary
method of a player tracking server determining a player’s
location according to an embodiment of the present
disclosure;

[0030] FIG. 16 is a flowchart illustrating a player tracking
method according to an embodiment of the present
disclosure;

[0031] FIG. 17 is a flowchart illustrating the player track-
ing method according to an embodiment of the present dis-
closure and is a diagram illustrating operation S1300 of FIG.
16 in detail;

[0032] FIG. 18 is a flowchart illustrating a training process
for an artificial neural network related to a coordinate con-
version algorithm according to an embodiment of the pre-
sent disclosure;

[0033] FIG. 19 is a flowchart illustrating a player tracking
method through coordinate conversion using the trained
artificial neural network;

[0034] FIG. 20 is a flowchart illustrating a player tracking
method according to an embodiment of the present
disclosure;

[0035] FIG. 21 is a flowchart illustrating the player track-
ing method according to an embodiment of the present dis-
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closure and is a diagram illustrating operation S4300 of FIG.
20 in detail;

[0036] FIG. 22 is a flowchart illustrating a player tracking
method according to an embodiment of the present
disclosure;

[0037] FIG. 23 is an example diagram of a first reliability
map according to an embodiment of the present disclosure;
[0038] FIG. 24 is an example diagram of a second relia-
bility map according to an embodiment of the present
disclosure;

[0039] FIG. 25 is a flowchart illustrating a player tracking
method according to an embodiment of the present
disclosure;

[0040] FIG. 26 is a schematic diagram showing a player
tracking system utilizing a plurality of image capture
devices according to an embodiment of the present
disclosure;

[0041] FIG. 27 is a diagram illustrating an exemplary pro-
cess of selecting a valid image according to an embodiment
of the present disclosure;

[0042] FIG. 28 is a flowchart illustrating a player tracking
system using a plurality of image capture devices according
to an embodiment of the present disclosure;

[0043] FIG. 29 is an exemplary diagram showing a virtual
playfield according to an embodiment of the present
disclosure;

[0044] FIG. 30 is a flowchart illustrating a player tracking
method using a plurality of image capture devices according
to an embodiment of the present disclosure; and

[0045] FIG. 31 is a schematic diagram illustrating a
method of computing a sport participant’s location through
a player tracking method using a plurality of image capture
devices according to an embodiment of the present
disclosure.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0046] The above objects, features, and advantages of the
present disclosure will become more apparent from the fol-
lowing detailed description taken in conjunction with the
accompanying drawings. However, since the present disclo-
sure may be variously modified and have several exemplary
embodiments, specific exemplary embodiments will be
shown in the accompanying drawings and described in
detail.

[0047] Like reference numerals refer to like elements
throughout the specification. Further, like reference numer-
als will be used to designate like elements within the same
scope shown in the drawings of the embodiments, and a
relevant description thereof will be omitted.

[0048] Detailed descriptions about well-known functions
or configurations associated with the present disclosure will
be omitted in order not to unnecessarily obscure the subject
matter of the present disclosure. It should also be noted that,
even though ordinal numbers (such as first and second) are
used in the following description, they are used only to dis-
tinguish similar elements.

[0049] The suffixes “module” and “unit” for elements
used in the following embodiments are given or used fse
only for facilitation of preparing this specifica-
tion, and thus they are not assigned a specific meaning or
function.
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[0050] As used herein, the singular forms an,” and
“one” are intended to include the plural forms as well,
unless the context clearly indicates otherwise.

[0051] It should be further understood that the terms
“comprises” and/or “comprising” used herein specify the
presence of stated features or components, but do not pre-
clude the presence or addition of one or more other features
or components.

[0052] Additionally, the sizes of components depicted in
the drawings may be exaggerated or reduced for conveni-
ence of description. For example, since the sizes and thick-
nesses of components in the drawings are arbitrarily illu-
strated for convenience of description, the following
embodiments are not limited thereto.

[0053] When a certain embodiment may be implemented
differently, a specific process order may be performed dif-
ferently from the described order. For example, two conse-
cutively described processes may be performed substan-
tially at the same time or performed in the order opposite
to the described order.

[0054] In the following embodiments, when elements are
connected to each other, the elements are connected to each
other not only directly but also indirectly with other ele-
ments interposed therebetween.

[0055] For example, in the following embodiments, when
elements are connected to each other, the ele-
ments are connected to each other not only
directly but also indirectly with other elements interposed
therebetween.

[0056] A player tracking method according to the present
disclosure may include receiving sensor signals from a plur-
ality of positioning sensors located on a plurality of sport
participants wherein the sensor signals each include a parti-
cipant identifier and location data, receiving a sport image
captured by a camera located near a playfield wherein the
sport image includes at least a target participant among the
plurality of sport participants on the playfield, detecting an
occlusion related to the target participant in the sport image,
determining the severity of the occlusion on the basis of
sensor signals received from specific positioning sensors
installed on specific sport players located in a region of
interest related to the occlusion, determining a location of
the sport participant on the basis of a pixel location related
to the target participant in the sport image when it is not
determined that the severity of the occlusion is greater
than a threshold value, and determining a location of the
sport participant on the basis of location data of a sensor
signal having a participant identifier indicating the target
participant when it is determined that the severity of the
occlusion is greater than the threshold value.

[0057] The region of interest may be a predetermined
region for the target participant associated with the occlu-
sion, and the determining of the severity may include deter-
mining the severity of the occlusion on the basis of the num-
ber of sensor signals located in the region of interest.
[0058] The determining of the severity may include
assigning a value indicating a severe occlusion for the sever-
ity when the number of sensor signals is greater than the
threshold value and assigning a value indicating a mild
occlusion for the severity when the number of sensor signals
is smaller than the threshold value.

[0059] The determining of the severity may further
include acquiring team information indicating whether the
target participant is on the same team as at least one sport
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participant different from the target participant on the basis
of a participant identifier corresponding to the target partici-
pant and the sport participant, and the sport participant may
hide or be hidden by the target participant.

[0060] The determining of the severity may include
assigning the value indicating the severe occlusion for the
severity when the target participant and the sport participant
are on the same team and assigning the value indicating the
mild occlusion for the severity when the target participant
and the sport participant are on different teams.

[0061] The team information may be acquired from pixel
data corresponding to the target participant and the sport
participant in the sport image.

[0062] A player tracking method according to the present
disclosure may include acquiring image-based location data
indicating a first location of a sport participant defined in a
first coordinate system from a sport image which is captured
by a camera located near a playfield and which includes
sport participants on the playfield, wherein the image-
based location data is acquired based on a pixel location
related to the sport participant in the sport image, detecting
an occlusion event related to the sport participant in the
sport image, verifying the image-based location data on
the basis of a result of the detection, acquiring a positioning
sensor-based location indicating a second location of the
sport participant defined in a second coordinate system on
the basis of a sensor signal acquired from a positioning sen-
sor located on the sport participant, acquiring a positioning
sensor-based velocity indicating a velocity of the sport par-
ticipant defined in the second coordinate system on the basis
of the second location or the sensor signal, preparing a
neural network for converting a location in the second coor-
dinate system to the first coordinate system, wherein the
neural network includes an input layer for receiving a loca-
tion and a velocity corresponding to the second coordinate
system, an output layer for outputting a result indicating a
location value, and a hidden layer having a plurality of
nodes connecting the input layer and the output layer, pre-
paring a training set, wherein the training set includes
image-based location data determined to be valid and posi-
tioning sensor-based velocity data and positioning sensor-
based location data corresponding to the image-based loca-
tion data determined to be valid; and training the neural net-
work using the training set by inputting the positioning sen-
sor-based location data and positioning sensor-based
velocity data of the training set to the input layer and adjust-
ing weight values of the nodes on the basis of a difference
between the location value of the result and the image-based
location data corresponding to the input positioning sensor-
based location data and positioning sensor-based velocity
data.

[0063] The verifying may include determining that the
image-based location data is valid when the occlusion
event is not detected and determining that the image-based
location data is invalid when the occlusion event is detected.
[0064] The occlusion event may indicate that the number
of sensor signals of at least one sport participant in a region
of interest related to the occlusion is greater than a threshold
value, and the region of interest may be a predetermined
region for a region where the occlusion has occurred.
[0065] A player tracking method according to the present
disclosure may include receiving a sport image captured by
a camera located near a playfield, wherein the sport image
includes a sport participant on the playfield, receiving a sen-
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sor signal from a positioning sensor installed on the sport
participant, detecting an occlusion event related to the
sport participant in the sport image, determining a location
of the sport participant on the basis of image-based location
data indicating a location defined in a first coordinate system
when the occlusion event is not detected, acquiring a posi-
tioning sensor-based location indicating a location defined
in a second coordinate system on the basis of the sensor
signal when the occlusion event is detected, acquiring a
positioning sensor-based velocity indicating a velocity
defined in the second coordinate system on the basis of the
sensor signal or the positioning sensor-based location, and
determining the location of the sport participant defined in
the first coordinate system from the positioning sensor-
based location and the positioning sensor-based velocity
using a neural network for converting the location in the
second coordinate system to the first coordinate system,
wherein the neural network may include an input layer for
receiving a location and a velocity according to the second
coordinate system, an output layer for outputting a result
indicating a location value corresponding to the first coordi-
nate system, and a hidden layer having a plurality of nodes
connecting the input layer and the output layer and may be
trained by adjusting weight values of the plurality of nodes
using a location and a velocity which correspond to the sec-
ond coordinate system and which are labeled with the loca-
tion corresponding to the first coordinate system.

[0066] A player tracking method according to the present
disclosure may include receiving a sensor signal from a
positioning sensor located on a sport participant, acquiring
a positioning sensor-based location on the basis of the sen-
sor signal, verifying the positioning sensor-based location
on the basis of a in the positioning sensor-based
location compared to the previous positioning sensor-
based location, determining a location of the sport partici-
pant on the basis of the positioning sensor-based location
when the positioning sensor-based location is valid, acquir-
ing a sport image captured by a camera located near a play-
field when the positioning sensor-based location is invalid,
wherein the sport image includes a sport participant on the
playfield, predicting the validity of an image-based location
acquired by projecting a pixel of the sport participant in the
sport image onto a reference plane having the same height as
the playfield, wherein the predicting includes at least one of
detecting an occlusion related to the sport participant,
detecting a vertical movement related to the sport partici-
pant, and computing a iRy in the image-based location
compared to the previous image-based location, acquiring
the image-based location on the basis of a pixel location of
the sport participant in the sport image and determining the
location of the sport participant on the basis of the image-
based location when the image-based location is predicted
to be valid, and determining the location of the sport parti-
cipant on the basis of the positioning sensor-based location
when the image-based location is predicted to be invalid.
[0067] The verifying of the sensor-based location may
include determining that the sensor-based location is invalid
when the in the positioning sensor-based location
compared to the previous positioning sensor-based location
is greater than a predetermined threshold value and deter-
mining that the sensor-based location is valid when the
in the positioning sensor-based location compared
to the previous positioning sensor-based location is smaller
than a predetermined threshold value.
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[0068] The verifying of the positioning sensor-based loca-
tion may include further considering sensor signal reliabil-
ity-related information included in the sensor signal.

[0069] The sensor signal reliability-related information
included in the sensor signal may include at least one of a
degree of polarization (DoP) and a signal-to-noise ratio
(SNR).

[0070] The vertical movement related to the sport partici-
pant may be detected based on a movement of the sport
participant in a direction perpendicular to the reference
plane acquired from an inertial sensor worn by the sport
participant.

[0071] A player tracking method according to the present
disclosure may include receiving a sensor signal from a
positioning sensor located on a sport participant, acquiring
a positioning sensor-based location of the sport participant
on the basis of the sensor signal, acquiring a sport image
captured by a camera located near a playfield, wherein the
sport image includes a sport participant on the playfield,
acquiring an image-based location of the sport participant
on the basis of a pixel location of the sport participant in
the sport image, computing a disparity index between the
positioning sensor-based location and the image-based loca-
tion, wherein the disparity index is acquired from a differ-
ence between the positioning sensor-based location and the
image-based location, determining a location of the sport
participant on the basis of a first location, which is one of
the positioning sensor-based location and the image-based
location, when the disparity index is smaller than a prede-
termined first threshold value, acquiring a first reliability
index related to one of the positioning sensor-based location
and the image-based location when the disparity index is
greater than a predetermined second threshold value, acquir-
ing a second reliability index related to the other one of the
positioning sensor-based location and the image-based loca-
tion, determining the location of the sport participant on the
basis of the first location when the first reliability index is
greater than the second reliability index, and determining
the location of the sport participant on the basis of a second
location, which is the other one of the positioning sensor-
based location and the image-based location when the first
reliability index is smaller than the second reliability index.
[0072] A player tracking method according to the present
disclosure may include receiving a sensor signal from a
positioning sensor located on a sport participant, acquiring
a positioning sensor-based location of the sport participant
on the basis of the sensor signal, acquiring first reliability
information related to the reliability of the positioning sen-
sor-based location, acquiring a sport image captured by a
camera located near a playfield, wherein the sport image
includes a sport participant on the playfield, acquiring an
image-based location of the sport participant on the basis
of a pixel location of the sport participant in the sport
image, acquiring second reliability information related to
the reliability of the image-based location, wherein the relia-
bility of the image-based location is related to at least one of
an occlusion related to the sport participant, a vertical move-
ment related to the sport participant, and a in the
image-based location compared to the previous image-
based location, computing a weight value on the basis of
the first reliability information and the second reliability
information, wherein the weight value includes a sensor-
based weight value and an image-based weight value, and
computing a location of the sport participant, wherein the
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location of the sport participant is acquired from the posi-
tioning sensor-based location considering the sensor-based
weight value and the image-based location considering the
image-based weight value.

[0073] A player tracking method according to the present
disclosure may include receiving a sensor signal from a
positioning sensor located on a sport participant, acquiring
a positioning sensor-based location of the sport participant
on the basis of the sensor signal, acquiring first reliability
information related to the reliability of the positioning sen-
sor-based location, acquiring a sport image captured by a
camera located near a playfield, wherein the sport image
includes a sport participant on the playfield, acquiring an
image-based location of the sport participant on the basis
of a pixel location of the sport participant in the sport
image, acquiring second reliability information related to
the reliability of the image-based location, wherein the relia-
bility of the image-based location is related to at least one of
an occlusion related to the sport participant, a vertical move-
ment related to the sport participant, and a in the
image-based location compared to the previous image-
based location, computing an weight value on the basis of
the first reliability information and the second reliability
information, wherein the weight value includes a sensor-
based weight value and an image-based weight value, and
computing a location of the sport participant, wherein the
location of the sport participant is acquired from the posi-
tioning sensor-based location considering the sensor-based
weight value and the image-based location considering the
image-based weight value.

[0074] The reliability of the positioning sensor-based
location may be related to at least one of the computed
in the positioning sensor-based location compared
to the previous positioning sensor-based location and the
sensor signal reliability-related information included in the
sensor signal.

[0075] The vertical movement related to the sport partici-
pant may be detected based on a movement of the sport
participant which is in a direction perpendicular to the refer-
ence plane with the same height as the playfield and which is
acquired from an inertial sensor worn by the sport
participant.

[0076] The reliability of the positioning sensor-based
location and the reliability of the image-based location
may be related to a disparity index between the positioning
sensor-based location and the image-based location, and the
disparity index may be acquired from a difference between
the positioning sensor-based location and the image-based
location.

[0077] A player tracking method according to the present
disclosure may include receiving a sensor signal from a
positioning sensor located on a sport participant, acquiring
a positioning sensor-based location of the sport participant
on the basis of the sensor signal, preparing a reliability map
corresponding to a playfield, wherein the reliability map
includes a plurality of regions having reliability information
including first reliability information related to the reliabil-
ity of the positioning sensor-based location, acquiring a
sport image captured by a camera located near the playfield,
wherein the sport image includes a sport participant on the
playfield, acquiring an image-based location of the sport
participant on the basis of a pixel location of the sport parti-
cipant in the sport image, determining a specific region
occupied by the sport participant on the basis of the posi-
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tioning sensor-based location; determining a first weight
value and a second weight value according to the first relia-
bility information of the specific region; and determining a
location of the sport participant on the basis of a weighted
average of the positioning sensor-based location and the
image-based location computed in consideration of the
first weight value and the second weight value.

[0078] The first reliability information related to the relia-
bility of the positioning sensor-based location may be
related to at least one of the computed in the posi-
tioning sensor-based location compared to the previous
positioning sensor-based location and the sensor signal
reliability-related information included in the sensor signal.
[0079] The reliability map may include a plurality of
regions having reliability information including second
reliability information related to the reliability of the
image-based location.

[0080] The second reliability information related to the
reliability of the image-based location may be related to at
least one of a detected occlusion related to the sport partici-
pant, a detected vertical movement related to the sport par-
ticipant, and a computed [itRg in the image-based location
compared to the previous image-based location.

[0081] The first weight value and the second weight value
may be determined according to the second reliability infor-
mation of the specific region.

[0082] A player tracking method according to the present
disclosure may include receiving a plurality of sport images
from a plurality of cameras installed at different locations
near a playfield, wherein each of the plurality of sport
images includes the playfield and at least some sport parti-
cipants, detecting a target participant in the plurality of sport
images, selecting at least one candidate image from among
the plurality of sport images according to a result of the
detection of the target participant, detecting an occlusion
related to the target participant in the at least one candidate
image, selecting at least one valid image from the at least
one candidate image according to a result of the detection of
the occlusion, and determining a location of the target parti-
cipant on the basis of a pixel location corresponding to the
target participant in the at least one valid image.

[0083] When the at least one valid image includes a first
valid image and a second valid image, the determining of
the location of the target participant may include acquiring
a first location of the target participant on the basis of a pixel
location corresponding to the target participant in the first
valid image, acquiring a second location of the target parti-
cipant on the basis of a pixel location corresponding to the
target participant in the second valid image, and computing
a location of the target participant on the basis of both of the
first location and the second location.

[0084] The determining of the location of the target parti-
cipant may include selecting a single image from the at least
one valid image on the basis of a first condition related to a
relative location between the target participant and a camera
that captures the at least one valid image and a second con-
dition related to a lens distortion parameter of the camera
that captures the at least one valid image and computing a
location of the target participant on the basis of the single
image.

[0085] A player tracking method according to the present
disclosure may include receiving a plurality of sport images
from a plurality of cameras installed at different locations
near a playfield, wherein each of the plurality of sport
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images includes the playfield and at least some sport parti-
cipants, detecting a target participant in the plurality of sport
images, selecting at least one candidate image from among
the plurality of sport images according to a result of the
detection of the target participant, detecting an occlusion
related to the target participant in the at least one candidate
image, selecting at least one target image from the at least
one candidate image according to a result of the detection of
the occlusion, determining whether the sport participant
hides or is hidden by another sport participant in the at
least one candidate image and selecting the target image
from the at least one candidate image according to the deter-
mination when the occlusion is detected in all of the one or
more candidate images, and determining a location of the
target participant on the basis of a pixel location correspond-
ing to the target participant in the at least one target image.
[0086] The at least one target image may be selected from
among the at least one candidate image in which the sport
participant hides the other sport participant in the at least
one candidate image.

[0087] When the at least one target image includes a first
target image and a second target image, the determining of
the location of the target participant may include acquiring a
first location of the target participant on the basis of a pixel
location corresponding to the target participant in the first
target image, acquiring a second location of the target parti-
cipant on the basis of a pixel location corresponding to the
target participant in the second target image, and computing
a location of the target participant on the basis of both of the
first location and the second location.

[0088] The determining of the location of the target parti-
cipant may include selecting a single image from the at least
one target image on the basis of a first condition related to a
relative location between the target participant and a camera
that captures the at least one target image and a second con-
dition related to a lens distortion parameter of the camera
that captures the at least one target image and computing a
location of the target participant on the basis of the single
image.

[0089] A player tracking method according to the present
disclosure may include acquiring camera arrangement infor-
mation including locations and orientations of a plurality of
cameras located near a playfield, receiving sensor signals
from a plurality of positioning sensors located on a plurality
of sport participants, acquiring locations of the plurality of
sport participants on the basis of the sensor signals, generat-
ing a virtual playfield including a plurality of fixed points
corresponding to the plurality of cameras and a plurality of
moving points corresponding to the plurality of sport parti-
cipants, wherein locations of the plurality of fixed points on
the virtual playfield are determined based on the camera
arrangement information and locations of the plurality of
moving points on the virtual playfield are determined
based on the locations of the plurality of sport participants,
computing a relationship between the plurality of sport par-
ticipants and the plurality of cameras on the basis of a rela-
tive location between the plurality of fixed points and the
plurality of moving points, predicting an occlusion of the
plurality of sport participants by the plurality of cameras
on the basis of relative locations between the plurality of
moving points and angles between a plurality of virtual
lines extending from the plurality of fixed points to the plur-
ality of moving points, and generating a matching table
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between the sport participant and the plurality of cameras on
the basis of the occlusion prediction and the relationship.
[0090] The following description will refer to FIG. 1. FIG.
1 is a diagram showing an exemplary conventional position-
ing method. Specifically, FIG. 1 shows a specific situation of
a positioning method that computes a point where a player is
located for an image captured through a camera.

[0091] According to a video-based positioning method,
only when a player to be tracked is recognized in a video
can the player’s location be accurately computed.

[0092] For example, a player located in a first region 10 of
FIG. 1 may be recognized, and thus the player’s location can
be computed for tracking.

[0093] However, a player located in a second region 12 of
FIG. 1 may be difficult to recognize because an occlusion
event occurs. Specifically, since a plurality of players are
concentrated in the second region 12, an occlusion in
which a player to be tracked is covered by another player
in a video may occur. Therefore, the location of the player to
be tracked may not be accurately acquired because the
player is hidden by another player.

[0094] In other words, the video-based positioning
method may not be able to cope with the occlusion situation
in which a player to be tracked is hidden by another player in
a video.

[0095] The following description will refer to FIG. 2. FIG.
2 is a diagram illustrating another exemplary conventional
positioning method. Specifically, FIG. 2 is a diagram show-
ing a positioning method that computes a point where a
player is located using positioning instruments such as a
GPS module.

[0096] Specifically, a GPS module-based positioning
method computes a location of a player to be tracked
depending on a signal transmitted from a satellite. However,
signals transmitted from satellites may be greatly affected
by structures around the player to be tracked.

[0097] For example, GPS signals transmitted from some
satellites 24 and 26 of FIG. 2 may be transmitted to the
inside of a stadium without being affected by the structures
around the player to be tracked. However, GPS signals
transmitted from some satellites 22 and 28 of FIG. 2 may
not be able to reach the inside of the stadium due to the
influence of the structures around the player to be tracked.
At this time, when the GPS signals transmitted from some
satellites 22 and 28 are affected by the surrounding struc-
tures, there may be an error in the player’s location com-
puted from the GPS signals.

[0098] Also, since the degree to which a GPS signal is
affected by surrounding structures is different for each
region of a playfield in the stadium, the GPS module-based
positioning method has a problem in that reliability is dif-
ferent for each region of the playfield in the stadium.
[0099] Herein, a player tracking device, a player tracking
system, and a player tracking method for overcoming the
limitations of the positioning method using videos or the
positioning method using positioning instruments such as a
GPS module or a local positioning system (LPS) module
will be described.

[0100] The player tracking device, the player tracking sys-
tem, and the player tracking method of the present disclo-
sure will be described below. Here, player tracking may be
performed using positioning sensor data obtained from a
positioning sensor mounted on a player or image data
acquired through at least one camera. The present disclosure
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discloses a technique of fusing the above-described data or a
technique of using multiple pieces of image data in order to
improve the accuracy of the player’s location calculated
from such basic data.

[0101] The player tracking method, the player tracking
device, and the player tracking system according to an
embodiment of the present disclosure will be described
below.

[0102] Player tracking according to this embodiment may
be performed using both image data and positioning sensor
data. Player tracking using image data may compute a
player’s location on the basis of pixel data related to the
player’s location in image data, and player tracking using
positioning sensor data may compute a player’s location
on the basis of data such as latitude and longitude related
to the player’s location included in the positioning sensor
data. In this case, when the player tracking using the
image data is incorrect, the player tracking may be supple-
mented by the positioning sensor data. When the player
tracking using the positioning sensor data is incorrect, the
player tracking may be supplemented by the image data.
[0103] FIG. 3 is a schematic diagram illustrating the
player tracking device, the player tracking system, and the
player tracking method according to an embodiment of the
present disclosure.

[0104] Referring to FIG. 3, the player tracking device, the
player tracking system, and the player tracking method
according to this embodiment may include tracking a
player’s location using both image data and positioning sen-
sor data.

[0105] A player tracking system 100 according to an
embodiment of the present disclosure will be described
below with reference to FIG. 3.

[0106] Referring to FIG. 3, the player tracking system 100
may include a positioning sensor device 200, an image cap-
ture device 300, an intermediate server 400, and a player
tracking device 1000.

[0107] The positioning sensor device 200 of the player
tracking system 100 may be a positioning instrument such
as a GPS module and an LPS module.

[0108] As an example, the positioning sensor device 200
may be a GPS module 210, and the GPS module may
receive radio waves transmitted from a satellite in associa-
tion with the Global Navigation System (GNSS) and trans-
mit data on the location of the positioning sensor device 200
to the player tracking device 1000.

[0109] As another example, the positioning sensor device
200 may be an LPS module 220, and the LPS module may
receive radio waves transmitted from a beacon 4 in associa-
tion with an LPS and transmit data regarding the location of
the positioning sensor device 200. The beacon 4 may be
placed in the vicinity of the playfield and in various
locations.

[0110] The image capture device 300 of the player track-
ing system 100 may be a camera having any suitable form
and function. The image capture device 300 may transmit
image data acquired by capturing a sport participant 1, a
playfield line 2, and a playfield 3 to the player tracking
device 1000.

[0111] The player tracking device 1000 of the player
tracking system 100 may acquire image data and positioning
sensor data. Also, the player tracking device 1000 may
acquire an image-based location from the image data and
may acquire a positioning sensor-based location from the
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positioning sensor data. Also, the player tracking device
1000 may determine the validity of the image-based loca-
tion and the positioning sensor-based location and may
determine a location of a sport participant with high
accuracy.

[0112] The player tracking device 1000 may be implemen-
ted as a server device of any suitable type. Hereinafter, the
player tracking device 1000 is referred to as the player track-
ing server 1000. However, this is just for convenience of
description, and the player tracking device 1000 is not
necessarily implemented in the form of a server.

[0113] Meanwhile, the player tracking system 100 may
further include an intermediate server 400 or a repeater. In
other words, the player tracking server 1000 of the player
tracking system 100 may be provided in a single form or
may be provided in a separate form rather than in the single
form.

[0114] In this case, data transmitted from the positioning
sensor device 200 and the image capture device 300 may be
transmitted directly to the player tracking server 1000 and
may also be transmitted indirectly to the player tracking ser-
ver 1000 via the intermediate server 400. When data is
transmitted via the intermediate server 400, the data may
be transferred to a portable device 420 through a
docking station 410. Also, the data may be transferred from
the portable [Nty device 420 to the player tracking ser-
ver 1000 using any appropriate communication method.
[0115] The player tracking server 1000 according to an
embodiment of the present disclosure will be described
below.

[0116] According to an embodiment of the present disclo-
sure, the player tracking server 1000 may acquire image
data from the image capture device 300 in order to deter-
mine a location of a sport participant. Also, the player track-
ing server 1000 may acquire positioning sensor data from a
positioning sensor device in order to determine a location of
a sport participant. Also, the player tracking server 1000
may compute an image-based location from the acquired
image data. Also, the player tracking server 1000 may com-
pute a positioning sensor-based location from the acquired
positioning sensor data. Also, the player tracking server
1000 may determine the location of the sport participant
on the basis of the computed image-based location and posi-
tioning sensor-based location.

[0117] The following description will refer to FIG. 4. FIG.
4 is a block diagram of the player tracking server 1000
according to an embodiment of the present disclosure.
[0118] Referring to FIG. 4, the player tracking server 1000
may include a communication module 1100, a memory
1200, and a controller 1300.

[0119] Components of the player tracking server 1000
according to an embodiment of the present disclosure will
be described below.

[0120] The communication module 1100 may communi-
cate with an external apparatus. The player tracking server
1000 may transmit or receive data to or from an external
server including the image capture device 300, the position-
ing sensor device 200, or the intermediate server 400
through the communication module 1100.

[0121] For example, the player tracking server 1000 may
receive image data acquired from the image capture device
300 or positioning sensor data acquired from the positioning
sensor device 200 through the communication module 1100.
As another example, the player tracking server 1000 may
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access the Internet through the communication module
1100 to upload the image data or the positioning sensor data.
[0122] The communication module 1100 is largely
divided into a wired-type module and a wireless-type mod-
ule. Since the wired-type module and the wireless-type
module each have advantages and disadvantages, in some
cases, the player tracking server 1000 may be provided
with both of the wired-type module and the wireless-type
module.

[0123] Here, the wired-type module may use, for example,
local area network (LAN) or universal serial bus (USB)
communication or other schemes.

[0124] Also, here, the wireless-type module may mainly
use a wireless personal area network (WPAN)-based com-
munication scheme such as Bluetooth or Zigbee. However,
since a wireless communication protocol is not limited
thereto, the wireless-type communication module may use
a wireless local area network (WLAN)-based communica-
tion scheme such as Wi-Fi or other known communication
schemes.

[0125] The memory 1200 may store various kinds of
information. Various kinds of data may be temporarily or
semi-permanently stored in the memory 1200. Examples
of the memory 1200 may include a hard disk drive (HDD),
a solid-state drive (SSD), a flash memory, a read-only mem-
ory (ROM), a random access memory (RAM), etc.

[0126] The memory 1200 may be built into, or detachable
from, the player tracking server 1000. Various kinds of data
needed for the operation of the player tracking server 1000,
in addition to an operating system (OS) for driving the
player tracking server 1000 or a program for operating the
components of the player tracking server 1000, may be
stored in the memory 1200. For example, image data
acquired in the form of an intensity map and an RGB map
from the image capture device 300 and positioning sensor
data acquired from the positioning sensor device 200 may be
stored in the memory 1200.

[0127] The controller 1300 may control the overall opera-
tion of the player tracking server 1000. For example, the
controller 1300 may load a program for the operating of
the player tracking server 1000 from the memory 1200 and
execute the program.

[0128] The controller 1300 may be implemented as a cen-
tral processing unit (CPU) or the like with hardware, soft-
ware, or a combination thereof. The controller 1300 may be
provided in the form of an circuit for processing
an signal to perform a control function when
implemented with hardware and may be provided in the
form of a program or code for driving a hardware circuit
when implemented with software.

[0129] Some operations performed by an example of the
player tracking system 100 in association with the player
tracking method will be described in detail below.

[0130] The player tracking system 100 according to an
embodiment of the present disclosure may acquire image
data and positioning sensor data.

[0131] The player tracking server 1000 may acquire image
data and positioning sensor data. Specifically, the player
tracking server 1000 may acquire image data from the
image capture device 300 through the communication mod-
ule 1100. Also, the player tracking server 1000 may acquire
information related to the image capture device 300 from the
image capture device 300 through the communication mod-
ule 1100. Also, the player tracking server 1000 may acquire
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positioning sensor data from the positioning sensor device
200 through the communication module 1100.

[0132] The image data may include pixel information
related to a plurality of sport participants, playfield lines,
playfield points, a ball, and the like of a sport game and
sport game progress information (elapsed time, image data
capture time, and the like).

[0133] The information related to the image capture
device 300 may include arrangement information related
to the orientation and location of a camera. Alternatively,
among the information related to the image capture device
300, the arrangement information related to the location of
the camera may be acquired by the player tracking server
1000 with any appropriate method.

[0134] The positioning sensor data may include location-
related data of a positioning sensor device and reliability-
related data of a sensor signal.

[0135] The player tracking system 100 according to an
embodiment of the present disclosure may resample the
image data or remove noise.

[0136] Specifically, the player tracking server 1000 may
be controlled to perform an operation of resampling the
image data. Specifically, the player tracking server 1000
may perform an operation of resampling the image data at
a specific frame rate. Through the resampling operation of
the player tracking server 1000, the player tracking server
1000 may adjust time synchronization with positioning sen-
sor data, which will be described below. The specific frame
rate may be any suitable frame rate (e.g., 10 frames).
[0137] Also, the player tracking server 1000 may be con-
trolled to perform an operation of removing noise from the
image data. Specifically, image data captured by the image
capture device may have distortion. For example, the image
data may have distortion caused by lens distortion or have
distortion caused by the orientation (angle) of a camera or a
distance from a camera. Therefore, the player tracking ser-
ver 1000 may perform an operation of correcting the above-
described distortions of the image data.

[0138] The player tracking system 100 according to an
embodiment of the present disclosure may perform an
operation of correlating the image data with the positioning
sensor data. Specifically, the player tracking system 100
may adjust time synchronization with the image data and
the positioning sensor data.

[0139] Specifically, the controller 1300 of the player
tracking server 1000 may be provided to correlate the
image data with the positioning sensor data using time vari-
ables. In other words, the controller 1300 of the player track-
ing server 1000 may be implemented to adjust time synchro-
nization between the image data and the positioning sensor
data.

[0140] As an example, the time synchronization between
the image data and the positioning sensor data may be
adjusted based on a specific time point of the sport game.
[0141] In this case, the specific time point of the sport
game may be a characteristic time point of the sport game.
For example, the specific time point of the sport game may
be a start time point of the game.

[0142] Also, when there is a break time in the sport game,
the specific time point of the sport game may be a restart
time point of the sport game. As an example, in the case of
a soccer game, there is a half time between the first half and
the second half, and in this case, the time synchronization
between the image data and the positioning sensor data may
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be adjusted based on the start time of the first half and the
start time of the second half. At the start time point of the
first half and the start time point of the second half, some or
more sport participants start to move, and the velocity of the
sport participants may accordingly. Therefore, the
time synchronization between the image data and the posi-
tioning sensor data may be adjusted in consideration of the
R in locations or velocitys of the sport participants at
the start time of the first half and the start time of the second
half.

[0143] For example, the time synchronization between the
image data and the positioning sensor data may be adjusted
based on a time point at which the velocity data of at least
one sport participant acquired or calculated from the image
data matches the velocity data of at least one sport partici-
pant acquired or calculated from the positioning sensor data.
[0144] In this case, the number of sport participants sub-
ject to a comparison between the velocity data from the
image data and the velocity data from the positioning sensor
data may be any appropriate number. In other words, the
adjustment of the time synchronization through the above-
described comparison of the velocity data may be performed
for all or some of the sport participants.

[0145] As an example, the time synchronization between
the image data and the positioning sensor data may be
adjusted in consideration of a time point at which the velo-
city acquired from the positioning sensor data is
detected. As a specific example, most of the sport partici-
pants start to move a predetermined time after the start
point of the first half or the second half, and thus the velo-
citys of the sport participants may The positioning
sensor device may acquire data related to the [Jagin loca-
tions of the sport participants and may detect a time point at
which the velocity acquired from the data related to
the location 18 started. According to an example, the
time synchronization between the image data and the posi-
tioning sensor data may be adjusted based on a time point
before a specific time point (e.g., more than 0 seconds to less
than 2 seconds) based on the time point at which the velocity
EE is detected.

[0146] In this case, in association with the start time point
of the velocity when in velocity of a pre-
determined threshold number or more of sport participants
are detected, a time point at which the [SiEurey are detected
may be determined as a start time point of the velocity
chinge

[0147]  Also, any suitable calculation method such as the
Wasserstein distance calculation method may be used to
adjust the time synchronization.

[0148] Also, for accuracy, the time synchronization
between the image data and the positioning sensor data
needs to be adjusted not only at the start time point of the
game but also during the game.

[0149] According to an embodiment of the present disclo-
sure, the time synchronization between the image data and
the positioning sensor data may be adjusted based on time
points corresponding to a positional relationship between a
plurality of sport participants acquired from the image data
at an arbitrary time point during the game and a positional
relationship between a plurality of sport participants
acquired from the positioning sensor data.

[0150] As an example, the positioning sensor data may
include an identifier of each of the sport participants, and
location data of at least one sport participant identified
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using the identifier may be acquired from the positioning
sensor data.

[0151] Also, the at least one identified sport participant of
the positioning sensor data may be distinguishable or iden-
tifiable in the image data, and the location data of the at least
one identified sport participant may be acquired from the
image data.

[0152] In this case, a connective relationship between
sport participants may be acquired based on the location
data of the at least one sport participant acquired from the
positioning sensor data, and also a connective relationship
between sport participants may be acquired based on the
location data of the at least one sport participant acquired
from the image data. In this case, the time synchronization
between the image data and the positioning sensor data may
be adjusted based on a time point at which the connective
relationship between the sport participants acquired from
the positioning sensor data and the connective relationship
between the sport participants acquired from the image data
match each other exactly or within an error range. For exam-
ple, the connective relationship between the sport partici-
pants may be expressed as a line or plane connecting the
pieces of location data of the sport participants acquired
from the image data or the positioning sensor data.

[0153] When the connective relationships between the
sport participants are expressed as lines, the time synchro-
nization between the image data and the positioning sensor
data may be adjusted in consideration of whether the lengths
or directions of the lines match each other.

[0154] When the connective relationships between the
sport participants are expressed as planes, the time synchro-
nization between the image data and the positioning sensor
data may be adjusted in consideration of whether the shapes
of figures consisting of the outlines of the planes match each
other.

[0155] The player tracking system 100 according to an
embodiment of the present disclosure may perform appro-
priate data processing such as noise removal, amplification,
and filtering on positioning sensor data acquired from the
positioning sensor device 200. Specifically, the player track-
ing server 1000 may be provided to process the above-
described data processing.

[0156] The player tracking system 100 according to an
embodiment of the present disclosure may the for-
mat of image data. Specifically, the player tracking server
1000 may convert the format of image data received from
the image capture device 300 from an RGB map to an inten-
sity map. In this case, data related to the RGB map may be
stored in the memory 1200 of the player tracking server
1000. Data related to the RGB map of the image data stored
in the memory 1200 of the player tracking server 1000 may
be used by the player tracking server 1000, which will be
described below, to detect an occlusion event between
players or determine the severity of an occlusion event. By
changing the format of image data, image data may be basi-
cally tracked in the form of an intensity map, but data
included in an RGB map may be used only when necessary.
Thus, it is possible to reduce the amount of computation of
the player tracking server 1000. Also, since the amount of
computation is reduced, the computation velocity of player
tracking may increase.

[0157] The player tracking system 100 according to an
embodiment of the present disclosure may recognize and
detect a playfield 3 included in the image data. Specifically,
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the player tracking server 1000 may perform an operation of
recognizing and detecting a playfield included in the image
data in consideration of a reference point of the playfield.
[0158] For example, the player tracking server 1000 may
recognize and detect a playfield included in the image data
in consideration of reference points such as a corner flag, a
half line, a goal line, a touch line, and a penalty mark of the
playfield. However, the above-described reference points
are just examples, and a playfield included in image data
may be recognized and detected in consideration of any
appropriate region, line, point, or the like which is included
in the playfield and which is capable of allowing the play-
field to be recognized and detected.

[0159] The player tracking system 100 according to an
embodiment of the present disclosure may perform an
image stitching operation.

[0160] Specifically, the player tracking server 1000 of the
player tracking system 100 may be provided to perform
image stitching from at least one piece of image data to sin-
gle image data.

[0161] As an example, image data may be acquired from
at least one or more image capture devices disposed at dif-
ferent locations in the vicinity of the playfield. In this case,
the player tracking server 1000 may generate a high-resolu-
tion image and a panoramic image by stitching at least one
or more pieces of image data acquired from at least one or
more image capture devices at the same time point into one
piece of image data. In this case, when one or more pieces of
image data are stitched into one piece of image data, the
image data stitching operation may be performed based on
a reference point included in an overlapping portion
between the pieces of image data. The “reference point”
included in the overlapping portion between the pieces of
image data may be a point such as a penalty mark or a corner
flag included in the image data. The “reference point”
included in the overlapping portion between the pieces of
image data may be a line such as a penalty line, a goal
line, a touch line, or a center line included in the image
data. The “reference point” included in the overlapping por-
tion between the pieces of image data may be a region such
as a center circle included in the image data. However, this
is just an example, and any suitable reference point may be
used to perform a stitching operation between pieces of
image data.

[0162] The player tracking system 100 according to an
embodiment of the present disclosure may acquire an
image-based location from the image data.

[0163] Specifically, the player tracking server 1000 may
analyze the image data to compute a location of a sport par-
ticipant included in the image data.

[0164] As an example, the player tracking server 1000
may convert image data from a perspective view form to a
top view form in order to compute the location of the sport
participant. In this case, the player tracking server 1000 may
consider an installation position of the image capture device
that captures the image data or a relative location between
sport participants acquired by the image capture device in
order to convert coordinates from the perspective view form
to the top view form. Also, the player tracking server 1000
may convert image data in a perspective view form to image
data in a top view form with respect to a plane that is sub-
stantially the same as the playfield.

[0165] Specifically, the player tracking server 1000 may
analyze the image data to compute a location of a sport par-
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ticipant included in the image data in the top view form. For
example, the player tracking server 1000 may compute the
location of the sport participant on the basis of a location of
a pixel corresponding to the sport participant of the top-view
image data. Preferably, the player tracking server 1000 may
compute the location of the sport participant on the basis of
a location of a pixel corresponding to a foot of the sport
participant.

[0166] As described above, although the description was
focused on the player tracking server 1000 computing a
player’s location on the basis of image data in the top
view form, this is just an example. For example, the player
tracking server 1000 may compute a player’s location by
acquiring a location of a pixel corresponding to a sport par-
ticipant (e.g., foot) in image data in a form other than the top
view form (e.g., in the perspective view form) and then pro-
jecting the pixel onto a plane that is substantially the same as
the playfield in consideration of the height and the installa-
tion angle of the image capture device.

[0167] As another example, in tracking the sport partici-
pant by analyzing the image data to compute the location of
the sport participant, various artificial neural networks such
as CSRT, fast RCNN, and Depp sort may be used. However,
the above-described artificial neural network is just an
example, and any suitable algorithm or artificial neural net-
work may be used to track sport participants.

[0168] For example, a sport participant included in image
data may be segmented through the above-described artifi-
cial neural network, and the sport participant may be
detected. When the sport participant is detected, a bounding
box may be generated, and the player tracking server 1000
may compute the location of the sport participant on the
basis of the bounding box. Preferably, the player tracking
server 1000 may compute the location of the sport partici-
pant on the basis of the bottom line of the bounding box.
[0169] As another example, a “foot” of the sport partici-
pant included in the image data may be detected through the
above-described artificial neural network, and the player
tracking server 1000 may compute the location of the sport
participant on the basis of a location of a pixel correspond-
ing to the “foot” of the sport participant.

[0170] The player tracking system 100 according to an
embodiment of the present disclosure may acquire a posi-
tioning sensor-based location from positioning sensor data.
Specifically, the player tracking server 1000 may compute a
player’s location in consideration of data related to the
player’s location included in the positioning sensor data.
For example, the player tracking server 1000 may compute
or acquire a positioning sensor-based location on the basis
of positioning sensor data through triangulation.

[0171] Here, the positioning sensor data may include data
related to the player’s location. Alternatively, the position-
ing sensor-based location may be acquired from data related
to velocity or acceleration included in the positioning sensor
data.

[0172] Also, the player tracking server 1000 may be pro-
vided to compute the velocity or acceleration of the sport
participant from location-related data of the image data
and location-related data of the positioning sensor data
using a mathematical method such as calculus.

[0173] The player tracking system 100 according to an
embodiment of the present disclosure may determine the
validity of the acquired image-based location.
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[0174] Specifically, the player tracking server 1000 may
evaluate the validity of the image-based location of the
player computed from the image data. More specifically,
the player tracking server 1000 may be provided to consider
at least one of the presence of a detected occlusion event, the
severity of an occlusion event, a vertical movement of a
player, and an internal disparity of a player’s location com-
puted from image data in order to evaluate the validity of the
image-based location.

[0175] The following description will refer to FIGS. § to
8. FIGS. 5 to 8 are exemplary views illustrating a method of
the player tracking server 1000 determining or detecting
whether an occlusion event occurs between a plurality of
players in image data according to an embodiment of the
present disclosure.

[0176] As an example, the player tracking server 1000
may evaluate the validity of the player’s location computed
from the image data in consideration of whether an occlu-
sion event is detected between a plurality of players in the
image data. Here, the occlusion event may refer to an event
in which the plurality of players at least partially overlap.
[0177] For example, the player tracking server 1000 may
detect an occlusion event on the basis of image data in the
form of an intensity map or an RGB map. For example, the
player tracking server 1000 may recognize the sport partici-
pants included in the image data on the basis of any suitable
artificial intelligence network as described above, and as a
result of the recognition, a bounding box may be generated
for each sport participant. In this case, the player tracking
server 1000 may determine whether an occlusion has
occurred in consideration of the degree to which the bound-
ing boxes of the plurality of players overlap.

[0178] As an example, a threshold value related to the
overlapping degree of the bounding boxes may be preset,
and the player tracking server 1000 may determine that the
occlusion event has occurred when the overlapping degree
of the bounding boxes of the players exceeds the threshold
value. On the contrary, the player tracking server 1000 may
determine that no occlusion event has occurred when the
bounding boxes of the players do not overlap or when the
overlapping degree of the bounding boxes is less than the
threshold value.

[0179] In detail, the following description will refer to
FIG. §. FIG. 5 is a diagram showing that an occlusion is
detected or determined according to the size or proportion
of an overlapping region between a first bounding box BB1
corresponding to a first sport participant recognized from
image data and a second bounding box BB2 corresponding
to a second sport participant recognized from image data.
[0180] Referring to FIG. SA, there may be a situation
where the first bounding box BB1 and the second bounding
box BB2 overlap. In this case, the player tracking server
1000 may determine that no occlusion event has occurred.
[0181] Referring to FIGS. 5B, 5C, and 5D, there may be a
situation where the first bounding box BB1 and the second
bounding box BB2 partially do not overlap. In this case, the
player tracking server 1000 may determine whether an
occlusion event has occurred on the basis of a first preset
threshold value for the size or proportion of a region
where the first bounding box BB1 and the second bounding
box BB2 overlap.

[0182] For example, FIG. SB may be a diagram showing
that the size or proportion of the region where the first
bounding box BB1 and the second bounding box BB2 over-
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lap is smaller than the first preset threshold value. In this
case, the player tracking server 1000 may determine that
no occlusion event has occurred between the first sport par-
ticipant and the second sport participant.

[0183] As another example, FIG. 5C may be a diagram
showing that the size or proportion of the region where the
first bounding box BB1 and the second bounding box BB2
overlap exceeds the first preset threshold value. In this case,
the player tracking server 1000 may determine that an occlu-
sion event has occurred between the first sport participant
and the second sport participant.

[0184] As described above, it has been described that the
player tracking server 1000 may determine whether an
occlusion event has occurred, but the player tracking server
1000 may determine the severity of the occlusion event
between the first sport participant and the second sport par-
ticipant in additional consideration of a second preset
threshold value.

[0185] For example, FIG. 5C may be a diagram showing
that the size or proportion of the region where the first
bounding box BB1 and the second bounding box BB2 over-
lap is smaller than the second preset threshold value. In
other words, in the case of FIG. 5C, the player tracking ser-
ver 1000 may determine that an occlusion event has
occurred between the first sport participant and the second
sport participant but the severity of the occlusion is not high.
[0186] On the contrary, FIG. 5D may be a diagram show-
ing that the size or proportion of the region where the first
bounding box BB1 and the second bounding box BB2 over-
lap is greater than the first threshold value and the second
threshold value.

[0187] In this case, the player tracking server 1000 may
determine that an occlusion event has occurred between
the first sport participant and the second sport participant
and the severity of the occlusion is high.

[0188] As another example, the player tracking server
1000 may detect an occlusion event on the basis of image
data in the form of an RGB map (or an intensity map). Spe-
cifically, the player tracking server 1000 may detect an
occlusion event using pixel data included in an RGB map
and determine whether the occlusion event has occurred.
[0189] For example, when the sum of the numbers of pix-
els corresponding to a plurality of players included in the
current image data is decreased to below a certain percen-
tage of the sum of the numbers of pixels corresponding to a
plurality of players included in image data when an occlu-
sion event did not occur, the player tracking server 1000
may be implemented to determine that an occlusion event
has occurred. To this end, any suitable threshold percentage
may be preset for the certain percentage.

[0190] In detail, referring to FIG. 6, the player tracking
server 1000 may acquire pixel data related to the first sport
participant and the second sport participant from image data.
In this case, the player tracking server 1000 may detect or
determine whether an occlusion event has occurred between
the first sport participant and the second sport participant in
consideration of pixel data related to the first sport partici-
pant and pixel data related to the second sport participant.
[0191] In detail, FIG. 6A is a diagram showing a plurality
of pieces of pixel data PD1 corresponding to the first sport
participant and a plurality of pieces of pixel data PD2 corre-
sponding to the second sport participant. In this case, the
plurality of pieces of pixel data PD1 corresponding to the
first sport participant and the plurality of pieces of pixel
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data PD2 corresponding to the second sport participant
may not overlap.

[0192] FIG. 6B is a diagram showing a plurality of pieces
of pixel data PD3 obtained by the plurality of pieces of pixel
data PD1 corresponding to the first sport participant and the
plurality of pieces of pixel data PD2 corresponding to the
second sport participant partially overlapping.

[0193] According to a preferred embodiment, FIGS. 6A
and 6B may show a plurality of pieces of pixel data related
to the first sport participant and the second sport participant
acquired from image data corresponding to two adjacent
time points. In this case, the player tracking server 1000
may detect or determine whether an occlusion event has
occurred in consideration of the ratio of the sum of the plur-
ality of pieces of pixel data PD3 of FIG. 6B to the sum of the
plurality of pieces of pixel data PD1 corresponding to the
first sport participant and the plurality of pieces of pixel
data PD2 corresponding to the second sport participant of
FIG. 6A.

[0194] For example, a reference threshold ratio value indi-
cating whether an occlusion event has occurred may be pre-
set for the ratio of the sum of the plurality of pieces of pixel
data PD3 of FIG. 6B to the sum of the plurality of pieces of
pixel data PD1 corresponding to the first sport participant
and the plurality of pieces of pixel data PD2 corresponding
to the second sport participant. In this case, the player track-
ing server 1000 may determine that an occlusion event has
occurred between the first sport participant and the second
sport participant when the ratio of the sum of the plurality of
pieces of pixel data PD3 of FIG. 6B to the sum of the plur-
ality of pieces of pixel data PD1 corresponding to the first
sport participant and the plurality of pieces of pixel data
PD2 corresponding to the second sport participant is smaller
than the reference threshold ratio value.

[0195] However, the above description is just an example,
and any suitable method using pixel data may be used to
determine whether an occlusion event has occurred. Also,
by presetting an additional threshold ratio value, it is
obvious that the player tracking server 1000 can determine
not only the occurrence of the occlusion event but also the
severity of the occlusion event.

[0196] As another example, the player tracking server
1000 may detect an occlusion event on the basis of data
regarding a player’s location included in positioning sensor
data. Specifically, the player tracking server 1000 may
acquire data which is related to locations of a plurality of
players and which is included in positioning sensor data cor-
responding to the plurality of players. In this case, the player
tracking server 1000 may determine whether an occlusion
event has occurred in consideration of the number of players
located within a predetermined radius from a specific player.
Any suitable threshold value may be preset for the number
of players located within the predetermined radius, and the
player tracking server 1000 may determine that an occlusion
event has occurred when the number of players located
within the predetermined radius from the specific player is
greater than the threshold value. On the other hand, when
the number of players located within the predetermined
radius from the specific player is smaller than the threshold
value, the player tracking server 1000 may determine that no
occlusion event has occurred.

[0197] The following description will refer to FIG. 7. FIG.
7 is a diagram showing locations of a plurality of sport
participants.
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[0198] The locations of the plurality of sport participants
may be locations acquired from image data or positioning
sensor data. Preferably, the locations of the plurality of sport
participants may be locations acquired from positioning sen-
sor data. Also, preferably, the locations of the plurality of
sport participants may be locations acquired by performing
coordinate conversion on location-related data included in
the positioning sensor data. In this case, the player tracking
server 1000 may acquire the number of sport participants
located in a region R within a predetermined radius from a
specific location .1 sensor corresponding to a specific sport
participant among locations corresponding to the plurality
of sport participants. Also, the player tracking server 1000
may determine whether an occlusion event has occurred in
consideration of the number of sport participants located in
the region R within the predetermined radius from the spe-
cific location L.1_sensor. For example, a threshold value
may be preset for the number of sport participants located
in the region R within the predetermined radius, and the
player tracking server 1000 may determine that an occlusion
event has occurred when the number of sport participants
located in the region R within the predetermined radius
from the specific location L1 sensor is greater than the
threshold value. On the other hand, when the number of
sport participants located in the region R within the prede-
termined radius from the specific location L1 sensor is smal-
ler than the threshold value, the player tracking server 1000
may determine that no occlusion event has occurred.
[0199] As another example, the player tracking server
1000 may acquire data related to the arrangement and orien-
tation of the image capture device. Also, the player tracking
server 1000 may receive positioning sensor data including
data related to each player’s location from a positioning sen-
sor device 200 worn by the corresponding player. In this
case, the player tracking server 1000 may detect whether
an occlusion has occurred in consideration of positioning
sensor data including the data related to players’ locations
and the data related to the arrangement and orientation of the
image capture device. For example, the player tracking ser-
ver 1000 may detect or determine whether an occlusion has
occurred on the basis of the players’ locations computed
from the positioning sensor data and data related to the
line-of-sight and angle of the image capture device.

[0200] The following description will refer to FIG. 8. FIG.
8 is a diagram showing locations of a plurality of sport par-
ticipants, a virtual point 310 corresponding to the image
capture device 300, and virtual lines 320 and 322 for an
orientation including the line-of-sight of the image capture
device 300.

[0201] The locations of the plurality of sport participants
may be locations acquired from image data or positioning
sensor data. According to a preferred example, locations
L2 sensor and L.3_sensor of the plurality of sport partici-
pants may be locations acquired from the positioning sensor
data. Also, preferably, the locations of the plurality of sport
participants may be locations acquired by performing coor-
dinate conversion on location-related data included in the
positioning sensor data.

[0202] The virtual point 310 corresponding to the image
capture device may be a location acquired from arrangement
information including location information of the image
capture device 300 located near the playfield. According to
a preferred example, the virtual point 310 corresponding to
the image capture device may be a location acquired by per-
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forming coordinate conversion on location-related data of
the image capture device 300.

[0203] Information regarding the orientation of the image
capture device related to the virtual line 320 and information
regarding the line-of-sight of the image capture device
related to the virtual line 322 may be acquired from the
image capture device 300. According to a preferred exam-
ple, the virtual line 322 corresponding to the line-of-sight of
the image capture device may be a virtual line generated by
performing coordinate conversion on the basis of a common
coordinate system with the virtual point 310 or the locations
L2 sensor and L3 sensor of the plurality of sport
participants.

[0204] In this case, the player tracking server 1000 may
detect or determine whether an occlusion has occurred
between a plurality of sport participants in consideration of
the virtual line 322 corresponding to the line-of-sight and
the locations [.2_sensor and L.3_sensor of the plurality of
sport participants. For example, the location L.2_sensor of
a first sport participant may be acquired from positioning
sensor data acquired from positioning sensor devices 210
and 220 of the first sport participant, and the location
L3 _sensor of a second sport participant may be acquired
from positioning sensor data acquired from positioning sen-
sor devices 210 and 220 of the second sport participant. In
this case, when the location L.2_sensor of the first sport par-
ticipant and the location [.3_sensor of the second sport par-
ticipant are substantially collinear with respect to the line of
sight, the player tracking server 1000 may determine that an
occlusion event has occurred between the first sport partici-
pant and the second sport participant.

[0205] As another example, the player tracking server
1000 may be implemented to determine whether an occlu-
sion event has occurred in consideration of whether players
related to the occlusion event are on the same team. Speci-
fically, for the image data and especially image data in the
form of an RGB map, teams of players may be distinguished
on the basis of the similarity of pixels related to uniforms.
Also, since identifiers of individual players are included in
the positioning sensor data, teams of players may be distin-
guished based on the identifiers.

[0206] In this case, when the players related to the occlu-
sion event are on the same team, the player tracking server
1000 may perform an operation of determining that an
occlusion event has occurred. On the other hand, when the
players related to the occlusion event are not on the same
team, the player tracking server 1000 may determine that no
occlusion event has occurred.

[0207] However, this is just an example, the player track-
ing server 1000 may determine that an occlusion event has
occurred even though the players related to the occlusion
event are not on the same team and may additionally evalu-
ate validity related to a player’s location computed from the
image data during an operation of determining the severity
of the occlusion event.

[0208] As another example, the player tracking server
1000 may be provided to detect or determine whether an
occlusion event has occurred in consideration of a situation
during a sport game. Specifically, during a sporting game,
there may be a situation in which a plurality of players are
concentrated, especially a corner kick situation. In this case,
the player tracking server 1000 may recognize such a dense
situation to estimate that an occlusion event has occurred.
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[0209] The above-described occlusion event detection
methods are just examples, and it is obvious that any suita-
ble method for detecting an occlusion event between a plur-
ality of players may be provided to the player tracking ser-
ver 1000 in consideration of a player’s location computed
from image data and positioning sensor data and in an image
in the form of an intensity map or an RGB map.

[0210] As described above, the player tracking server
1000 according to an embodiment of the present disclosure
may detect whether an occlusion event has occurred
between a plurality of players in the image data, and when
the player tracking server 1000 determines that an occlusion
event has occurred, a player’s location computed from the
image data may be determined to be invalid.

[0211] The player tracking server 1000 according to an
embodiment of the present disclosure may be provided to
evaluate the validity of the player’s location computed
from the image data in further consideration of the severity
of the occlusion event between the plurality of players in the
image data. Here, the severity of the occlusion event may be
used in the sense of encompassing a concept of digitizing or
quantifying the severity of the occlusion event in which the
plurality of players at least partially overlap.

[0212] As an example, referring to FIG. 8 again, the player
tracking server 1000 according to an embodiment of the pre-
sent disclosure may determine the severity of the occlusion
event in consideration of the number of sport participants
located in the region R within the predetermined radius
from the specific location L1 sensor and thus may evaluate
the validity of the player’s location computed from the
image data.

[0213] For example, a plurality of threshold values (a first
threshold value and a second threshold value) may be preset
for the number of sport participants located in the region R
within the predetermined radius, and the player tracking ser-
ver 1000 may determine that the occlusion event has
occurred and that the severity of the occlusion event is low
(mild) when the number of sport participants located in the
region R within the predetermined radius from the specific
location L1 sensor is greater than the first threshold value
and smaller than the second threshold value.

[0214] On the other hand, when the number of sport parti-
cipants located in the region R within the predetermined
radius from the specific location L.1 sensor is greater than
the second threshold value, the player tracking server 1000
may determine that an occlusion event has occurred and that
the severity of the occlusion event is high (severe).

[0215] Apart from the severity of the occlusion event,
when the number of sport participants located in the region
R within the predetermined radius from the specific location
L1 sensor is smaller than the first threshold value, the
player tracking server 1000 may determine that no occlusion
event has occurred.

[0216] As another example, the player tracking server
1000 according to an embodiment of the present disclosure
may be provided to evaluate the validity of the player’s
location computed from the image data in further considera-
tion of a team identifier even though it is determined that the
occlusion event has occurred. For example, even though an
occlusion event of a plurality of sport participants included
in the image data has occurred, the player tracking server
1000 may evaluate the validity of the player’s location com-
puted from the image data by additionally determining the
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severity of the occlusion event according to a team identifier
of the players related to the occlusion event.

[0217] Generally, when the sport participants are on the
same team, the uniforms of the sport participants are the
same. Thus, when an occlusion event occurs between the
sport participants belonging to the same team, it is highly
likely that the locations of the sport participants computed
from the image data are invalid.

[0218] On the other hand, when the sport participants are
on different teams, the uniforms of the sport participants are
different. Thus, even when an occlusion event has occurred
between the sport participants belonging to different teams,
the locations of the sport participants may be validly
acquired using pixel data of an RGB map associated with
the color of the uniforms.

[0219] Therefore, the player tracking server 1000 accord-
ing to an embodiment of the present disclosure may evaluate
the validity of the player’s location computed from the
image data in further consideration of a team identifier
even though it is determined that the occlusion event has
occurred.

[0220] Pixel data related to the color of the uniforms
acquired from the image data is illustrated as the team iden-
tifier, but this is just an example, and the team identifier, as
well as the player identifier, may be further included in the
positioning sensor data.

[0221] The following description will refer to FIG. 9.
FIGS. 9A and 9B are exemplary diagrams of a method of
determining the validity of the player’s location computed
from the image data according to the present disclosure.
[0222] As an example, the player tracking server 1000
may be provided to evaluate the validity of the player’s
location computed from the image data in consideration of
the player’s vertical movement included in the image data.
Here, the vertical movement may have a meaning encom-
passing all movements in a direction perpendicular to a
coordinate system plane related to the player’s location
computed from the image data. Specifically, data related to
the vertical movement may be further acquired from an iner-
tial sensor worn by players, and when the vertical movement
is present, there is a possibility that an error may occur in the
player’s location computed from the image data. Therefore,
the player tracking server 1000 may evaluate the validity of
the player’s location computed from the image data in con-
sideration of the player’s vertical movement included in the
image data.

[0223] Referring to FIG. 9A, when there is substantially
no vertical movement of a sport participant 1 included in
image data, the difference between a location L.1_image of
the sport participant 1 computed from the image data and an
actual location L1 of the sport participant 1 may be rela-
tively small. In other words, when there is substantially no
vertical movement of the sport participant 1 included in the
image data, the location L.1 _image of the sport participant 1
computed from the image data may approximate the actual
location L.1.

[0224] On the other hand, referring to FIG. 9B, when there
is a vertical movement of the sport participant 1 included in
the image data, the difference between a location L.2_image
of the sport participant 1 computed from the image data and
an actual location L.2 of the sport participant 1 may be rela-
tively large. In other words, when a vertical movement of
the sport participant 1 is included in the image data, the
location .2 image of the sport participant 1 computed
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from the image data is likely to have a significant error with
respect to the actual location L.2.

[0225] Therefore, the player tracking server 1000 may
evaluate the validity of the player’s location computed
from the image data in consideration of the player’s vertical
movement included in the image data. For example, when a
player’s vertical movement included in the image data is
detected, that is, when a in z-direction data is
detected by an inertial sensor worn by the sport participant
1, the player tracking server 1000 may determine that the
location of the sport participant 1 computed from the
image data is invalid.

[0226] As another example, when a player’s vertical
movement included in the image data is not detected, that
is, when a in z-direction data is not detected by an
inertial sensor worn by the sport participant 1, the player
tracking server 1000 may determine that the location of
the sport participant 1 computed from the image data is
valid.

[0227] As described above, it has been described that it is
possible to evaluate the validity of a sport participant com-
puted from the image data depending on whether the vertical
movement of the sport participant is detected. This is just an
example, and even when a vertical movement is detected,
the validity of the location of the sport participant computed
from the image data may be determined in further considera-
tion of the direction or magnitude of acceleration in the z-
direction. Also, information regarding the height, location,
or capture angle of the image capture device 300 may be
additionally provided and considered in determining
whether the location of the sport participant computed
from the image data is verified.

[0228] The following description will refer to FIG. 10.
FIG. 10 is an exemplary diagram of a method of determin-
ing the validity of a player’s location computed from image
data according to the present disclosure.

[0229] As an example, the player tracking server 1000
may evaluate the validity of the player’s location computed
from the image data in consideration of an internal disparity
of the player’s location computed from the image data. Spe-
cifically, the player tracking server 1000 may continuously
compute the player’s location from the image data. In this
case, when a in the computed location of the player
is greater than a predetermined threshold value, the player
tracking server 1000 may determine that data regarding the
greatly location of the player is invalid. In other
words, when the [SiEIIRg between the player’s location com-
puted from image data corresponding to a first time point
and the player’s location computed from image data corre-
sponding to a second time point is greater than the predeter-
mined threshold value, the player tracking server 1000 may
determine that the player’s location computed from the
image data corresponding to the second time point is
invalid.

[0230] Referring to FIG. 10, the player tracking server
1000 may be provided to compute or acquire locations of a
specific sport participant from image data over time. In this
case, when the difference between a location Ltl _image of
the sport participant computed from the first time point and a
location Lt2 image of the sport participant computed from
the second time point is greater than the predetermined
threshold value, the player tracking server 1000 may deter-
mine that the location Lt2_image of the sport participant
computed from the second time point is invalid. On the
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other hand, when the difference between a location
Lt3_image of the sport participant computed from a third
time point and a location Lt4_image of the sport participant
computed from a fourth time point is smaller than the pre-
determined threshold value, the player tracking server 1000
may determine that the location Lt4_image of the sport par-
ticipant computed from the fourth time point is valid.
[0231] As described above, it has been described that the
validity of the location of the sport participant computed
from the image data over time is determined based on the
preset threshold value, but this is just an example. Any sui-
table method may be used to determine the validity of the
location of the sport participant computed from the image
data. For example, the player tracking server 1000 may
compute a trend line or the like by quantifying the tendency
of the locations of the sport participant over time and may
determine the validity of the location of the sport participant
computed from the image data on the basis of the magnitude
of deviation of the trend line or the like.

[0232] Also, the player tracking system 100 according to
an embodiment of the present disclosure may determine the
validity of an acquired positioning sensor-based location.
Specifically, the player tracking server 1000 may evaluate
the validity of the player’s location computed from the posi-
tioning sensor data. More specifically, the player tracking
server 1000 may consider at least one of reliability-related
information of the positioning sensor data and the internal
disparity of the player’s location computed from the posi-
tioning sensor data in order to evaluate the validity of the
player’s location computed from the positioning sensor
data.

[0233] The following description will refer to FIG. 11.
FIG. 11 is an exemplary diagram of a method of determining
the validity of a player’s location calculated from position-
ing sensor data according to the present disclosure.

[0234] As an example, the player tracking server 1000
may evaluate the validity of the player’s location computed
from the positioning sensor data in consideration of reliabil-
ity-related information of a sensor signal included in the
positioning sensor data.

[0235] For example, the reliability-related information
(e.g., DoP, SNR) of a signal may be included in a signal
transmitted from the Global Navigation Satellite System
(GNSS) to a positioning sensor device.

[0236] In this case, the player tracking server 1000 may
acquire the reliability-related information through the com-
munication module 1100, and the player tracking server
1000 may evaluate the validity of the player’s location com-
puted from the positioning sensor data in consideration of
the acquired reliability-related information of the sensor
signal.

[0237] For example, a threshold value may be preset for
the reliability-related information, and when the reliability-
related information included in the positioning sensor data is
greater than the preset threshold value, the player tracking
server 1000 may determine that the player’s location com-
puted from the positioning sensor data is valid. On the other
hand, when the reliability-related information included in
the positioning sensor data is smaller than the preset thresh-
old value, the player tracking server 1000 may determine
that the player’s location computed from the positioning
sensor data is invalid.

[0238] Referring to FIG. 11, the reliability-related infor-
mation of the sensor signal may be different for each region
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of the playfield. For example, when a sport participant is
located in a first region Al of the playfield, the reliability
of the sensor signal may be relatively low. Therefore, loca-
tion data included in positioning sensor data acquired from a
positioning sensor device of the sport participant located in
the first region Al may have relatively low reliability. On
the other hand, when a sport participant is located in a sec-
ond region A2 of the playfield, the reliability of the sensor
signal may be relatively high. Therefore, location data
included in positioning sensor data acquired from a posi-
tioning sensor device of the sport participant located in the
second region A2 may have relatively high reliability.
[0239] In this case, when the reliability of the sensor sig-
nal in the first region Al is higher than the predetermined
threshold value, the player tracking server 1000 may deter-
mine that the location of the sport participant computed
from the positioning sensor data acquired from the position-
ing sensor device of the sport participant located in the first
region Al is valid. On the other hand, when the reliability of
the sensor signal in the second region A2 is lower than the
predetermined threshold value, the player tracking server
1000 may determine that the location of the sport participant
computed from the positioning sensor data acquired from
the positioning sensor device of the sport participant located
in the second region A2 is invalid.

[0240] Also, the player tracking server 1000 may deter-
mine that the location of the sport participant computed
based on data with high reliability is valid by quantifying
and comparing the reliability of the sensor signal and the
reliability of image data or may compute the location of
the sport participant through weight values corresponding
to the reliability of the sensor signal and the reliability of
the image data. This will be described below with reference
to FIG. 22.

[0241] In FIG. 11, it has been described that the first
region and the second region are limited to specific regions
in the playfield, but this is just an example for describing
that the reliability of the sensor signal is different for each
region.

[0242] The following description will refer to FIG. 12.
FIG. 12 is an exemplary diagram illustrating a method of
determining the validity of a player’s location computed
from positioning sensor data according to the present
disclosure.

[0243] As an example, the player tracking server 1000
may evaluate the validity of the player’s location computed
from the positioning sensor data in consideration of an inter-
nal disparity of the player’s location computed from the
positioning sensor data. Specifically, the player tracking ser-
ver 1000 may continuously compute or acquire the player’s
location from the positioning sensor data. In this case, when
a [SiEEg in the computed or acquired location of the player
is greater than a predetermined threshold value, the player
tracking server 1000 may determine that data regarding the
greatly location of the player is invalid. In other
words, when the [SiEIIRg between the player’s location com-
puted from positioning sensor data corresponding to a first
time point and the player’s location computed from posi-
tioning sensor data corresponding to a second time point is
greater than the predetermined threshold value, the player
tracking server 1000 may determine that the player’s loca-
tion computed from the positioning sensor data correspond-
ing to the second time point is invalid.
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[0244] Referring to FIG. 12, the player tracking server
1000 may compute or acquire locations of a specific sport
participant from positioning sensor data over time. In this
case, when the difference between a location Ltl_sensor of
the sport participant computed from the first time point and a
location L.t2_sensor of the sport participant computed from
the second time point is greater than the predetermined
threshold value, the player tracking server 1000 may deter-
mine that the location Lt2_sensor of the sport participant
computed from the second time point is invalid. On the
other hand, when the difference between a location Lt3_sen-
sor of the sport participant computed from a third time point
and a location L.t4_sensor of the sport participant computed
from a fourth time point is smaller than the predetermined
threshold value, the player tracking server 1000 may deter-
mine that the location Lt4_sensor of the sport participant
computed from the fourth time point is valid.

[0245] As described above, it has been described that the
validity of the location of the sport participant computed
from the positioning sensor data over time is determined
based on the preset threshold value, but this is just an exam-
ple. Any suitable method may be used to determine the
validity of the location of the sport participant computed
from the positioning sensor data. For example, the player
tracking server 1000 may compute a trend line or the like
by quantifying the tendency of the locations of the sport
participant over time and may determine the validity of the
location of the sport participant computed from the position-
ing sensor data on the basis of the magnitude of deviation of
the trend line or the like.

[0246] The player tracking system 100 according to an
embodiment of the present disclosure may determine the
validity of at least one of an image-based location and a
positioning sensor-based location on the basis of the differ-
ence between the image-based location and the positioning
sensor-based location. Specifically, the player tracking ser-
ver 1000 may be provided to determine the validity of at
least one of the image-based location and the positioning
sensor-based location. More specifically, the player tracking
server 1000 may be provided to determine the validity of at
least one of the image-based location and the positioning
sensor-based location on the basis of an external disparity
between the image-based location and the positioning sen-
sor-based location.

[0247] As an example, the player tracking server 1000
may continuously compute or acquire a player’s location
from each of positioning sensor data and image data. In
this case, the player tracking server 1000 may evaluate the
validity of at least one of the player’s location computed
from the image data and the player’s location computed
from the positioning sensor data on the basis of a disparity
index considering the difference (hereinafter referred to as
an external disparity) between a first location of the player
computed from the image data and a second location of the
player computed from the positioning sensor data at the
same time point.

[0248] For example, a disparity index between the first
location and the second location computed at a first time
point may be a first disparity index, and a disparity index
between the first location and the second location computed
at a second time point temporally adjacent to the first time
point may be a second disparity index.

[0249] In this case, when the absolute value of the first
disparity index AD1 is less than a predetermined first thresh-
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old value, the player tracking server 1000 may determine
that at least one of the first location of the player computed
from the image data at the first time point and the second
location of the player computed from the positioning sensor
data at the first time point is valid.

[0250] On the other hand, when the absolute value of the
second disparity index 202 exceeds a predetermined second
threshold value, the player tracking server 1000 may evalu-
ate that at least one of the first location of the player com-
puted from the image data at the second time point and the
second location of the player computed from the positioning
sensor data at the second time point is invalid.

[0251] Here, the first threshold value and the second
threshold value may be the same or may be preset to any
suitable values different from each other.

[0252] As another example, the player tracking server
1000 may evaluate the validity of at least one of the player’s
location computed from the image data and the player’s
location computed from the positioning sensor data in con-
sideration of the difference |[AD1| - |AD2| or |ADI1 - AD2|
between the first disparity index AD1 and the second dispar-
ity index AD2.

[0253] Specifically, when the difference |JAD11 - |AD2] or |
AD1 - AD2|between the first disparity index AD1 and the
second disparity index AD2 is less than a third predeter-
mined threshold value (preferably, when it is determined
that the first location and the second location which are
related to the first disparity index are valid), that is, when
the difference between the first location of the player com-
puted from the image data at the second time point and the
second location of the player computed from the positioning
sensor data at the second time point can be regarded as being
within an error range, the player tracking server 1000 may
determine that the first location and the first location at the
second time point are valid.

[0254] On the other hand, when the difference |ADI| - |
AD2| or |AD1 - AD2} between the first disparity index AD1
and the second disparity index AD2 exceeds a fourth prede-
termined threshold value (preferably, when it is determined
that the first location and the second location which are
related to the first disparity index are valid), that is, when a
time point at which the difference between the first location
of the player computed from the image data at the second
time point and the second location of the player computed
from the positioning sensor data at the second time point
significantly is detected, the player tracking server
1000 may determine that at least one of the first location and
the second location at the second time point is invalid.
[0255] Here, the third threshold value and the fourth
threshold value may be the same or may be preset to any
suitable values different from each other.

[0256] The player tracking system 100 according to an
embodiment of the present disclosure may be provided to
generate reliability indices related to an image-based loca-
tion and a positioning sensor-based location. Specifically,
the player tracking server 1000 may be provided to generate
the reliability index related to the image-based location and
the reliability index related to the positioning sensor-based
location on the basis of a validity determination result for
the image-based location and the positioning sensor-based
location.

[0257] Specifically, the player tracking server 1000 may
generate a first reliability index of the player’s location com-
puted from positioning sensor data on the basis of the result
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of evaluating the validity of the positioning sensor data. For
example, the first reliability index may be quantified from
reliability-related information of a signal included in the
positioning sensor data.

[0258] Also, the player tracking server 1000 may generate
a second reliability index of the player’s location computed
from image data on the basis of the result of evaluating the
validity of the image data. In this case, the second reliability
index may be quantified as an index corresponding to the
first reliability index so that the second reliability index
can be quantitatively compared to the first reliability index.
[0259] In this case, the first reliability index and second
reliability index may be used as one factor that should be
considered in finally determining the location of the sport
participant, which will be described below.

[0260] The player tracking system 100 according to an
embodiment of the present disclosure may be provided to
convert coordinates between the image-based location and
the positioning sensor-based location. Specifically, the
player tracking server 1000 may perform coordinate conver-
sion between an image-based location and a positioning sen-
sor-based location. Specifically, the player tracking server
1000 may be provided to perform coordinate conversion
between an image-based location and a positioning sensor-
based location. Thus, the image-based location may have
the same coordinates as the positioning sensor-based
location.

[0261] Specifically, the location of the player computed
from the image data may be computed for a first coordinate
system, and the location of the player computed from the
positioning sensor data may be computed for a second coor-
dinate system. In this case, the location of the player should
be determined in consideration of both of the location of the
player computed from the image data and the location of the
player computed from the positioning sensor data or the
location of the player if it is necessary to track the player,
or the location of the player should be determined for a com-
mon coordinate system when is performed
between the location of the player computed from the
image data and the location of the player computed from
the positioning sensor data. Thus, a conversion operation
should be performed between the first coordinate system
and the second coordinate system.

[0262] As an example, the second coordinate system may
be converted to the first coordinate system.

[0263] As another example, the first coordinate system
may be converted to the second coordinate system.

[0264] As still another example, the computed location of
the player may be converted from the first coordinate system
or the second coordinate system to an absolute coordinate
system different from the first coordinate system and the
second coordinate system.

[0265] However, the above-described conversion between
the coordinate systems is just an example, and a player’s
location computed from image data and a player’s location
computed from positioning sensor data may be variously
converted to a common coordinate system according to
any suitable method.

[0266] In this case, the player tracking server 1000 may be
provided to use various coordinate conversion algorithms.
[0267] As an example, the player tracking server 1000
may be implemented using an artificial neural network that
is trained by any suitable method such as RIS learning
or deep learning.
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[0268] The following description will refer to FIGS. 13
and 14.

[0269] FIG. 13 is a diagram illustrating that an artificial
neural network is trained to convert a location in a first coor-
dinate system related to positioning sensor data to a location
in a second coordinate system related to image data.

[0270] The following description will refer to FIG. 14.
FIG. 14 is a diagram illustrating that a location in the first
coordinate system related to positioning sensor data is con-
verted to a location in the second coordinate system related
to image data using the trained artificial neural network.
[0271] Referring to FIG. 14, the player tracking server
1000 according to an embodiment of the present disclosure
may perform coordinate conversion from a location in a first
coordinate system related to positioning sensor data to a
location in a second coordinate system related to image
data using an artificial neural network.

[0272] For example, when it is determined that an image-
based location acquired from image data is invalid, there is a
need to determine a location of a sport participant from a
positioning sensor-based location acquired from positioning
sensor data. However, since the positioning sensor-based
location and the image-based location may have different
coordinate systems, the player tracking server 1000 may
convert an acquired positioning sensor-based location of
the first coordinate system to a location of the second coor-
dinate system related to image data. Here, the image-based
location being invalid may refer to at least one of a case in
which an occlusion is detected between sport participants
and it is determined that an occlusion event 1S severe, a
case in which a vertical movement of a sport participant is
detected, and a case in which an internal disparity between
image-based locations is present.

[0273] As an example, an artificial intelligence network to
be trained to convert a location in the first coordinate system
related to positioning sensor data to a location in the second
coordinate system related to image data may include an
input layer, a hidden layer including a plurality of nodes,
and an output layer.

[0274] In order to train the artificial neural network, an
image-based location (x image, y_image) determined to be
valid and a positioning sensor-based location (x_sensor,
y_sensor) corresponding to the image-based location deter-
mined to be valid may be input to the input layer. Also, in
order to perform accurate training, a positioning sensor-
based speed |v| sensor may be additionally input to the
input layer in addition to the positioning sensor-based loca-
tion (x_sensor, y_sensor) corresponding to the image-based
location determined to be valid. In this case, the positioning
sensor-based speed [v|_sensor may be computed from the
positioning sensor-based location (x_sensor, y_sensor).
Alternatively, the positioning sensor-based speed |v|_sensor
may be computed from data acquired from an accelerometer
of an inertial sensor worn by a sport sensor.

[0275] For example, referring to FIG. 13, the image data
may include image data (image 1) in which no occlusion is
detected, image data (image 2) in which an occlusion is
detected but is determined not to be severe, and image data
(image 3) in which an occlusion is detected and is deter-
mined to be severe.

[0276] In this case, as described above, an image-based
location acquired by the image data (image 1) in which no
occlusion is detected may be valid. That is, the image data
(image 1) may be utilized to train the artificial neural net-
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work. Therefore, a first image-based location (x_imagel,
y_imagel) acquired by the image data (image 1) in which
no occlusion is detected and a first positioning sensor-based
location (x_sensorl, y_sensorl) and a first positioning sen-
sor-based speed |v| sensorl corresponding to the first
image-based location may be used as input values for a
training set.

[0277] In this case, as described above, an image-based
location acquired by the image data (image 3) in which an
occlusion is detected and is determined to be severe may be
invalid. That is, when the image data (image 3) is utilized, to
train the artificial neural network, the accuracy of the train-
ing may be reduced. Therefore, data related to the image
data (image 3 in which an occlusion is detected and is deter-
mined to be severe may not be used as a training set.
[0278] Also, the image data (image 2) in which an occlu-
sion is detected but is determined not to be severe may be
appropriately selected to be used or not to be used as a train-
ing set in consideration of the above-described criterion.
[0279] Referring to FIG. 13 again, the positioning sensor-
based location (x_sensor, y_sensor) and the positioning sen-
sor-based speed |v|_sensor correspond to the image-based
location that is input to the input layer and that is determined
to be valid may be converted to a location (x'_image, y
'_image in coordinates of the image-based location through
the hidden layer as an output value of the output layer.
[0280] In this case, the output value (x’_image, y'_image
may be compared to the image-based location (x_image,
y_image input to the input layer. Thus, by adjusting a weight
value of a node included in the hidden layer on the basis of a
difference between the output value and the image-based
location, the artificial neural network may be trained.
[0281] Referring to FIG. 14, a location in the first coordi-
nate system related to positioning sensor data may be con-
verted to a location in the second coordinate system related
to image data using the trained artificial neural network of
FIG. 13. Preferably, the trained artificial neural network
according to an embodiment of the present disclosure may
be used to convert a location in the first coordinate system
related to positioning sensor data to a location in the second
coordinate system related to image data when it is deter-
mined that an image-based location is invalid.

[0282] For example, the image data may include image
data (image 1) in which no occlusion is detected, image
data (image 2) in which an occlusion is detected but is deter-
mined not to be severe, and image data (image 3) in which
an occlusion is detected and is determined to be severe.
[0283] In this case, among the pieces of image data, an
image-based location (x_image3, y_image3) acquired by
the image data (image 3) in which an occlusion is detected
and is determined to be severe may be determined to be
invalid. In this case, when a positioning sensor-based loca-
tion (x_sensor3, y_sensor3) and a positioning sensor-based
speed |v|_sensor3 corresponding to the image-based loca-
tion (x_image3, y_image3) acquired by the image data
(image 3) in which an occlusion is detected and is deter-
mined to be severe are input to the input layer of the trained
artificial neural network, the positioning sensor-based loca-
tion (x_sensor3, y_sensor3) may be converted to a coordi-
nate system related to the image-based location. Thus, even
when the image-based location is invalid, the location of the
sport participant may be continuously acquired based on the
positioning sensor-based location.
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[0284] In this case, among the pieces of image data, with
regard to the image data (image 2) in which an occlusion is
detected but is determined not to be severe, a reliability
index of the image-based location may be compared to a
reliability index of the positioning sensor-based location,
which will be described below. When the positioning sen-
sor-based location has higher reliability than the image-
based location, the positioning sensor-based location may
be provided to convert a coordinate value using the trained
artificial neural network.

[0285] As described above, it has mainly been described
that the positioning sensor-based location of the first coordi-
nate system is converted to a location of the second coordi-
nate system related to the image-based location. However,
the artificial neural network may be trained to convert the
positioning sensor-based location to a location in any suita-
ble common coordinate system.

[0286] Also, it has mainly been described that the coordi-
nates of the positioning sensor-based location are converted
when the image-based location is invalid, but this is just an
example. When it is determined that the positioning sensor-
based location is invalid, it is obvious that it is possible to
train or deploy an artificial neural network that converts the
image-based location to the positioning sensor-based loca-
tion in a similar method.

[0287] As described above, here, the player tracking ser-
ver 1000 may use various coordinate conversion algorithms
for coordinate conversion.

[0288] As an example, the coordinate conversion algo-
rithm may be provided as a learning model. A
representative example of the [R¥I9ntNs learning model may
be an artificial neural network. Specifically, a representative
example of the artificial neural network is a deep-learning-
based artificial neural network including an input layer that
receives data, an output layer that outputs a result, and a
hidden layer that is between the input layer and the output
layer to process data. Detailed examples of the artificial
neural network are a convolutional neural network, a recur-
rent neural network, a deep neural network, and the like.
Here, the artificial neural network should be interpreted in
a comprehensive sense including the above-described artifi-
cial neural networks, other various types of artificial neural
networks, and all combinations of the artificial neural net-
works, and does not necessarily have to be based on deep
learning.

[0289] In addition, the FYSeTY learning model does not
necessarily have to be in the form of an artificial neural net-
work model. In addition, the learning model may
include the k-nearest neighbors (KNN) algorithm, Random
Forest, support vector (SVM), principal compo-
nent analysis (PCA), and the like and may include ensem-
bles of the aforementioned techniques or other various com-
binations thereof. Meanwhile, it should be noted that the
artificial neural network can be replaced with another
learning model unless otherwise stated in the
embodiments mentioned focusing on the artificial neural
network.

[0290] Furthermore, the coordinate conversion algorithm
herein is not necessarily limited to the learning
model. That is, the coordinate conversion algorithm may
include various decision algorithms other than the RISy
learning model.

[0291] Therefore, it should be noted that the coordinate
conversion algorithm herein should be understood in a com-
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prehensive sense including all types of algorithms that per-
form coordinate conversion using data in a first coordinate
system.

[0292] The player tracking system 100 according to an
embodiment of the present disclosure may be provided to
perform interpolation upon coordinate conversion between
the image-based location and the positioning sensor-based
location. Specifically, the player tracking server 1000 may
additionally perform an operation of interpolating a con-
verted coordinate value in order to correct an error that
may occur during a coordinate conversion between the
player’s location computed from image data and the
player’s location computed from positioning sensor data.
For example, while tracking the player using the player’s
location computed from the image data, the player tracking
server 1000 may track the player using the player’s location
computed from positioning sensor data as necessary when it
is determined that the player’s location computed from the
image data is invalid. In this case, when the player’s loca-
tion computed from the positioning sensor data is converted
according to a first coordinate system of the player’s loca-
tion computed from the image data, there may be an error in
the converted location value.

[0293] Therefore, the player tracking server 1000 accord-
ing to an embodiment of the present disclosure may perform
an operation of interpolating a value obtained by performing
coordinate conversion on the player’s location computed
from the positioning sensor data according to the first coor-
dinate system using the player’s location which has been
tracked before and which is computed from the image data.
[0294] The player tracking system 100 according to an
embodiment of the present disclosure may determine the
player’s location in consideration of an image-based loca-
tion and a positioning sensor-based location.

[0295] Specifically, the player tracking server 1000 may
be provided to finally determine the player’s location on
the basis of an image-based location and a positioning sen-
sor-based location.

[0296] As an example, when the image-based location is
valid, the player tracking server 1000 may be provided to
determine the player’s location on the basis of the player’s
location computed from the image data.

[0297] On the other hand, when the image-based location
is invalid, the player tracking server 1000 may determine the
player’s location on the basis of the location computed from
the positioning sensor data.

[0298] For example, when it is determined or detected that
there is no occlusion event between a plurality of players
included in the image data and thus it is determined that
the player’s location computed from the image data is
valid, the player tracking server 1000 may determine the
player’s location on the basis of the player’s location com-
puted from the image data. On the other hand, when it is
determined or detected that there is an occlusion event
between a plurality of players included in the image data
and thus it is determined that the player’s location computed
from the image data is invalid, the player tracking server
1000 may determine the player’s location on the basis of
the location computed from the positioning sensor data.
[0299] As another example, when no vertical movement is
detected with regard to a player included in the image data
and thus it is determined that the player’s location computed
from the image data is valid, the player tracking server 1000
may determine the player’s location on the basis of the
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player’s location computed from the image data. On the
other hand, when a vertical movement is detected with
regard to a player included in the image data and thus it is
determined that the player’s location computed from the
image data is invalid, the player tracking server 1000 may
determine the player’s location on the basis of the location
computed from the positioning sensor data.

[0300] As another example, when an internal disparity
between the player’s locations computed from the image
data does not exceed a predetermined threshold value and
thus it is determined the player’s location computed from
the image data is valid, the player tracking server 1000
may determine the player’s location on the basis of the
player’s location computed from the image data. On the
other hand, when an internal disparity between the player’s
locations computed from the image data exceeds the prede-
termined threshold value and thus it is determined the
player’s location computed from the image data is invalid,
the player tracking server 1000 may determine the player’s
location on the basis of the location computed from the posi-
tioning sensor data.

[0301] In an embodiment, when the player’s location
computed from the positioning sensor data is valid, the
player tracking server 1000 may determine the player’s
location on the basis of the player’s location computed
from the positioning sensor data. On the other hand, when
the player’s location computed from the positioning sensor
data is invalid, the player tracking server 1000 may deter-
mine the player’s location on the basis of the location com-
puted from the image data.

[0302] As an example, the player tracking server 1000
may determine the player’s location on the basis of the
determination that the player’s location computed from the
positioning sensor data is valid based on the reliability-
related information of the signal included in the positioning
sensor data.

[0303] For example, when it is determined that the
player’s location computed from the positioning sensor
data is valid because the reliability of the signal included
in the positioning sensor data is greater than a preset thresh-
old value, the player tracking server 1000 may determine the
player’s location on the basis of the player’s location com-
puted from the positioning sensor data.

[0304] On the other hand, when it is determined that the
player’s location computed from the positioning sensor data
is invalid because the reliability of the signal included in the
positioning sensor data is smaller than the preset threshold
value, the player tracking server 1000 may determine the
player’s location on the basis of the player’s location com-
puted from the image data.

[0305] As another example, when an internal disparity
between the player’s locations computed from the position-
ing sensor data does not exceed a predetermined threshold
value and thus it is determined the player’s location com-
puted from the positioning sensor data is valid, the player
tracking server 1000 may determine the player’s location on
the basis of the player’s location computed from the posi-
tioning sensor data.

[0306] On the other hand, when an internal disparity
between the player’s locations computed from the position-
ing sensor data exceeds the predetermined threshold value
and thus it is determined the player’s location computed
from the positioning sensor data is invalid, the player track-
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ing server 1000 may determine the player’s location on the
basis of the location computed from the image data.

[0307] In an embodiment, the player tracking server 1000
may finally determine the player’s location on the basis of
the disparity indices of or the difference between the
player’s location computed from the image data and the
player’s location computed from the positioning sensor
data.

[0308] Specifically, as described above, on the basis of the
first disparity index AP between the first location of the
player computed from the image data at the first time point
and the second location of the player computed from the
positioning sensor data at the first time point and the second
disparity index AP2 between the first location of the player
computed from the image data at the second time point and
the second location of the player computed from the posi-
tioning sensor data at the second time point, it may be deter-
mined that at least one of the first location and the second
location is invalid. In this case, the player tracking server
1000 may finally determine the player’s location on the
basis of the determination of the validity based on the dis-
parity indices.

[0309] For example, when a computed disparity index is
smaller than a predetermined first threshold value, that is,
when it can be determined that both of the player’s location
computed from the positioning sensor data and the player’s
location computed from the image data are valid, the player
tracking server 1000 may determine the player’s location on
the basis of one of the player’s location computed from the
positioning sensor data and the player’s location computed
from the image data.

[0310] On the other hand, when a computed disparity
index is greater than a predetermined second threshold
value, that is, when it can be determined that at least one
of the player’s location computed from the positioning sen-
sor data and the player’s location computed from the image
data is invalid, the player tracking server 1000 may deter-
mine the player’s location on the basis of the one of the
player’s location computed from the positioning sensor
data and the player’s location computed from the image
data that has a higher reliability index.

[0311] The following description will refer to FIG. 15.
FIG. 15 is a diagram illustrating an exemplary method of
determining a player’s location on the basis of a reliability
index according to an embodiment of the present disclosure.
[0312] In an embodiment, the player tracking server 1000
may determine the player’s location on the basis of a com-
parison between the first reliability index related to the
player’s location computed from the image data and the sec-
ond reliability index related to the player’s location com-
puted from the positioning sensor data.

[0313] As an example, when the first reliability index is
higher than the second reliability index (FIG. 15A or FIG.
15B), the player tracking server 1000 may determine the
player’s location on the basis of the player’s location com-
puted from the image data.

[0314] For example, as shown in FIG. 15A, when the first
reliability index is higher than a predetermined reliability
threshold value and the second reliability index is lower
than the predetermined reliability threshold value, the player
tracking server 1000 may determine the location of the sport
participant on the basis of the location of the sport partici-
pant computed from image data.
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[0315] For example, as shown in FIG. 15B, when the first
reliability index is higher than the second reliability index
and the first reliability index and the second reliability index
are higher than the predetermined reliability threshold
value, the player tracking server 1000 may determine the
location of the sport participant on the basis of the location
of the sport participant computed from the image data, simi-
lar to FIG. 15A.

[0316] As another example, when the second reliability
index is higher than the first reliability index (FIG. 15C),
the player tracking server 1000 may determine the player’s
location on the basis of the player’s location computed from
the positioning sensor data.

[0317] As another example, as shown in FIG. 15C, when
the second reliability index is higher than the predetermined
reliability threshold value and the first reliability index is
lower than the predetermined reliability threshold value,
the player tracking server 1000 may determine the location
of the sport participant on the basis of the location of the
sport participant computed from positioning sensor data.
[0318] As another example, the player tracking server
1000 may determine the player’s location by assigning
weight values in consideration of the first reliability index
related to the first location of the player computed from the
image data and the second reliability index related to the
second location of the player computed from the positioning
sensor data. Specifically, the player tracking server 1000
may determine the player’s location by assigning weight
values considering the first reliability index and the second
reliability index to the first location and the second location,
respectively.

[0319] For example, as shown in FIG. 15B, when both of
the first reliability index and the second reliability index are
higher than the predetermined reliability threshold value,
the player tracking server 1000 may determine the location
of the sport participant by assigning weight values corre-
sponding to the reliability indices to the first location of
the sport participant computed from the image data and the
second location of the sport participant computed from the
positioning sensor data.

[0320] As another example, as shown in FIG. 15D, when
the first reliability index is similar to or substantially the
same as the second reliability index, the player tracking ser-
ver 1000 may determine the location of the sport participant
by assigning weight values corresponding to the reliability
indices to the location of the sport participant computed
from the image data and the location of the sport participant
computed from the positioning sensor data.

[0321] As described above, it has been described that the
location of the sport participant may be determined by
assigning weight values corresponding to reliability indices
in the case of FIGS. 15B and 15D, but this is just an exam-
ple. It is obvious that the location of the sport participant
may be determined by appropriately assigning the weight
values corresponding to the reliability indices in the case
of FIG. 15A or FIG. 15C or in any case.

[0322] The location of the sport participant determined by
the player tracking server 1000 according to an embodiment
of the present disclosure may be transferred to the memory
1200 through the communication module 1100 and stored in
the memory 1200. Alternatively, the location of the sport
participant determined by the player tracking server 1000
may be transmitted to an external server through the com-
munication module 1100 or uploaded to the Internet.
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[0323] The configuration and operation of the player
tracking server 1000 according to an embodiment of the pre-
sent disclosure have been described above. A player track-
ing method according to this embodiment will be described
below. In the following description, the player tracking
method according to an embodiment of the present disclo-
sure is performed by the above-described player tracking
system 100. However, this is just for convenience of
description, and thus the player tracking method according
to an embodiment of the present disclosure is not limited to
the above-described player tracking system 100. That is, the
player tracking method, which will be described below, does
not necessarily have to be performed only by the player
tracking system 100 but may be performed by another sys-
tem or device having a function similar to that of the above-
described player tracking system 100.

[0324] In addition, the configuration and operation of the
player tracking server 1000 according to an embodiment of
the present disclosure may be appropriately applied to other
embodiments of the player tracking system 100, which will
be described below.

[0325] The following description will refer to FIG. 16.
FIG. 16 is a flowchart illustrating a player tracking method
implemented by the player tracking system 100 according to
an embodiment of the present disclosure.

[0326] The player tracking method according to an embo-
diment of the present disclosure may include acquiring
image data (S1100), acquiring positioning sensor data
(S1200), and determining a player’s location (S1300).
[0327] In the operation of acquiring the image data
(S1100), image data acquired from an image capture device
300 located near a playfield may be acquired.

[0328] In the operation of acquiring the positioning sensor
data (S1200), positioning sensor data transmitted from a
positioning sensor device 200 worn by a sport participant
1 may be acquired.

[0329] In this case, the image data and the positioning sen-
sor data acquired by the player tracking server 1000 may be
data adjusted to be in time synchronization with each other.
[0330] Also, the image data acquired by the player track-
ing server 1000 may be re-sampled data.

[0331] Also, the image data acquired by the player track-
ing server 1000 may be data from which noise is removed.
[0332] Also, the positioning sensor data acquired by the
player tracking server 1000 may be positioning sensor data
that has undergone a processing process, such as noise
removal, amplification, and filtering.

[0333] Also, the image data acquired by the player track-
ing server 1000 may include location-related data of the
sport participant and data related to a pixel corresponding
to the sport participant.

[0334] Also, the player tracking server 1000 may addi-
tionally acquire identification data related to the type of
image capture device that captures the image data and
arrangement information related to the location, orientation,
and the like of the image capture device. However, the
above description is just an example, and the player tracking
server 1000 may be implemented to include any suitable
data.

[0335] Also, the positioning sensor data acquired by the
player tracking server 1000 may include location-related
data of the sport participant, reliability-related information
of a sensor signal, and identifier-related data of the sport
participant. However, the above description is just an exam-



US 2023/0334860 A1l

ple, and the player tracking server 1000 may be implemen-
ted to include any suitable data.

[0336] In the operation of determining the player’s loca-
tion (1300), the player’s location may be determined based
on at least one of the image data and the positioning sensor
data.

[0337] As an example, the player tracking server 1000
may verify the validity of the image-based location com-
puted from the image data and may determine that the
player’s location is the image-based location when the
image-based location is valid. On the other hand, when the
image-based location computed from the image data is inva-
lid, the player tracking server 1000 may determine that the
player’s location is the player’s location computed from the
positioning sensor data. This will be described in detail with
reference to FIGS. 17 to 19.

[0338] As an example, the player tracking server 1000
may verify the validity of the positioning sensor-based loca-
tion computed from the positioning sensor data and may
determine that the player’s location is the positioning sen-
sor-based location when the positioning sensor-based loca-
tion is valid. On the other hand, when the positioning sen-
sor-based location computed from the positioning sensor
data is invalid, the player tracking server 1000 may deter-
mine that the player’s location is the image-based location
computed from the image data. Alternatively, when the
positioning sensor-based location computed from the posi-
tioning sensor data is invalid, the player tracking server
1000 may additionally evaluate the validity of the image-
based location and may determine the player’s location on
the basis of a result of evaluating the validity of the image-
based location. This will be described in detail with refer-
ence to FIGS. 20 and 21.

[0339] As another example, the player tracking server
1000 may determine the player’s location by quantifying
and comparing the reliability of the positioning sensor-
based location acquired from the positioning sensor data
and the reliability of the image-based location acquired
from the image data. Specifically, the player tracking server
1000 may determine the player’s location on the basis of the
one of the positioning sensor-based location and the image-
based location that has higher reliability or may determine
the player’s location by assigning weight values corre-
sponding to the reliability to the positioning sensor-based
location and the image-based location. This will be
described in detail below with reference to FIG. 22.

[0340] As another example, the player tracking server
1000 may determine the player’s location on the basis of a
reliability map of a positioning sensor-based location for
each region of the playfield and a reliability map of an
image-based location for each region of the playfield.
More specifically, the reliability of the computed position-
ing sensor-based location of the player may differ for each
region of the playfield. Also, the reliability of the computed
image-based location of the player may differ for each
region of the playfield. Therefore, the player tracking server
1000 may select one of the positioning sensor-based loca-
tion and the image-based location on the basis of the relia-
bility map and determine the selected location as the
player’s location or may determine the player’s location
by assigning weight values corresponding to the reliability
to the positioning sensor-based location and the image-
based location. This will be described in detail below with
reference to FIGS. 23 to 25.

Oct. 19, 2023

[0341] When a location of a sport participant is deter-
mined from image data acquired from an image capture
device, it is possible to accurately measure the location of
the sport participant, and the influence of structures near a
playfield is relatively small. Furthermore, it is relatively
easy to recognize or analyze the sport participant’s motion,
and it is possible to provide convenient use indoors. Also,
conveniently, the sport participant does not need to wear a
positioning sensor device. However, an occlusion event may
occur between sport participants, and the amount of compu-
tation is relatively large because the size of image data is
large.

[0342] On the other hand, when a location of a sport par-
ticipant is determined from positioning sensor data acquired
from a positioning sensor device, an occlusion event that
may occur in determining the location of the sport partici-
pant from image data does not occur, and the size of the
positioning sensor data is relatively smaller than that of the
image data. Thus, the processing efficiency of the position-
ing sensor data may be relatively higher than that of the
image data.

[0343] Therefore, in the player tracking method according
to an embodiment of the present disclosure, a location of a
sport participant may be determined from image data. How-
ever, the location of the sport participant may be determined
from the positioning sensor data only when the location of
the sport participant computed from the image data is
invalid.

[0344] The following description will refer to FIG. 17.
FIG. 17 is a flowchart illustrating the player tracking method
according to an embodiment of the present disclosure and is
a diagram illustrating operation S1300 of FIG. 16 in detail.
[0345] Referring to FIG. 17, operation S1300 according to
an embodiment of the present disclosure may include
detecting an occlusion on the basis of image data (S1310),
determining the severity of the occlusion (§1320), determin-
ing whether the severity of the occlusion is greater than or
equal to a predetermined threshold value (S1330), determin-
ing a player’s location on the basis of positioning sensor
data or image data (51340 or S1350), and outputting the
determined location as the player’s location (S1360).
[0346] In operation S1310, an occlusion event may be
detected between sport participants included in the image
data. Specifically, the above-described player tracking ser-
ver 1000 may detect an occlusion event between sport par-
ticipants included in the image data. Alternatively, the
player tracking server 1000 may determine whether an
occlusion event between sport participants included in the
image data has occurred.

[0347] In this case, when an occlusion event is not
detected between the sport participants or it is determined
that no occlusion event has occurred between the sport par-
ticipants in operation S1310, the player tracking server 1000
may determine the location of the sport participant on the
basis of a location computed from the image data.

[0348] On the other hand, when an occlusion event is
detected between the sport participants or it is determined
that an occlusion event has occurred between the sport par-
ticipants in operation S1310, the operation of determining
the severity of the occlusion event (S1320) may be per-
formed. In operation S1320, the player tracking server
1000 may additionally determine the severity of the detected
occlusion event.
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[0349] As an example, the player tracking server 1000
may determine the severity of the occlusion event in consid-
eration of the degree to which bounding boxes correspond-
ing to the sport participants acquired from the image data
overlap as described above.

[0350] As another example, the player tracking server
1000 may determine the severity of the occlusion event in
consideration of a [Jifrag in the total number of pixels cor-
responding to the sport participants acquired from the image
data as described above.

[0351] As another example, the player tracking server
1000 may determine the severity of the occlusion event on
the basis of the number of sport participants located within a
predetermined region from a specific sport participant in
consideration of the locations of the sport participants
acquired from the positioning sensor data as described
above.

[0352] As another example, the player tracking server
1000 may determine the severity of the occlusion event in
consideration of team information of the sport participants
related to the occlusion event as described above. The team
information of the sport participants may be acquired from
pixel information corresponding to the uniforms of the sport
participants in the image data and especially in an RGB
map. Alternatively, the team information of the sport parti-
cipants may be acquired from an identifier included in the
positioning sensor data.

[0353] As another example, the player tracking server
1000 may determine the severity of the occlusion event in
consideration of a “situation” of a game in which the occlu-
sion event is detected as described above.

[0354] In this case, the severity of the occlusion event may
be quantified by any suitable method. Alternatively, an
occlusion event may be classified by any suitable criterion
according to the degree of severity.

[0355] In operation S1330, it may be determined whether
a result of determining the severity of the occlusion event
derived in operation S1320 is greater than or equal to a pre-
determined value. Specifically, the player tracking server
1000 may determine whether the severity value of the occlu-
sion event quantified in operation S1320 is greater than or
equal to the predetermined value.

[0356] As an example, when the quantified severity value
of the occlusion event is greater than or equal to the prede-
termined value, it may be determined or predicted that the
location of the sport participant computed based on the
image data is invalid. Therefore, in operation S 1350,
when the quantified severity value of the occlusion event
is greater than or equal to the predetermined value, the
player tracking server 1000 may determine the location of
the sport participant on the basis of a positioning sensor-
based location computed based on the positioning sensor
data rather than the image data.

[0357] As another example, when the quantified severity
value of the occlusion event is less than the predetermined
value, it may be determined or predicted that the location of
the sport participant computed based on the image data is
valid. Therefore, in operation S1340, when the quantified
severity value of the occlusion event is less than the prede-
termined value, the player tracking server 1000 may deter-
mine the location of the sport participant on the basis of an
image-based location computed based on the image data.
[0358] Alternatively, the player tracking server 1000 may
determine whether to determine the player’s location on the
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basis of the image data or on the basis of the positioning
sensor data according to the result of classifying the severity
of the occlusion event in operation S1320.

[0359] As an example, the player tracking server 1000
may designate the occlusion event as a mild occlusion
event or a severe occlusion event depending on the severity
of the occlusion event. In this case, the player tracking ser-
ver 1000 may determine the location of the sport participant
on the basis of the image data according to the result of
designating the occlusion event as the mild occlusion
event. On the other hand, the player tracking server 1000
may determine the location of the sport participant on the
basis of the positioning sensor data according to the result
of designating the occlusion event as the severe occlusion
event.

[0360] In operation S1360, the location of the sport parti-
cipant may be output or updated on the basis of the deter-
mined location of the sport participant. The output location
of the sport participant may be a coordinate value corre-
sponding to any suitable coordinate system.

[0361] The following description will refer to FIG. 18.
FIG. 18 is a flowchart illustrating a training process for an
artificial neural network related to a coordinate conversion
algorithm according to an embodiment of the present
disclosure.

[0362] A training method using an artificial neural net-
work of a coordinate conversion unit according to an embo-
diment of the present disclosure may include acquiring
image data and an image-based location (S2100), acquiring
sensor data and a positioning sensor-based location (S2200),
verifying the image-based location (S2300), preparing a
training set (S2400), and training the artificial neural net-
work using the training set (S2500). The training method
using the artificial neural network may be implemented by
the player tracking server 1000 according to an embodiment
of the present disclosure or in any separate training module.
[0363] In operation S2100, image data transmitted from
the image capture device 300 may be acquired. Also, an
image-based location may be acquired from the image
data. The image-based location may be acquired from a
coordinate value of a pixel corresponding to a location of a
sport participant included in the image data.

[0364] In operation S2200, positioning sensor data trans-
mitted from the positioning sensor device 210 or 220 may be
acquired. Also, a positioning sensor-based location may be
acquired from the positioning sensor data. The positioning
sensor-based location may be acquired from location-related
data included in the positioning sensor data or may be
acquired from velocity- or acceleration-related data
included in the positioning sensor data. Specifically, in
operation S2200, a positioning sensor-based location and a
positioning sensor-based speed corresponding to the image-
based location may be acquired.

[0365] In operation S2300, whether the image-based loca-
tion acquired in operation S2100 is usable as a training set
may be verified based on the result of determining the valid-
ity of the image-based location.

[0366] As an example, the player tracking server 1000
may determine the validity of the image-based location on
the basis of whether the occlusion event is detected. In other
words, in operation S2300, whether the image-based loca-
tion is usable as a training set may be verified based on the
result of detecting the occlusion event in the image data.
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[0367] For example, when an occlusion event is detected
in the image data, it may be determined that the acquired
image-based location is not appropriate as a training set.
[0368] For example, when no occlusion event is detected
in the image data (or when an occlusion event is detected
and 1s determined not to be severe), it may be determined
that the acquired image-based location is usable as a training
set.

[0369] In operation S2400, the training set and the artifi-
cial neural network may be prepared according to the veri-
fication result of operation S2300.

[0370] The artificial neural network may include an input
layer, an output layer, and a hidden layer including a plur-
ality of nodes.

[0371] The training set may include the image-based loca-
tion verified in operation S2300 and a positioning sensor-
based location and a positioning sensor-based speed corre-
sponding to the image-based location. In this case, the
image-based location may be a location related to a first
coordinate system. Also, the positioning sensor-based loca-
tion may be a location related to a second coordinate system
different from the first coordinate system.

[0372] In operation S2500, the artificial neural network
may be trained using the training set prepared in operation
$2400.

[0373] For example, the positioning sensor-based location
and the positioning sensor-based speed of the training set
may be input to the input layer. In this case, the input posi-
tioning sensor-based location and positioning sensor-based
speed may be converted from the second coordinate system
to the first coordinate system through the artificial neural
network and then may be output through the output layer.
In this case, weight values of the nodes included in the hid-
den layer may be adjusted based on a difference between the
image-based location of the training set and the output value
output through the output layer.

[0374] By appropriately adjusting the weight values of the
plurality of nodes, the artificial neural network may be
trained such that errors between the image-based location
of the training set and output values output through the out-
put layer can be reduced.

[0375] FIG. 19 is a flowchart illustrating an example of the
player tracking method through coordinate conversion using
the trained artificial neural network of FIG. 18.

[0376] The player tracking method through coordinate
conversion using the trained artificial neural network may
include acquiring image data and an image-based location
(S3100), acquiring positioning sensor data (S3200), deter-
mining the validity of the image-based location (S3300),
and determining a location of a sport participant (S3400,
S3500, or S3600).

[0377] In operation S3100, image data transmitted from
the image capture device 300 may be acquired. Also, an
image-based location may be acquired from the image
data. The image-based location may be acquired from a
coordinate value of a pixel corresponding to a location of a
sport participant included in the image data.

[0378] In operation S3200, positioning sensor data trans-
mitted from the positioning sensor device 200 may be
acquired.

[0379] In operation S3300, the player tracking server 1000
may determine the validity of the image-based location.
[0380] As an example, according to any suitable method
of determining the validity of the image-based location that
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has been described with reference to FIGS. 5 to 10, the
validity of the image-based location acquired in operation
S$3100 may be determined or predicted.

[0381] For example, the validity of the image-based loca-
tion may be determined by the player tracking server 1000
in consideration of at least one of the presence of a detected
occlusion event, a result of determining the severity of the
occlusion event, a vertical movement of a sport participant,
and an internal disparity of the image-based location.
[0382] In operation S3400, when it is determined in opera-
tion S3300 that the image-based location is valid, the player
tracking server 1000 may determine the location of the sport
participant on the basis of the image-based location.

[0383] On the other hand, when it is determined in opera-
tion S3300 that the image-based location is invalid, the
player tracking server 1000 may determine the location of
the sport participant on the basis of the positioning sensor
data.

[0384] In operation S3500, a positioning sensor-based
location may be acquired from the positioning sensor data
acquired in operation S3200. The positioning sensor-based
location may be acquired from location-related data
included in the positioning sensor data or may be acquired
from velocity- or acceleration-related data included in the
positioning sensor data. Specifically, in operation S3500, a
positioning sensor-based location and positioning sensor-
based speeds corresponding to the image-based location
may be acquired.

[0385] Referring to FIG. 19, it is shown that the position-
ing sensor-based location is acquired only when it is deter-
mined in operation S3300 that the image-based location is
invalid, but this is just an example. It is obvious that the
positioning sensor-based location or the positioning sen-
sor-based speed may be computed from the positioning sen-
sor data in operation S3200 as well as in operation S3500.
[0386] In operation S3600, the positioning sensor-based
location and the positioning sensor-based speed acquired
in operation S3500 may be input as an input value of the
input layer of the trained artificial neural network.

[0387] The positioning sensor-based location and the posi-
tioning sensor-based speed may be values acquired in the
second coordinate system. Also, the positioning sensor-
based location and the positioning sensor-based speed may
be values of a location and a speed corresponding to the
image-based location determined to be invalid.

[0388] In operation S3600, as the positioning sensor-
based location and the positioning sensor-based speed of
the second coordinate system input to the input layer may
pass through the artificial neural network, coordinates may
be converted with respect to the image-based location of the
first coordinate system.

[0389] The player tracking server 1000 may determine the
location of the sport participant on the basis of the value
output in operation S3600.

[0390] With the above-described player tracking method
according to an embodiment according to the present disclo-
sure, by tracking a player on the basis of image data first, it
is possible to facilitate recognition of a behavior or situation
of a sport participant, and it is also possible to implement
location measurement with relatively high accuracy, which
are merits of the image data. However, in the case of image
data, it may be difficult to distinguish objects due to occlu-
sion events, etc., and data processing efficiency may be
slightly lower because the data size is relatively large. How-
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ever, such disadvantages of image data can be compensated
for with positioning sensor data.

[0391] When the location of the sport participant is deter-
mined from positioning sensor data acquired from a posi-
tioning sensor device, it is easy to distinguish between
sport participants, and even at night, it is possible to easily
compute the locations of sport participants. Furthermore, the
amount of computation is small because the data size is rela-
tively small. Also, conveniently, image capture devices do
not have to be installed in advance near a playfield or the
like. However, sport participants need to wear positioning
sensor devices, and the influence of structures near a play-
field may be great. Also, it may be relatively complicated to
recognize events or behaviors of sport participants com-
pared to image data.

[0392] On the other hand, when a sport participant’s
movement is tracked based on image data acquired from
an image capture device, structures near a playfield do not
have any influence, and it is easy to recognize events or
behaviors of sport participants.

[0393] Therefore, in another example of the player track-
ing method according to an embodiment of the present dis-
closure, a location of a sport participant may be determined
from positioning sensor data. However, the location of the
sport participant may be determined in further consideration
of the location of the sport participant computed from image
data only when the location of the sport participant com-
puted from the positioning sensor data is invalid.

[0394] The player tracking method according to another
embodiment of the present disclosure may be implemented
by the player tracking system 100 shown in FIG. 3. Also, the
player tracking method according to an embodiment of the
present disclosure may be implemented by the player track-
ing server 1000 shown in FIG. 4.

[0395] The following description will refer to FIG. 20.
FIG. 20 is a flowchart illustrating a player tracking method
according to an embodiment of the present disclosure.
Referring to FIG. 20, the player tracking method according
to an embodiment of the present disclosure may include
acquiring image data (S4100), acquiring positioning sensor
data (S4200), and determining a player’s location (S4300).
[0396] The details of operations S1100, S1200, and S1300
described with reference to FIG. 16 may be equally applied
to operations S4100, S4200, and S4300. Therefore, the fol-
lowing description will focus on the details of FIG. 21 dif-
ferent from or added to those of FIGS. 16 to 19.

[0397] The following description will refer to FIG. 21.
FIG. 21 is a flowchart illustrating the player tracking method
according to an embodiment of the present disclosure and is
a diagram illustrating operation S4300 of FIG. 20 in detail.
[0398] Referring to FIG. 21, operation S4300 according to
an embodiment of the present disclosure may include deter-
mining whether the positioning sensor-based location is
valid (S4310), verifying and predicting the validity of the
image-based location (S4330 and S4340), determining the
player’s location on the basis of at least one of the position-
ing sensor-based location or the image-based location
(S4320 or S4350), and outputting the determined location
as the player’s location (S4360).

[0399] In operation S4310, whether the positioning sen-
sor-based location acquired from the positioning sensor
data is valid may be determined.

[0400] As an example, the above-described player track-
ing server 1000 may evaluate the validity of the positioning
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sensor-based location in consideration of reliability-related
data of the positioning sensor-based location included in the
positioning sensor data. Specifically, reliability-related
information (e.g., DoP, SNR) regarding the positioning sen-
sor-based location may be included in the positioning sensor
data. In this case, the player tracking server 1000 may eval-
uate the validity of the positioning sensor-based location in
consideration of the reliability-related information acquired
from the positioning sensor data and a preset reliability-
related threshold value. For example, when the reliability-
related information included in the positioning sensor data is
greater than the preset threshold value, the player tracking
server 1000 may determine that the player’s positioning sen-
sor-based location computed from the positioning sensor
data is valid. On the other hand, when the reliability-related
information included in the positioning sensor data is smal-
ler than the preset threshold value, the player tracking server
1000 may determine that the player’s positioning sensor-
based location computed from the positioning sensor data
is invalid.

[0401] As another example, the player tracking server
1000 may evaluate the validity of the positioning sensor-
based location in consideration of an internal disparity of
the positioning sensor-based location acquired from the
positioning sensor data. Specifically, when a
between a positioning sensor-based location corresponding
to a first time point and a positioning sensor-based location
corresponding to a second time point is greater than a pre-
determined threshold value, the player tracking server 1000
may determine that the positioning sensor-based location
computed from the positioning sensor data corresponding
to the second time point is invalid.

[0402] As another example, the player tracking server
1000 may evaluate the validity of the positioning sensor-
based location in consideration of a difference or disparity
between the positioning sensor-based location acquired
from the positioning sensor data and the image-based loca-
tion acquired from the image data. This will be described in
detail below with reference to FIG. 22.

[0403] In operation S4320, when it is determined by the
player tracking server 1000 that the positioning sensor-
based location is valid in operation S4310, the location of
the sport participant may be determined based on the posi-
tioning sensor-based location.

[0404] On the other hand, when it is determined by the
player tracking server 1000 that the positioning sensor-
based location is invalid in operation S4310, the operations
of verifying the validity of the image-based location (S4330
and S4340) may be additionally included.

[0405] The operation of verifying the validity of the
image-based location may include verifying the validity of
the image-based location (S4330) and determining whether
the image-based location is predicted to be valid (S4340).
[0406] In operation S4330, the validity of the image-based
location acquired from the image data may be verified in
consideration of at least one of the presence of an occlusion
event having occurred in the image data, the severity of the
occlusion event, the internal disparity of the image-based
location acquired from the image data, and a vertical move-
ment of the sport participant.

[0407] According to an embodiment, as described above,
the player tracking server 1000 may use various methods to
detect an occlusion event or determine whether an occlusion
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event has occurred and may verify or predict the validity of
the image-based location on the basis of the occlusion event.
[0408] As an example, the player tracking server 1000
may detect an occlusion event or determine whether an
occlusion event has occurred in consideration of the degree
to which bounding boxes corresponding to sport participants
acquired from the image data overlap.

[0409] As another example, the player tracking server
1000 may detect an occlusion event or determine whether
an occlusion event has occurred in consideration of data on
pixels related to the sport participant acquired from the
image data.

[0410] As another example, the player tracking server
1000 may detect an occlusion event or determine whether
an occlusion event has occurred in consideration of loca-
tions of the sport participants acquired from the positioning
sensor data. Specifically, the player tracking server 1000
may determine that an occlusion event has occurred when
a predetermined number or more of sport participants are
located in a predetermined region from a positioning sen-
sor-based location corresponding to a specific sport
participant.

[0411] As another example, the player tracking server
1000 may detect an occlusion event or determine whether
an occlusion event has occurred in consideration of loca-
tions of the sport participants acquired from the positioning
sensor data and data regarding a line-of-sight and an orien-
tation of the image capture device.

[0412] In the player tracking method according to an
embodiment of the present disclosure, when an occlusion
event is detected or when it is determined that an occlusion
has occurred, it may be predicted in operation S4340 that the
image-based location is invalid.

[0413] However, even though an occlusion event is
detected or it is determined that an occlusion has occurred,
when the severity of the occlusion is not severe, it may be
predicted in the operation S4340 that the image-based loca-
tion is valid. To this end, when an occlusion event has
occurred, the validity of the image-based location may be
verified or predicted in additional consideration of the sever-
ity of the occlusion event.

[0414] According to an embodiment, as described above,
the player tracking server 1000 may determine the severity
of the occlusion event using various methods and may ver-
ify or predict the validity of the image-based location.
[0415] In the player tracking method according to an
embodiment of the present disclosure, when a severe occlu-
sion event is detected or when it is determined that a
detected occlusion is severe, it may be predicted in opera-
tion S4340 that the image-based location is invalid. On the
other hand, when a mild occlusion event is detected or when
it is determined that a detected occlusion is mild, it may be
predicted in operation S4340 that the image-based location
is valid.

[0416] According to an embodiment, the player tracking
server 1000 may verify or predict the validity of the image-
based location in consideration of the image-based location
acquired from the image data and a vertical movement of the
sport participant at the same time point.

[0417] Referring to FIG. 9A again, when there is substan-
tially no vertical movement of a sport participant 1 included
in image data, the difference between a location .1 image of
the sport participant 1 computed from the image data and an
actual location LO of the sport participant 1 may be rela-
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tively small. Therefore, the player tracking server 1000
may predict or determine that the location L1 image of the
sport participant 1 acquired from the image data is valid.
[0418] On the other hand, referring to FIG. 9B again,
when there is substantially a vertical movement of the
sport participant 1 included in the image data, the difference
between a location L2 image of the sport participant 1 com-
puted from the image data and an actual location LO of the
sport participant 1 may be relatively large. In other words,
when there is substantially a vertical movement of the sport
participant 1 included in the image data, the location 1.2
image of the sport participant 1 computed from the image
data is likely to have a significant error with respect to the
actual location LO. Therefore, the player tracking server
1000 may predict or determine that the location .2 image
of the sport participant 1 acquired from the image data is
invalid.

[0419] In the player tracking method according to an
embodiment of the present disclosure, when a vertical
movement of the sport participant is detected, it may be pre-
dicted in operation S4340 that an image-based location
acquired at a time point when the vertical movement is
detected is invalid. On the other hand, when no vertical
movement of the sport participant is detected, it may be pre-
dicted in S4340 that an image-based location is valid.
[0420] According to an embodiment, the player tracking
server 1000 may verify or predict the validity of the image-
based location in consideration of an internal disparity of the
image-based location acquired from the image data.

[0421] Referring to FIG. 10 again, when the difference
between a location Lt1_image of the sport participant com-
puted from a first time point and a location Lt2 image of the
sport participant computed from a second time point is
greater than a predetermined threshold value, the player
tracking server 1000 may determine that the location Lt2
image of the sport participant computed from the second
time point is invalid. On the other hand, when the difference
between a location Lt3 image of the sport participant com-
puted from a third time point and a location Lt4 image of the
sport participant computed from a fourth time point is smal-
ler than the predetermined threshold value, the player track-
ing server 1000 may determine that the location Lt4 image
of the sport participant computed from the fourth time point
is valid.

[0422] In the player tracking method according to an
embodiment of the present disclosure, when the internal dis-
parity of the image-based location is measured to be greater
than a predetermined threshold value, it may be predicted in
operation S4340 that the image-based location is invalid. On
the other hand, when the internal disparity of the image-
based location is measured to be smaller than the predeter-
mined threshold value, it may be predicted in operation
S4340 that the image-based location is valid.

[0423] As described above, when it is predicted in opera-
tion S4340 that the image-based location is valid, the player
tracking server 1000 may determine the player’s location on
the basis of the image-based location (S4350).

[0424] On the other hand, when it is predicted in operation
S4340 that the image-based location is invalid, the player
tracking server 1000 may determine the player’s location
on the basis of the positioning sensor-based location rather
than the image-based location (S4320).

[0425] FIG. 21 shows that the player tracking server 1000
may determine the player’s location on the basis of the posi-
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tioning sensor-based location rather than the image-based
location (S4320) when it is predicted in operation S4340
that the image-based location is invalid, but the present dis-
closure is not limited thereto. Accordingly, even when it is
predicted in operation S4340 that the image-based location
is invalid, it is obvious that any suitable method such as the
method of determining the player’s location may be applied
by the player tracking server 1000 in consideration of both
of the image-based location and the positioning sensor-
based location (e.g., by assigning weight values correspond-
ing to reliability).

[0426] In operation S4360, by outputting the determined
location of the sport participant, the location of the sport
participant may be output or updated. The output location
of the sport participant may be a coordinate value corre-
sponding to any suitable coordinate system.

[0427] With the above-described player tracking method
according to an embodiment according to the present disclo-
sure, by tracking a player on the basis of positioning sensor
data first, it is possible to increase data processing efficiency,
and it is also possible to facilitate the distinction between
sport participants, which are merits of the positioning sensor
data. However, in the case of the positioning sensor data, the
accuracy of location calculation may [SiEIag depending on a
surrounding structure, and it may be somewhat insufficient
for recognizing a behavior or situation of a sport participant.
Adventageoulsy, these disadvantages of the positioning sen-
sor data can be compensated for by the image data.

[0428] When the location of the sport participant is deter-
mined from positioning sensor data acquired from a posi-
tioning sensor device, it is easy to distinguish between
sport participants, and even at night, it is possible to easily
compute the locations of sport participants. Furthermore, the
amount of computation is small because the data size is rela-
tively small. Also, conveniently, image capture devices do
not have to be installed in advance near a playfield or the
like.

[0429] When a location of a sport participant is deter-
mined from image data acquired from an image capture
device, it is possible to accurately measure the location of
the sport participant, and the influence of structures near a
playfield is relatively small. Furthermore, it is relatively
easy to recognize or analyze the sport participant’s motion,
and it is possible to provide convenient use indoors. Also,
conveniently, the sport participant does not need to wear a
positioning sensor device.

[0430] Therefore, with the player tracking method accord-
ing to an embodiment of the present disclosure, by deter-
mining a location of a sport participant in consideration of
both of positioning sensor data and image data, it is possible
to utilize advantages of both of the positioning sensor data
and the image data. Also, by determining a location of a
sport participant by generating and comparing reliability
indices of a positioning sensor-based location and an
image-based location, it is possible to more accurately
track the sport participant.

[0431] The player tracking method according to an embo-
diment of the present disclosure may be implemented by the
player tracking system 100 shown in FIG. 3. Also, the
player tracking method according to an embodiment of the
present disclosure may be implemented by the player track-
ing server 1000 shown in FIG. 4.

[0432] The player tracking server 1000 according to an
embodiment of the present disclosure may generate a relia-
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bility index related to the image-based location and a relia-
bility index related to the positioning sensor-based location.
The player tracking server 1000 may be provided to gener-
ate the reliability index related to the image-based location
and the reliability index related to the positioning sensor-
based location.

[0433] Specifically, the player tracking server 1000 may
generate a reliability index for reliability related to a posi-
tioning sensor-based location acquired from positioning
sensor data. Specifically, the player tracking server 1000
may generate the reliability index for the positioning sen-
sor-based location on the basis of a result of evaluating the
validity of the positioning sensor-based location.

[0434] As an example, information (e.g., DoP, SNR)
related to the reliability of a sensor signal may be included
in the positioning sensor data. In this case, the player track-
ing server 1000 may evaluate the validity of the positioning
sensor-based location on the basis of the information (e.g.,
DoP, SNR) related to the reliability of the sensor signal, and
the player tracking server 1000 may generate the reliability
index for the positioning sensor-based location in considera-
tion of the information (e.g., DoP, SNR) related to the relia-
bility of the sensor signal on the basis of the evaluation.
[0435] As another example, the player tracking server
1000 may evaluate the validity of the positioning sensor-
based location on the basis of the internal disparity of the
positioning sensor-based location computed from the posi-
tioning sensor data. In this case, the player tracking server
1000 may generate the reliability index for the positioning
sensor-based location on the basis of a result of evaluating
the validity of the positioning sensor-based location based
on the internal disparity of the positioning sensor-based
location.

[0436] Also, the player tracking server 1000 may generate
a reliability index for reliability related to an image-based
location acquired from image data. Specifically, the player
tracking server 1000 may generate the reliability index for
the image-based location on the basis of a result of evaluat-
ing the validity of the image-based location.

[0437] As an example, the player tracking server 1000
may evaluate the validity of the image-based location
acquired from the image data according to whether an occlu-
sion event is detected. In this case, the player tracking server
1000 may generate the reliability index for the image-based
location on the basis of a result of evaluating the validity of
the image-based location according to whether an occlusion
event is detected.

[0438] As another example, the player tracking server
1000 may evaluate the validity of the image-based location
acquired from the image data in consideration of a vertical
movement of the sport participant. In this case, the player
tracking server 1000 may generate the reliability index for
the image-based location on the basis of a result of evaluat-
ing the validity of the image-based location in consideration
of the vertical movement of the sport participant.

[0439] As another example, the player tracking server
1000 may evaluate the validity of the image-based location
on the basis of the internal disparity of the image-based
location computed from the image data. In this case, the
player tracking server 1000 may generate the reliability
index for the image-based location on the basis of a result
of evaluating the validity of the image-based location based
on the internal disparity of the image-based location.
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[0440] In this case, the player tracking server 1000 may
determine the location of the sport participant by comparing
the generated reliability index for the positioning sensor-
based location and the generated reliability index for the
image-based location.

[0441] Here, in order to compare the reliability index for
the positioning sensor-based location and the reliability
index for the image-based location, standardization is
required between the reliability indices. Therefore, the
player tracking server 1000 according to an embodiment
of the present disclosure may perform the standardization
between the reliability index related to the image-based
location and the reliability index related to the positioning
sensor-based location. The player tracking server 1000 may
perform the standardization with respect to the reliability
index related to the image-based location and the reliability
index related to the positioning sensor-based location.
[0442] The standardization of the reliability indices by the
player tracking server 1000 may be for correcting or stan-
dardizing the reliability indices using any suitable statistical
method or standardization model to compare the reliability
index related to the image-based location and the reliability
index related to the positioning sensor-based location.
[0443] The following description will refer to FIG. 22.
FIG. 22 is a flowchart illustrating a player tracking method
according to an embodiment of the present disclosure.
[0444] Referring to FIG. 22, the player tracking method
according to an embodiment of the present disclosure may
include acquiring positioning sensor data and a positioning
sensor-based location (S5100), acquiring image data and an
image-based location (S5200), determining an error possi-
bility of at least one of the positioning sensor-based location
and the image-based location (S5300), and determining a
player’s location (S5400, S5500, and S5600). In this case,
the operation of determining a player’s location may include
comparing reliability indices of the positioning sensor-based
location and the image-based location (S5500) and deter-
mining the player’s location (S5600) and determining the
player’s location on the basis of one of the positioning sen-
sor-based location and the image-based location (S5400),
depending on a result of determining the error possibility
in operation S5300.

[0445] In operation S5100, positioning sensor data trans-
mitted from the positioning sensor device 210 or 220 may be
acquired. Also, a positioning sensor-based location may be
acquired from the positioning sensor data. The positioning
sensor-based location may be acquired from location-related
data included in the positioning sensor data or may be
acquired from velocity- or acceleration-related data
included in the positioning sensor data.

[0446] In operation S5200, image data transmitted from
the image capture device 300 may be acquired. Also, an
image-based location may be acquired from the image
data. The image-based location may be acquired from a
coordinate value of a pixel corresponding to a location of a
sport participant included in the image data.

[0447] In operation S5300, it may be determined whether
the positioning sensor-based location acquired in operation
S5100 is valid and whether the image-based location
acquired in operation S5200 is valid. Therefore, the embo-
diments of the player tracking server 1000 that determines
the validity of the image-based location and the positioning
sensor-based location, which have been described with
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reference to FIGS. 5 to 12, may be implemented in operation
S5400.

[0448] According to an embodiment, in operation S5300,
an error possibility of at least one of the positioning sensor-
based location and the image sensor-based location may be
determined.

[0449] As an example, the error possibility of at least one
of the positioning sensor-based location and the image-
based location may be determined in consideration of the
difference between the positioning sensor-based location
and the image-based location.

[0450] For example, the player tracking server 1000 may
compute a disparity index between the image-based location
of the sport participant acquired from the image data and the
positioning sensor-based location of the sport participant
acquired from the positioning sensor data according to a
time variable. In this case, the player tracking server 1000
may determine the validity of at least one of the image-
based location and the positioning sensor-based location
on the basis of the disparity index.

[0451] Specifically, the player tracking server 1000 may
compute a first disparity index corresponding to the differ-
ence between a first image-based location and a first posi-
tioning sensor-based location which are acquired at a first
time point. Also, the player tracking server 1000 may com-
pute a second disparity index corresponding to the differ-
ence between a second image-based location and a second
positioning sensor-based location which are acquired at a
second time point.

[0452] In this case, the player tracking server 1000 may
evaluate the validity of at least one of the positioning sen-
sor-based location (e.g., the first positioning sensor-based
location and the second positioning sensor-based location)
and the image-based location (e.g., the first image-based
location and the second image-based location) in considera-
tion of the size of the first disparity index and the size of the
second disparity index. For example, when the first disparity
index exceeds a predetermined first threshold value, the
player tracking server 1000 may determine that an error is
present in at least one of the first image-based location and
the first positioning sensor-based location acquired at the
first time point. On the other hand, when the second dispar-
ity index is less than a predetermined second threshold
value, the player tracking server 1000 may determine that
one or both of the second image-based location and the sec-
ond positioning sensor-based location acquired at the sec-
ond time point are valid. In this case, the first threshold
value and the second threshold value may be the same
value or may be predetermined to be different values.
[0453] Also, the player tracking server 1000 may evaluate
the validity of at least one of the positioning sensor-based
location (e.g., the first positioning sensor-based location and
the second positioning sensor-based location) and the
image-based location (e.g., the first image-based location
and the second image-based location) in consideration of a
B in the first disparity index and a [l in the second
disparity index.

[0454] For example, when the variations of the first dis-
parity index and the second disparity index exceed a prede-
termined third threshold value (preferably, when it is deter-
mined that the first image-based location and the first
positioning sensor-based location which are related to the
first disparity index are valid), the player tracking server
1000 may determine that an error is present in at least one
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of the second image-based location and the second position-
ing sensor-based location acquired at the second time point.
On the other hand, when the variations of the first disparity
index and the second disparity index are less than a prede-
termined fourth threshold value (preferably, when it is deter-
mined that the first image-based location and the first posi-
tioning sensor-based location which are related to the first
disparity index are valid), the player tracking server 1000
may determine that one or both of the second image-based
location and the second positioning sensor-based location
acquired at the second time point are valid. In this case,
the third threshold value and the fourth threshold value
may be the same value or may be predetermined to be dif-
ferent values.

[0455] The above-described determination of the error
possibility of at least one of the image-based location and
the positioning sensor-based location in consideration of the
difference between the image-based location and the posi-
tioning sensor-based location is just an example, and the
validity of the image-based location or the positioning sen-
sor-based location may be determined using any suitable
method considering the difference between the image-
based location and the positioning sensor-based location.
[0456] When it is determined in operation S5300 that
there is no error possibility of at least one of the positioning
sensor-based location and the image-based location, that is,
when it is determined that both of the positioning sensor-
based location and the image-based location are valid, the
player tracking server 1000 may determine the location of
the sport participant on the basis of one of the positioning
sensor-based location and the image-based location in
operation S5400.

[0457] Alternatively, since the positioning sensor-based
location and the image-based location have a small error
possibility, the player tracking server 1000 may determine
the location of the sport participant in consideration of both
of the positioning sensor-based location and the image-
based location. For example, the player tracking server
1000 may determine the location of the sport participant
using the average of the positioning sensor-based location
and the image-based location. Alternatively, the player
tracking server 1000 may determine the location of the
sport participant in consideration of the reliability index of
the positioning sensor-based location and the reliability
index of the image-based location.

[0458] When it is determined in operation S5300 that
there is an error possibility of at least one of the positioning
sensor-based location and the image-based location, that is,
when it is determined that at least one of the positioning
sensor-based location and the image-based location is inva-
lid, an operation of comparing the first reliability index for
the positioning sensor-based location and the second relia-
bility index of the image-based location may be performed
by the player tracking server 1000 in operation S5500.
[0459] Specifically, the player tracking server 1000 may
generate the first reliability index for the positioning sen-
sor-based location in consideration of reliability-related
information included in the positioning sensor data. Alter-
natively, the player tracking server 1000 may generate the
first reliability index for the positioning sensor-based loca-
tion on the basis of a result of determining the validity of the
positioning sensor-based location based on the internal dis-
parity of the positioning sensor-based location.
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[0460] Also, the player tracking server 1000 may generate
the second reliability index for the image-based location on
the basis of a result of determining the validity of the image-
based location based on at least one of an occlusion event
related to the image-based location, a vertical movement of
the sport participant, and an internal disparity of the sport
participant.

[0461] Also, the player tracking server 1000 may standar-
dize the first reliability index and the second reliability
index.

[0462] In this case, in operations S5500 and S5600, the
player tracking server 1000 may determine the location of
the sport participant by comparing the first reliability index
for the positioning sensor-based location and the second
reliability index for the image-based location.

[0463] As an example, the player tracking server 1000
may determine the location of the sport participant on the
basis of a location corresponding to the higher one of the
first reliability index and the second reliability index.
[0464] For example, when the first reliability index is lar-
ger than the second reliability index, that is, when a posi-
tioning sensor-based location corresponding to the first
reliability index has relativity high reliability, the player
tracking server 1000 may determine the location of the
sport participant on the basis of the positioning sensor-
based location.

[0465] As another example, when the second reliability
index is greater than the first reliability index, that is, when
an image-based location corresponding to the second relia-
bility index has relatively high reliability, the player tracking
server 1000 may determine the location of the sport partici-
pant on the basis of the image-based location.

[0466] As another example, the player tracking server
1000 may determine the location of the sport participant
by assigning appropriate weight values to the positioning
sensor-based location and the image-based location in con-
sideration of the first reliability index and the second relia-
bility index.

[0467] For example, when the first reliability index is
greater than the second reliability index, the player tracking
server 1000 may determine the location of the sport partici-
pant by assigning a relatively high weight value to the posi-
tioning sensor-based location.

[0468] For example, when the second reliability index is
greater than the first reliability index, the player tracking
server 1000 may determine the location of the sport partici-
pant by assigning a relatively high weight value to the
image-based location.

[0469] For example, when the first reliability index is
similar or substantially identical to the second reliability
index, the player tracking server 1000 may determine the
location of the sport participant by assigning similar weight
values (e.g., a 1:1 weighted average) to the positioning sen-
sor-based location and the image-based location.

[0470] With the above-described player tracking method
according to an embodiment of the present disclosure, by
determining an error possibility of at least one of the posi-
tioning sensor-based location and the image-based location,
it is possible to accurately measure the location of the sport
participant.

[0471] Also, even when at least one of the positioning sen-
sor-based location and the image-based location may have
an error, the reliability of the positioning sensor-based loca-
tion and the image-based location may be evaluated. Thus,
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even in this case, it is possible to accurately measure the
location of the sport participant.

[0472] As described above, although the description was
focused on determining the validity in consideration of the
difference between the image-based location and the posi-
tioning sensor-based location in operation S5300, this is just
an example. The operation, which is related to FIGS. 5 to
12, of determining the validity of the image-based location
and the positioning sensor-based location may be equally
applied.

[0473] In acquiring the location of the sport participant,
the accuracy of the location of the sport participant may
depending on the region of the playfield where the
sport participant is located. In other words, the reliability of
the acquired location may [iftaag depending on the region
of the playfield where the sport participant is located. This is
because reliability related to a sensor signal or image data
may [SIRTaey for each region of the playfield where the sport
participant is located.

[0474] For example, the reliability of the location of the
sport participant acquired from the positioning sensor data
may be affected by the structure or shape of a stadium near
the playfield where the sport participant is located. There-
fore, since the degree to which the influence of the structure
or shape of the stadium may be different for each region of
the playfield, the reliability of the location of the sport par-
ticipant acquired from the positioning sensor data may be
different for each region of the playfield.

[0475] Also, the reliability of the location of the sport par-
ticipant acquired from the image data may be affected by
factors such as the location, angle, lens distortion, and the
like of the image capture device. Therefore, the reliability of
the location of the sport participant acquired from the image
capture device may be different for each region of the
playfield.

[0476] Therefore, the play tracking method according to
another embodiment of the present disclosure may generate
a reliability map for each region of the playfield and use
reliability information corresponding to a playfield region
where the sport participant is located. Therefore, with the
play tracking method according to an embodiment of the
present disclosure, it is possible to more accurately acquire
the location of the sport participant.

[0477] The player tracking method according to an embo-
diment of the present disclosure may be implemented by the
player tracking system 100 shown in FIG. 3. Also, the
player tracking method according to an embodiment of the
present disclosure may be implemented by the player track-
ing server 1000 shown in FIG. 4.

[0478] The player tracking server 1000 according to an
embodiment of the present disclosure may generate a relia-
bility index for each region of the playfield related to the
image-based location and a reliability index for each region
of the playfield related to the positioning sensor-based loca-
tion. Also, the player tracking server 1000 may generate
reliability maps on the basis of the reliability index for
each region of the playfield related to the image-based loca-
tion and the reliability index for each region of the playfield
related to the positioning sensor-based location. Specifi-
cally, the player tracking server 1000 may be provided to
generate reliability maps on the basis of the reliability
index for each region of the playfield related to the image-
based location and the reliability index for each region of the
playfield related to the positioning sensor-based location.

Oct. 19, 2023

[0479] For each region of the playfield, the player tracking
server 1000 may generate a reliability index related to the
location of the sport participant acquired from the image
data. In this case, the player tracking server 1000 may gen-
erate the reliability index for the image-based location for
each region of the playfield in consideration of the location
of the sport participant on the playfield and a result of eval-
uating the validity of the image-based location.

[0480] The details described above with reference to
FIGS. 5 to 10 may be similarly applied to the determination
of the validity of the image-based location.

[0481] For each region of the playfield, the player tracking
server 1000 may generate a reliability index related to the
location of the sport participant acquired from the position-
ing sensor data. In this case, the player tracking server 1000
may generate the reliability index for the positioning sensor-
based location for each region of the playfield in considera-
tion of the location of the sport participant on the playfield
and a result of evaluating the validity of the positioning sen-
sor-based location.

[0482] The details described above with reference to
FIGS. 11 and 12 may be similarly applied to the determina-
tion of the validity of the positioning sensor-based location.
[0483] Also, the player tracking server 1000 may be pro-
vided to standardize the reliability index related to the
image-based location and the reliability index related to
the positioning sensor-based location. The standardization
of the reliability indices by the player tracking server 1000
may be for correcting or standardizing the reliability index
related to the image-based location and the reliability index
related to the positioning sensor-based location using any
suitable statistical method or standardization model to com-
pare the reliability indices.

[0484] Also, the player tracking server 1000 may generate
a first reliability map on the basis of the generated and stan-
dardized reliability index for each region of the playfield
related to the positioning sensor-based location. In this
case, the first reliability map may include information on a
reliability index related to a positioning sensor-based loca-
tion acquired according to a region of the playfield.

[0485] The following description will refer to FIG. 23.
FIG. 23 is an example diagram of the first reliability map
according to an embodiment of the present disclosure.
Referring to FIG. 23, the first reliability map may include
reliability information related to the positioning sensor-
based location.

[0486] A plurality of regions including a first region R1
sensor, a second region R2 sensor, a third region R3 sensor,
and a fourth region R4 _sensor included in the first reliability
map may be regions corresponding to a plurality of regions
of the playfield.

[0487] Also, the reliability information related to the posi-
tioning sensor-based location may be different for each of
the plurality of regions included in the first reliability map.
[0488] As an example, reliability information related to
the first region R1 sensor of the first reliability map may
have a relatively high value. For example, considering the
structure of the stadium near the playfield, a sensor signal
with high reliability may be received when a sport partici-
pant is located in the center of the playfield corresponding to
the first region R1_sensor.

[0489] As another example, reliability information related
to the second region R2 sensor of the first reliability map
may have a relatively low value. For example, considering
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the structure of the stadium near the playfield, a sensor sig-
nal with relatively low reliability may be received when a
sport participant is located at a corner of the playfield corre-
sponding to the second region R2 sensor because the sensor
signal may be affected by the structure of the stadium.
[0490] As another example, reliability information related
to the third region R3 sensor or the fourth region R4 sensor
of the first reliability map may have a value lower than relia-
bility related to the first region R1 sensor and higher than
reliability related to the second region R2 _sensor.

[0491] However, the above-described reliability for each
region of the first reliability map is just an example for con-
venience of description, and it is obvious that the reliability
for each region may vary depending on the structure and
shape of the stadium.

[0492] Also, the player tracking server 1000 may generate
a second reliability map on the basis of the generated and
standardized reliability index for each region of the playfield
related to the image-based location.

[0493] In this case, the second reliability map may include
information on a reliability index related to an image-based
location acquired according to a region of the playfield.
[0494] The following description will refer to FIG. 24.
FIG. 24 is an example diagram of the second reliability
map according to an embodiment of the present disclosure.
Referring to FIG. 24, the second reliability map may include
reliability information related to the image-based location.
[0495] A plurality of regions including a first region
R1 image, a second region R2 image, a third region
R3 image.a fourth region R4_image, and a fifth region RS
image included in the second reliability map may be regions
corresponding to a plurality of regions of the playfield.
[0496] Also, the reliability information related to the
image-based location may be different for each of the plur-
ality of regions included in the second reliability map.
[0497] As an example, reliability information related to
the first region R1 image of the second reliability map may
have a relatively high value. For example, considering an
orientation, which includes a location and an angle, of the
image capture device 300, image data with relatively low
distortion may be acquired when a sport participant is
located in the region of the playfield corresponding to the
first region R1_image. Therefore, when a sport participant
is located in the region of the playfield corresponding to the
first region R1_image, the image-based location acquired
from the image data may have relatively high reliability.
[0498] As another example, reliability information related
to the second region R2_image of the second reliability map
may have a relatively low value. For example, considering
an orientation, which includes a location and an angle, of the
image capture device 300, image data with relatively large
distortion may be acquired when a sport participant is
located in the region of the playfield corresponding to the
second region R2_image. Therefore, when a sport partici-
pant is located in the region of the playfield corresponding
to the second region R2 image, the image-based location
acquired from the image data may have relatively low
reliability.

[0499] As another example, considering an orientation,
which includes a location and an angle, of the image capture
device 300, reliability information related to the third region
R3 image, the fourth region R4 _image, or the fifth region
RS5 image of the second reliability map may have a value
lower than reliability related to the first region R1 image
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of the second reliability map and higher than reliability
related to the second region R2_image.

[0500] However, the above-described reliability for each
region of the second reliability map is just an example for
convenience of description, and it is obvious that the relia-
bility for each region may vary depending on an arrange-
ment, a number, lens distortion, and the like related to the
location and orientation of the image capture device 300.
[0501] The following description will refer to FIG. 25.
FIG. 25 is a flowchart illustrating a player tracking method
according to an embodiment of the present disclosure.
[0502] Referring to FIG. 25, the player tracking method
according to an embodiment of the present disclosure may
include acquiring positioning sensor data and a positioning
sensor-based location (S6100), acquiring reliability for each
region of the positioning sensor-based location (S6200),
acquiring image data and an image-based location
(S6300), acquiring reliability for each region of the image-
based location (S6400), generating a reliability map
(S6500), and determining a player’s location on the basis
of the reliability of a reliability map region (S6600).

[0503] In operation S6100, positioning sensor data trans-
mitted from the positioning sensor device 210 or 220 may be
acquired. Also, a positioning sensor-based location may be
acquired from the positioning sensor data. The positioning
sensor-based location may be acquired from location-related
data included in the positioning sensor data or may be
acquired from velocity- or acceleration-related data
included in the positioning sensor data.

[0504] In operation S6200, reliability for each region of
the positioning sensor-based location may be acquired.
[0505] In this case, the reliability for each region of the
positioning sensor-based location may be generated by the
player tracking server 1000. For example, as described
above, the player tracking server 1000 may generate, for
each region of the playfield, a reliability index related to
the location of the sport participant acquired from the posi-
tioning sensor data. In this case, the player tracking server
1000 may generate the reliability index for the positioning
sensor-based location for each region of the playfield in con-
sideration of the location of the sport participant on the play-
field and a result of evaluating the validity of the positioning
sensor-based location.

[0506] Also, the reliability for each region of the position-
ing sensor-based location may be a reliability index standar-
dized by the player tracking server 1000.

[0507] The player tracking server 1000 may generate a
reliability map related to the positioning sensor-based loca-
tion on the basis of the acquired reliability for each region of
the positioning sensor-based location.

[0508] In operation S6300, image data transmitted from
the image capture device 300 may be acquired. Also, an
image-based location may be acquired from the image
data. The image-based location may be acquired from a
coordinate value of a pixel corresponding to a location of a
sport participant included in the image data.

[0509] In operation S6400, reliability for each region of
the image-based location may be acquired.

[0510] In this case, the reliability for each region of the
image-based location may be generated by the player track-
ing server 1000. For example, as described above, the player
tracking server 1000 may generate, for each region of the
playfield, a reliability index related to the location of the
sport participant acquired from the image data. In this
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case, the player tracking server 1000 may generate the relia-
bility index for the image-based location for each region of
the playfield in consideration of the location of the sport
participant on the playfield and a result of evaluating the
validity of the image-based location.

[0511] Also, the reliability for each region of the image-
based location may be a standardized reliability index.
[0512] The player tracking server 1000 may generate a
reliability map related to the image-based location on the
basis of the acquired reliability for each region of the
image-based location.

[0513] In operation S6500, the player tracking server 1000
may generate the first reliability map related to the position-
ing sensor-based location and the second reliability map
related to the image-based location in consideration of the
reliability for each region of the positioning sensor-based
location and the reliability for each region of the image-
based location.

[0514] TIthas been described that the player tracking server
1000 generates the first reliability map related to the posi-
tioning sensor-based location and the second reliability map
related to the image-based location, but this is just an exam-
ple. The player tracking server 1000 may generate a single
reliability map in consideration of both of the reliability for
each region of the positioning sensor-based location and the
reliability for each region of the image-based location.
[0515] In operation S6600, the player tracking server 1000
may determine the location of the sport participant in con-
sideration of the reliability information included in the first
reliability map related to the positioning sensor-based loca-
tion and the second reliability map related to the image-
based location, which are generated in operation S6500.
[0516] To this end, locations of the sport participant cor-
responding to the region of the first reliability map and the
region of the second reliability map should be additionally
considered.

[0517] Therefore, additionally, the player tracking server
1000 may be implemented to further acquire information
regarding a region of the playfield where the sport partici-
pant is located.

[0518] For example, the player tracking server 1000 may
acquire data related to the location of the sport participant
from the positioning sensor data, and the player tracking
server 1000 may detect the region of the playfield where
the sport participant is located on the basis of data related
to the location of the sport participant included in the posi-
tioning sensor data.

[0519] As another example, the player tracking server
1000 may acquire data related to the location of the sport
participant from the image data, and the player tracking ser-
ver 1000 may detect the region of the playfield where the
sport participant is located on the basis of data related to the
location of the sport participant included in the image data.
[0520] The player tracking server 1000 may determine the
location of the sport participant by sequentially considering
the first reliability information of the first reliability map
region and the second reliability information of the second
reliability map region corresponding to the detected region
where the sport participant is located.

[0521] As an example, the player tracking server 1000
may determine the location of the sport participant in con-
sideration of a location acquired from data having the higher
one of the first reliability information and the second relia-
bility information.
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[0522] For example, when a sport participant is located in
aregion where the first reliability information is higher than
the second reliability information, the player tracking server
1000 may determine the location of the sport participant on
the basis of the positioning sensor-based location.

[0523] As another example, when a sport participant is
located in a region where the second reliability information
is higher than the first reliability information, the player
tracking server 1000 may determine the location of the
sport participant on the basis of the image-based location.
[0524] As another example, the player tracking server
1000 may determine the location of the sport participant
by assigning weight values according to the first reliability
information and the second reliability information.

[0525] For example, when a sport participant is located in
aregion where the first reliability information is higher than
the second reliability information, the player tracking server
1000 may determine the location of the sport participant by
assigning a higher weight value to the positioning sensor-
based location than to the image-based location.

[0526] As another example, when a sport participant is
located in a region where the second reliability information
is higher than the first reliability information, the player
tracking server 1000 may determine the location of the
sport participant by assigning a higher weight value to the
image-based location than to the positioning sensor-based
location.

[0527] The above-described reliability map may be gener-
ated or updated during a sport game in real time. However,
this 1s just an example, and reliability maps related to the
image-based location and the positioning sensor-related
location may be pre-generated even before a sport game.
[0528] In the above, an embodiment in which an image-
based location is acquired from at least one image capture
device and the accuracy of the location of the sport partici-
pant is increased by additionally considering the positioning
sensor-based location has been described.

[0529] A player tracking method, a player tracking device,
and a player tracking system that increase the accuracy of a
location of a sport participant on the basis of a plurality of
pieces of image data acquired from a plurality of image cap-
ture devices will be described in detail below. Although the
description was focused on the player tracking system 100
according to this embodiment increasing the accuracy of the
location of the sport participant on the basis of a plurality of
pieces of image data acquired from a plurality of image cap-
ture devices, it is obvious that the positioning sensor-based
location can be additionally considered in combination.
[0530] FIG. 26 is a schematic diagram illustrating the
player tracking device, the player tracking system, and the
player tracking method according to an embodiment of the
present disclosure.

[0531] Referring to FIG. 26, with the player tracking
method, the player tracking device, and the player tracking
system according to an embodiment of the present disclo-
sure, a player’s location may be tracked using image data
acquired from a plurality of image capture devices.

[0532] A player tracking system 100 according to an
embodiment of the present disclosure will be described
below with reference to FIG. 26.

[0533] Referring to FIG. 26, the player tracking system
100 may include a plurality of image capture devices 301,
302, 303, and 304, a positioning sensor device 200, and a
player tracking server 2000. Meanwhile, FIG. 26 does not
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show the intermediate server 400 or the playfield shown in
FIG. 3, but this is for convenience of description, image data
or positioning sensor data may be acquired through the
intermediate server 400 of the player tracking system 100
of FIG. 3.

[0534] The plurality of image capture devices 301, 302,
303, and 304 of the player tracking system 100 may capture
a playfield and a sport participant 1, and the player tracking
device 2000 may continuously track the location of the sport
participant 1 by determining the location of the sport parti-
cipant 1 on the basis of image data acquired from the plur-
ality of image capture devices 301, 302, 303, and 304.
[0535] Referring to FIG. 26, the plurality of image capture
devices 301, 302, 303, and 304 may be located around the
playfield. The plurality of image capture devices 301, 302,
303, and 305 may capture image data including the playfield
and a plurality of sport participants 1 and transmit the image
data to the player tracking device 2000 according to an
embodiment of the present disclosure.

[0536] The plurality of image capture devices 301, 302,
303, and 304 may be arranged at different locations around
the playfield as shown in FIG. 26. However, this is just an
example, and the plurality of image capture devices 301,
302, 303, and 304 may be arranged at substantially the
same place or adjacent locations near the playfield. Also, it
is obvious that the plurality of image capture devices 301,
302, 303, and 304 may be arranged at any suitable location
in various ways.

[0537] In this case, the player tracking device 2000 may
additionally acquire, from a plurality of image capture
devices, data related to lens distortion parameters of the
plurality of image capture devices and arrangement infor-
mation related to the locations and orientations of the plur-
ality of image capture devices. Thus, image data that allows
a target sport participant to be detected well or that allows a
location of a target sport participant to be accurately
acquired may be selected. This will be described in detail
with reference to FIGS. 27 and 28.

[0538] In this case, the image data acquired from the plur-
ality of image capture devices may be labeled with informa-
tion regarding the image capture devices and transmitted to
the player tracking device 2000. For example, any suitable
labeling technique may be applied to include any suitable
data indicating that the first image data acquired from the
first image capture device 301 is captured from the first
image capture device 301. Also, any suitable labeling tech-
nique may be applied to include any suitable data indicating
that the second image data acquired from the second image
capture device 302 is captured from the second image cap-
ture device 302. Thus, an image capture device capable of
acquiring image data that allows a target sport participant to
be detected well or that allows a location of a target sport
participant to be accurately acquired may be determined to
track the sport participant through an occlusion prediction.
This will be described in detail with reference to FIGS. 29
and 30.

[0539] In this case, a plurality of sport participants 1 may
wear a positioning sensor device 200, and the player track-
ing server 2000 may acquire positioning sensor data as
described above with reference to FIG. 3. The positioning
sensor data related to the plurality of sport participants 1
may be considered in detecting the presence of an occlusion,
in generating a virtual playfield, or in detecting an occlusion.

Oct. 19, 2023

This will be described in detail with reference to FIGS. 27 to
31.

[0540] The player tracking device 2000 may be imple-
mented as a server device of any suitable type. Hereinafter,
the player tracking device 2000 is referred to as the player
tracking server 2000. However, this is just for convenience
of description, and the player tracking device 2000 is not
necessarily implemented in the form of a server.

[0541] The player tracking server 2000 according to an
embodiment of the present disclosure will be described
below.

[0542] According to an embodiment of the present disclo-
sure, the player tracking server 2000 may acquire a plurality
of pieces of image data from a plurality of image capture
devices 301, 302, 303, and 304 in order to determine the
location of the sport participant. Also, the player tracking
server 2000 may select an image including a target sport
participant to be tracked from among the plurality of pieces
of image data as a candidate image. Also, the player tracking
server 2000 may select a valid image from a plurality of
acquired candidate images in consideration of an occlusion
event. Also, the player tracking server 2000 may determine
the location of the target sport participant from the selected
valid image.

[0543] The details described with reference to FIG. 4 may
be equally applied to the player tracking server 2000 accord-
ing to an embodiment of the present disclosure. That is, the
player tracking server 2000 may include a communication
module 1100, a memory 1200, and a controller 1300. In
particular, the details described with reference to FIG. 4
may be equally applied to the communication module
1100, the memory 1200, and the controller 1300, and thus
a detailed description thereof will be omitted. Therefore, the
following description will focus on details added to the
player tracking server 2000.

[0544] Some operations performed by an example of the
player tracking system 100 in association with the player
tracking method will be described in detail below.

[0545] The player tracking system 100 according to this
embodiment may acquire a plurality of pieces of image
data from a plurality of image capture devices. Specifically,
the player tracking server 2000 may acquire a plurality of
pieces of image data captured by a plurality of image cap-
ture devices.

[0546] The player tracking system 100 according to an
embodiment of the present disclosure may select a candidate
image from the plurality of pieces of image data. Specifi-
cally, the player tracking server 2000 may be implemented
to detect a target sport participant to be tracked in each of the
plurality of pieces of image data acquired from the plurality
of image capture devices 301, 302, 303, and 304. Specifi-
cally, the plurality of pieces of image data may include data
(e.g., pixels) corresponding to a plurality of sport partici-
pants. In this case, the player tracking server 2000 may be
implemented to recognize the sport participants in consid-
eration of the data corresponding to the plurality of sport
participants and may detect a target sport participant in addi-
tional consideration of data related to identifiers correspond-
ing to the recognized sport participants.

[0547] Also, the player tracking server 2000 may be
implemented to select at least one candidate image from
the plurality of pieces of image data according to a result
of detecting the target sport participant. For example, the
player tracking server 2000 may be implemented to select
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image data in which the target sport participant is detected
from among the plurality of pieces of image data as a can-
didate image. The candidate image may include at least one
candidate image.

[0548] The player tracking system 100 according to an
embodiment of the present disclosure may be implemented
to select a valid image that may be considered in determin-
ing the location of the target sport participant. Specifically,
the player tracking server 2000 may be implemented to
select a valid image that may be considered in determining
the location of the target sport participant from among the at
least one selected candidate image.

[0549] Here, the valid image may be used in the sense of
encompassing an image that may be considered in determin-
ing the location of the target sport participant. For example,
an image in which the target sport participant is detected
may be a valid image. However, according to a preferred
embodiment, in order to more accurately determine the loca-
tion of the target sport participant, the valid image may be
defined as an image in which no occlusion event is detected
in relation to the target sport participant or an image in
which an occlusion event is detected but the severity of the
occlusion event is not severe.

[0550] As an example, the player tracking server 2000
may select at least one valid image from among the at
least one candidate image in consideration of whether an
occlusion event has occurred in the plurality of pieces of
image data or a result of determining whether an occlusion
event has occurred.

[0551] For example, the player tracking server 2000 may
be implemented to select, as valid images, candidate images
in which an occlusion event related to a target sport partici-
pant is not detected.

[0552] As another example, the player tracking server
2000 may be implemented to select, as valid images, mild
candidate images in which an occlusion event related to a
target sport participant is detected but the severity of the
occlusion event is not severe.

[0553] As another example, the player tracking server
2000 may be implemented to select valid images from
among candidate images in which an occlusion event related
to a target sport participant is detected in consideration of
whether the target sport participant hides or is hidden by
another sport participant.

[0554] Specifically, even though an occlusion event
related to a target sport participant is detected in a first can-
didate image, the determination of the location of the target
sport participant from the first candidate image may have
relatively high accuracy when the occlusion event is
detected by means of the target sport participant hiding
another sport participant.

[0555] On the other hand, even though an occlusion event
related to a target sport participant is detected in a second
candidate image, the determination of the location of the
target sport participant from the second candidate image
may be relatively difficult when the occlusion event is
detected by means of the target sport participant being hid-
den by another sport participant. Also, the location of the
target sport participant acquired from the second candidate
image may have relatively low accuracy.

[0556] Therefore, the player tracking server 2000 may be
implemented to select a valid image in consideration of
whether the occlusion event is detected in the candidate
image by means of the target sport participant hiding or
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being hidden by another sport participant. Preferably, the
operation of the player tracking server 2000 may be advan-
tageous when the occlusion event related to the target sport
participant is detected in most or all of the candidate images.
[0557] As another example, the player tracking server
2000 may be implemented to select valid images in consid-
eration of arrangement information related to the location
and orientations of the plurality of image capture devices
301, 302, 303, and 304. Specifically, the plurality of image
capture devices 301, 302, 303, and 304 may be placed in any
suitable arrangement at different locations around the play-
field. In this case, the player tracking server 2000 may be
implemented to select, as a valid image, image data in which
the target sport participant is largest or image data in which
the target sport participant is located closest to the center
from among the plurality of pieces of image data acquired
from the plurality of image capture devices 301, 302, 303,
and 304 in consideration of the arrangement information of
the plurality of image capture devices 301, 302, 303, and
304.

[0558] As another example, the player tracking server
2000 may be implemented to select a valid image in consid-
eration of a lens distortion parameter. Specifically, there is a
high possibility that a relatively small amount of distortion
occurs at the center of the image data when the lens distor-
tion parameter is considered. Accordingly, when the loca-
tion of the target sport participant is computed from image
data where the target sport participant is located at the center
of the image data, the accuracy of the location may be rela-
tively high. On the other hand, there is a high possibility that
a relatively large amount of distortion occurs at the edge of
the image data when the lens distortion parameter is consid-
ered. Accordingly, when the location of the target sport par-
ticipant is computed from image data where the target sport
participant is located at the edge of the image data, the accu-
racy of the location may be relatively low. Accordingly, the
player tracking server 2000 may be implemented to select,
as a valid image, image data in which a region where the
target participant is located has a relatively small amount
of distortion in consideration of the lens distortion
parameter.

[0559] The following description will refer to FIG. 27.
FIG. 27 is a diagram illustrating an exemplary process of
the player tracking server 2000 selecting a valid image
according to an embodiment of the present disclosure.
[0560] FIG. 27A shows a plurality of pieces of image data
acquired from the plurality of image capture devices 301,
302, 303, and 304. In this case, the plurality of pieces of
image data of FIG. 27A may be pieces of image data
acquired at the same time point. The plurality of pieces of
image data of FIG. 27A may include image data including a
target sport participant whose location is to be determined
and image data not including the target sport participant.
[0561] FIG. 27B shows at least one candidate image in
which the target sport participant is detected. Specifically,
the player tracking server 2000 may detect a target sport
participant in each of the plurality of pieces of image data
of FIG. 27A and may select image data in which the target
sport participant is detected as a candidate image.

[0562] FIG. 27C shows at least one or more valid images.
Specifically, the valid images may be images in which an
occlusion event related to the target sport participant is not
detected among the candidate images of FIG. 27B.
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[0563] When the valid image includes a plurality of valid
images as shown in FIG. 27C, the player tracking server
2000 may determine the location of the target sport partici-
pant in consideration of the location of the target sport par-
ticipant acquired from each of the valid images. For exam-
ple, the player tracking server 2000 may determine the
location of the target sport participant by averaging the loca-
tions of the target sport participant acquired from the valid
images.

[0564] As another example, when the valid image
includes a plurality of valid images as shown in FIG. 27C,
the player tracking server 2000 may determine the location
of the target sport participant in further consideration of
arrangement information, lens distortion parameters, or the
like of the image capture devices.

[0565] FIG. 27D shows an example of at least a single
image selected by the player tracking server 2000 in consid-
eration of arrangement information, lens distortion para-
meters, or the like of the image capture devices.

[0566] The player tracking system 100 according to an
embodiment of the present disclosure may determine the
location of the target sport participant on the basis of a
valid image. Specifically, the player tracking server 2000
according to an embodiment of the present disclosure may
determine a location on the basis of pixel data (a pixel loca-
tion) corresponding to a target sport participant of a selected
valid image.

[0567] In an embodiment, when the selected valid image
includes a plurality of valid images, the player tracking ser-
ver 2000 may determine the location of the target sport par-
ticipant in consideration of the locations of the target sport
participant acquired from the plurality of valid images.
[0568] Specifically, the valid image may include a first
valid image and a second valid image. In this case, the
player tracking server 2000 may acquire a first location of
the target sport participant on the basis of a pixel location
corresponding to the target sport participant in the first valid
image. Also, the player tracking server 2000 may acquire a
second location of the target sport participant on the basis of
a pixel location corresponding to the target sport participant
in the second valid image.

[0569] Finally, the player tracking server 2000 may deter-
mine the location of the target sport participant on the basis
of both of the first location and the second location.

[0570] As an example, the player tracking server 2000
may determine the location of the target sport participant
by averaging the first location and the second location.
[0571] In another embodiment, when the selected valid
image includes a plurality of valid images, the player track-
ing server 2000 may determine the location of the target
sport participant in consideration of the location of the target
sport participant and the location of the image capture
device that captures the valid image. To this end, the player
tracking server 2000 may be provided to select a single
image from valid images in consideration of conditions
related to the location of the target sport participant and
the location of the image capture device that captures the
valid image. In this case, the player tracking server 2000
may determine the location of the target sport participant
on the basis of the single image.

[0572] For example, it is likely that the location of the
target sport participant acquired from the valid image is rela-
tively accurate when the location of the target sport partici-
pant and the location of the image capture device that cap-
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tures the valid image are relatively close to each other. On
the other hand, it is unlikely that the location of the target
sport participant acquired from the valid image is relatively
accurate when the location of the target sport participant and
the location of the image capture device that captures the
valid image are relatively far from each other.

[0573] Therefore, when the selected valid image includes
a plurality of valid images, the player tracking server 2000
may determine the location of the target sport participant in
additional consideration of the conditions related to the
location of the target sport participant and the location of
the image capture device that captures the valid image.
[0574] In another embodiment, when the selected valid
image includes a plurality of valid images, the player track-
ing server 2000 may determine the location of the target
sport participant in consideration of a lens distortion para-
meter of the image capture device that captures the valid
image. To this end, the player tracking server 2000 may be
provided to select a single image from valid images in con-
sideration of conditions related to the lens distortion para-
meter of the image capture device that captures the valid
image. In this case, the player tracking server 2000 may
determine the location of the target sport participant on the
basis of the single image.

[0575] For example, with regard to the lens distortion
parameter of the image capture device that captures the
valid image, when the target sport participant is located in
aregion of the valid image where lens distortion is relatively
large (e.g., in an edge portion of the valid image), the loca-
tion acquired from the target sport participant may have low
accuracy.

[0576] On the other hand, with regard to the lens distortion
parameter of the image capture device that captures the valid
image, when the target sport participant is located in a
region of the valid image where lens distortion is relatively
small (e.g., in a center portion of the valid image), the loca-
tion acquired from the target sport participant may have high
accuracy.

[0577] Therefore, when the selected valid image includes
a plurality of valid images, the player tracking server 2000
may determine the location of the target sport participant in
additional consideration of conditions related to the lens dis-
tortion parameter of the image capture device that captures
the valid image.

[0578] The player tracking server 2000 according to an
embodiment of the present disclosure may determine the
location of the target sport participant in consideration of
whether the target sport participant hides another sport par-
ticipant or is hidden by another sport participant. Preferably,
the determination of the location of the target sport partici-
pant in consideration of whether the target sport participant
hides or is hidden by another sport participant may be
advantageously applied to a case in which there is no valid
image, that is, a case in which the target sport participant is
detected from a plurality of pieces of image data and an
occlusion event related to the target sport participant has
occurred in all candidate images. To this end, the player
tracking server 2000 may be provided to select a target
image from the candidate images in consideration of
whether the target sport participant hides or is hidden by
another sport participant. In this case, the player tracking
server 2000 may determine the location of the target sport
participant on the basis of the target image.
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[0579] For example, when the target sport participant
hides another sport participant, a pixel location correspond-
ing to the target sport participant in the image data may be
specified. Therefore, the player tracking server 2000 may
select image data in which the target sport participant
hides another sport participant as a target image. Also, the
player tracking server 2000 may determine the location of
the target sport participant on the basis of the selected target
image.

[0580] On the other hand, when the target sport participant
is hidden by another sport participant, it is highly likely that
a pixel location corresponding to the target sport participant
in the image data is not specified. Therefore, the player
tracking server 2000 may be implemented such that the
image data in which the target sport participant is hidden
by another sport participant is not used to determine the
location of the target sport participant.

[0581] However, the above description is just an example,
and it is obvious that when an occlusion event related to the
target sport participant occurs in all candidate images, the
player’s location may be determined using the positioning
sensor-based location which has been described with refer-
ence to FIGS. 16 to 25.

[0582] The configuration and operation of the player
tracking server 2000 according to an embodiment of the pre-
sent disclosure have been described above. A player track-
ing method according to this embodiment will be described
below. In the following description, the player tracking
method according to this embodiment is performed by the
above-described player tracking system 100. However, this
is just for convenience of description, and thus the player
tracking method according to this embodiment is not limited
to the above-described player tracking system 100. That is,
the player tracking method, which will be described below,
does not necessarily have to be performed only by the player
tracking system 100 but may be performed by another sys-
tem or device having a function similar to that of the above-
described player tracking system 100.

[0583] The following description will refer to FIG. 28.
FIG. 28 is a flowchart of a player tracking method according
to an embodiment of the present disclosure.

[0584] Referring to FIG. 28, the player tracking method
according to an embodiment of the present disclosure may
include acquiring a plurality of pieces of image data
(S7100), selecting a piece of image data including a target
sport participant (§7200), selecting a valid image (S7300),
and determining a location of the target sport participant on
the basis of the valid image (57400).

[0585] The above-described operations will be described
in detail below.

[0586] The player tracking server 2000 may acquire a
plurality of pieces of image data (§7100). Specifically, the
player tracking server 2000 may acquire a plurality of pieces
of image data from the plurality of image capture devices
301, 302, 303, and 304 through the communication module
1100.

[0587] In operation S7100, the player tracking server 2000
may acquire a plurality of pieces of image data captured by
the plurality of image capture devices 301, 302, 303, and
304. In this case, the player tracking server 2000 may also
acquire arrangement information related to locations and
orientations of the plurality of image capture devices 301,
302, 303, and 304, identifiers of the image capture devices,
lens distortion parameters, and location-related data (posi-
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tioning sensor data or pixel data of image data) of a sport
participant.

[0588] The plurality of pieces of image data acquired in
operation S7100 may include a plurality of sport partici-
pants. The plurality of pieces of image data may or may
not include a target sport participant whose location is to
be determined.

[0589] Therefore, the player tracking server 2000 may
detect the target sport participant from the plurality of pieces
of image data and select image data including the target
sport participant (§7200). Specifically, the player tracking
server 2000 may be provided to perform an operation of
detecting the target sport participant included in the plurality
of pieces of image data. In this case, the player tracking
server 2000 may be implemented to select a candidate
image according to a result of detecting the target sport
participant.

[0590] For example, the player tracking server 2000 may
select, as a candidate image, image data in which the target
sport participant is detected.

[0591] In this case, the candidate image in which the target
sport participant is detected may include at least one candi-
date image.

[0592] As an example, the target sport participant may be
detected in all of the plurality of pieces of image data. In this
case, all images in which the target sport participant is
detected may be selected as candidate images.

[0593] However, the candidate images selected according
to whether the target sport participant is detected may
include images that are not suitable as a basis for determin-
ing the location of the target sport participant.

[0594] Therefore, the player tracking server 2000 may
select a valid image from the candidate images (S7300).
Here, the valid image may be used in the sense of encom-
passing any image suitable for determining the location of
the target sport participant.

[0595] Specifically, the player tracking server 2000 may
be provided to select a valid image from among the candi-
date images in consideration of whether an occlusion event
related to the target sport participant is detected.

[0596] As an example, the player tracking server 2000
may detect the occlusion event or determine whether the
occlusion event has occurred. Alternatively, the player
tracking server 2000 may determine the severity of the
occlusion event.

[0597] In particular, the player tracking server 2000 may
detect an occlusion event related to the target sport partici-
pant or determine whether the occlusion event has occurred.
Alternatively, the player tracking server 2000 may deter-
mine the severity of the occlusion event related to the target
sport participant.

[0598] In this case, the player tracking server 2000 may
select at least one valid image from the candidate images
selected in operation S7200 on the basis of a result of detect-
ing the occlusion event related to the target sport participant.
[0599] For example, the player tracking server 2000 may
select, as valid images, candidate images in which the occlu-
sion event related to the target sport participant is not
detected.

[0600] On the other hand, the player tracking server 2000
may not select, as valid images, candidate images in which
the occlusion event related to the target sport participant is
detected. However, even though the occlusion event related
to the target sport participant is detected, the player tracking
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server 2000 may be provided to select a corresponding can-
didate image as a valid image when it is determined that the
occlusion event is not severe.

[0601] In operation S7300, in consideration of additional
conditions, a single image may be selected from valid
images selected in consideration of a result of detecting
the occlusion event.

[0602] Specifically, when a plurality of valid images are
selected in consideration of the result of detecting the occlu-
sion event related to the target sport participant, a single
image may be selected from the valid images in additional
consideration of a condition related to the location of the
target sport participant and the location of the image capture
device that captures the valid image or conditions related to
a lens distortion parameter of the image capture device that
captures the valid image.

[0603] As an example, the accuracy of the location of the
target sport participant may be different depending on the
size or sharpness of the target sport participant included in
the valid image. When the target sport participant included
in the valid image has a large size or a high resolution, the
location of the target sport participant determined from the
corresponding valid image may be relatively accurate.
[0604] In this case, the size or resolution of the target sport
participant included in the valid image may depend on the
location of the target sport participant and a location of the
image capture device that captures the valid image. For
example, when the location of the target sport participant
and the location of the image capture device that captures
the valid image are relatively close to each other, the cap-
tured target sport participant may be large and clear. On the
other hand, when the location of the target sport participant
and the location of the image capture device that captures
the valid image are relatively far from each other, the cap-
tured target sport participant may be relatively small and
unclear.

[0605] Therefore, according to an embodiment, in opera-
tion S7300, the player tracking server 2000 may be imple-
mented to select a single image from among the valid
images in consideration of a condition related to the location
of the target sport participant and the location of the image
capture device that captures the valid image.

[0606] As another example, the accuracy of the location of
the target sport participant may be different depending on
the location of the target sport participant in the valid
image and the degree of distortion for each region of the
valid image.

[0607] For example, when the target sport participant is
located in a region with less distortion of the valid image,
the location of the target sport participant determined from
the corresponding valid image may be relatively accurate.
[0608] As another example, when the target sport partici-
pant is located in the center of the valid image where the
degree of distortion is relatively low, the accuracy of the
location of the target sport participant determined from the
corresponding valid image may be relatively high. On the
other hand, when the target sport participant is located at
an edge of the valid image where the degree of distortion
is relatively high, the accuracy of the location of the target
sport participant determined from the corresponding valid
image may be relatively low.

[0609] In this case, the degree of distortion for each region
of the valid image may depend on a lens distortion para-
meter. Therefore, according to an embodiment, in operation
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$7300, the player tracking server 2000 may be implemented
to select a single image from among the valid images in
consideration of a condition related to a lens distortion para-
meter of the image capture device that captures the valid
image.

[0610] In operation S7300, a target image may be selected
from the candidate images selected in operation S7200 in
consideration of the type of the occlusion event related to
the target sport participant. Preferably, the selection of the
target image in consideration of the type of the occlusion
event related to the target sport participant may be advanta-
geously applied to a case in which the occlusion event
related to the target sport participant is detected in all of
the candidate images.

[0611] The type of occlusion event may include a first type
in which the target sport participant hides another sport par-
ticipant and a second type in which the target sport partici-
pant is hidden by another sport participant.

[0612] In the case of the first type, it may be relatively
easy to specify a location of a pixel corresponding to the
target sport participant. On the other hand, in the case of
the second type, it may be relatively difficult to specify a
location of a pixel corresponding to the target sport partici-
pant because the target sport participant is hidden by another
sport participant.

[0613] Therefore, the player tracking server 2000 may be
provided to select a candidate image corresponding to the
first type as a target image. On the other hand, the player
tracking server 2000 may be provided not to select a candi-
date image corresponding to the second type as a target
image.

[0614] The player tracking server 2000 may determine the
location of the target sport participant on the basis of the
selected target image (S7400).

[0615] Specifically, the player tracking server 2000 may
be provided to determine the location of the target sport par-
ticipant in consideration of a pixel location corresponding to
the target sport participant in the valid image, target image,
or single image (hereinafter referred to as the valid image or
the like) selected in operation S7300.

[0616] As an example, when the valid image or the like
selected in operation S7300 includes a single valid image,
the location of the target sport participant may be deter-
mined in consideration of a pixel location corresponding to
the target sport participant in the selected image.

[0617] As another example, when the valid image or the
like selected in operation S7300 includes a plurality of valid
images, the location of the target sport participant may be
determined in consideration of all or some pixel locations
corresponding to the target sport participant in the plurality
of valid images or the like. For example, the location of the
target sport participant may be determined by averaging the
pixel locations acquired from the plurality of valid images or
the like.

[0618] Alternatively, when the valid image or the like
selected in operation S7300 includes a plurality of valid
images, the location of the target sport participant may be
determined in further consideration of a condition related to
the location of the target participant and a location of a cam-
era that captures the at least one valid image or a condition
related to a lens distortion parameter. For example, the loca-
tion of the target sport participant may be determined in
consideration of a pixel location corresponding to the target
sport participant in a single image selected from the valid
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image or the like in consideration of a condition related to
the location of the target participant and the location of the
camera that captures the at least one valid image or a condi-
tion related to the lens distortion parameter.

[0619] As described above, although the description was
focused on determining the location of the target sport par-
ticipant on the basis of locations acquired from image data,
it is obvious that the details of FIGS. 16 to 27 in which the
location of the sport participant is determined in considera-
tion of locations acquired from positioning sensor data may
be applied.

[0620] The player tracking server 2000 according to an
embodiment of the present disclosure will be described
below.

[0621] According to an embodiment of the present disclo-
sure, the player tracking server 2000 may acquire image
data from the plurality of image capture devices 301, 302,
303, and 304 in order to determine a location of a sport par-
ticipant. Also, the player tracking server 2000 may acquire
positioning sensor data from the positioning sensor device
200 in order to determine the location of the sport partici-
pant. Also, the player tracking server 2000 may compute an
image-based location from the acquired image data and
compute a positioning sensor-based location from the
acquired positioning sensor data. Also, the player tracking
server 2000 may generate a virtual playfield or generate a
matching table on the basis of the computed image-based
location and positioning sensor-based location. However,
according to a preferred embodiment, the player tracking
server 2000 may generate the virtual playfield or generate
the matching table on the basis of the positioning sensor-
based location.

[0622] The details described with reference to FIG. 4 may
be equally applied to the player tracking server 2000 accord-
ing to an embodiment of the present disclosure. That is, the
player tracking server 2000 may include a communication
module 1100, a memory 1200, and a controller 1300. In
particular, the details described with reference to FIG. 4
may be equally applied to the communication module
1100, the memory 1200, and the controller 1300, and thus
a detailed description thereof will be omitted. Therefore, the
following description will focus on details added to the
player tracking server 2000.

[0623] Some operations performed by an example of the
player tracking system 100 in association with the player
tracking method will be described in detail below.

[0624] The player tracking system 100 according to this
embodiment may acquire a plurality of pieces of image
data from a plurality of image capture devices. Specifically,
the player tracking server 2000 may acquire a plurality of
pieces of image data captured by a plurality of image cap-
ture devices. Also, the player tracking system 100 may
acquire arrangement information related to the locations
and orientations of the plurality of image capture devices
from the plurality of image capture devices. Also, the player
tracking system 100 may acquire positioning sensor data
from the positioning sensor device 200. Also, the player
tracking system 100 may generate a virtual playfield and
generate a matching table on the basis of positioning sensor
data and arrangement information related to the image cap-
ture devices.

[0625] The player tracking server 2000 according to an
embodiment of the present disclosure may determine the
validity of the location of the sport participant acquired

Oct. 19, 2023

from the image data, which has been described above with
reference to FIGS. 6 to 11.

[0626] For example, the player tracking server 2000 may
detect an occlusion event in a plurality of pieces of image
data acquired from the plurality of image capture devices
301, 302, 303, and 304 or determine whether an occlusion
event has occurred.

[0627] Also, the player tracking server 2000 may deter-
mine the severity of the occlusion event in the plurality of
pieces of image data acquired from the plurality of image
capture devices 301, 302, 303, and 304.

[0628] The player tracking system 100 according to this
embodiment may generate a virtual playfield. Specifically,
the player tracking server 2000 may be provided to generate
avirtual playfield on the basis of positioning sensor data and
arrangement information related to the image capture
devices. Specifically, the player tracking server 2000 may
generate virtual points corresponding to the image capture
devices on the basis of the arrangement information related
to the locations of the image capture devices.

[0629] Also, the player tracking server 2000 may generate
a plurality of moving points corresponding to a plurality of
sport participants on the basis of positioning sensor data of
the plurality of sport participants.

[0630] The player tracking system 100 according to this
embodiment may be implemented to predict an occlusion
event (or the severity of an occlusion event) on the basis
of the generated virtual playfield. Specifically, the player
tracking server 2000 may be implemented to predict an
occlusion event between sport participants on the basis of
arrangement information related to the orientations of the
image capture devices and a location relationship between
the plurality of moving points in the virtual playfield.
[0631] The player tracking system 100 according to this
embodiment may be implemented to generate a matching
table between the plurality of sport participants and the plur-
ality of image capture devices on the basis of the generated
virtual playfield.

[0632] Specifically, the player tracking server 2000 may
compute a relationship between the plurality of sport parti-
cipants and the plurality of image capture devices on the
basis of relative locations between a plurality of moving
points corresponding to the sport participants and a plurality
of points corresponding to the image capture devices in the
generated virtual playfield. In this case, the player tracking
server 2000 may be implemented to generate a matching
table between the sport participants and the plurality of
image capture devices on the basis of the relationship and
a result of predicting the occlusion event.

[0633] The following description will refer to FIG. 29.
FIG. 29 is an exemplary diagram showing a virtual playfield
according to an embodiment of the present disclosure.
[0634] The player tracking server 2000 may generate a
virtual playfield on the basis of location information of a
plurality of sport participants and arrangement information
of image capture devices.

[0635] The arrangement information of the image capture
devices may include information regarding locations, lines
of sight, and orientations of the plurality of image capture
devices 301, 302, 303, and 304.

[0636] The location information of the plurality of sport
participants may be acquired from positioning sensor data.
Alternatively, the location information of the plurality of
sport participants may be acquired from image data.
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[0637] The player tracking server 2000 may generate a
plurality of points corresponding to the plurality of image
capture devices in a virtual playfield coordinate system in
consideration of the arrangement information of the image
capture devices.

[0638] In this case, the locations of the image capture
devices may be or fixed.

[0639] When the locations of the image capture devices
are the player tracking server 2000 may generate
a plurality of moving points corresponding to the plurality
of image capture devices in the virtual playfield coordinate
system in consideration of a [SiIag in the location informa-
tion of the plurality of image capture devices according to
the progress of a sport game.

[0640] When the locations of the image capture devices
are fixed, the player tracking server 2000 may generate a
plurality of fixed points FP1, FP2, FP3, and FP4 correspond-
ing to the plurality of image capture devices in the virtual
playfield coordinate system as shown in FIG. 29.

[0641] Also, the player tracking server 2000 may generate
a plurality of points MP1, MP2, and MP3 corresponding to
the plurality of sport participants in a virtual playfield coor-
dinate system in consideration of the location information of
the plurality of sport participants.

[0642] Also, the player tracking server 2000 may generate
a plurality of points corresponding to the plurality of sport
participants in the virtual playfield coordinate system in
consideration of a in the location information of
the plurality of sport participants according to the progress
of a sport game. That is, the plurality of points correspond-
ing to the plurality of sport participants may be moving
points MP1, MP2, and MP3.

[0643] Also, the player tracking server 2000 may compute
a relationship between the plurality of sport participants and
the plurality of image capture devices 301, 302, 303, and
304 on the basis of the generated virtual playfield.

[0644] Specifically, the player tracking server 2000 may
compute a relationship between the plurality of sport parti-
cipants and the plurality of image capture devices 301, 302,
303, and 304 on the basis of relative locations between mov-
ing points MP1, MP2, and MP3 of the virtual playfield cor-
responding to the plurality of sport participants and points
FP1, FP2, FP3, and FP4 of the virtual playfield correspond-
ing to the plurality of image capture devices 301, 302, 303,
and 304.

[0645] Also, the player tracking server 2000 may predict
whether an occlusion event has occurred between the plur-
ality of sport participants on the basis of the relationship
between the plurality of sport participants and the plurality
of image capture devices 301, 302, 303, and 304.

[0646] For example, a plurality of virtual lines VL may be
generated in the virtual playfield from the points FP1, FP2,
FP3, and FP4 corresponding to the plurality of image cap-
ture devices 301, 302, 303, and 304 to the plurality of mov-
ing points MP1, MP2, and MP3 corresponding to the plur-
ality of sport participants.

[0647] In this case, the player tracking server 2000 may
predict whether an occlusion event has occurred between
sport participants in consideration of at least one of the loca-
tions of the points FP1, FP2, FP3, and FP4 corresponding to
the plurality of image capture devices 301, 302, 303, and
304, the locations of the plurality of moving points MP1,
MP2, and MP3 corresponding to the plurality of sport parti-
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cipants, and angles between the plurality of virtual lines
VL1 and VL2.

[0648] For example, referring to FIG. 29, the first virtual
line VL1 extending from the first fixed point FP1 to the first
moving point MP1 and the second virtual line VL2 extend-
ing from the first fixed point FP1 to the second moving point
MP2 may be generated.

[0649] In this case, when the first virtual line VL1 and the
second virtual line VL2 overlap or when the angle between
the first virtual line VL1 and the second virtual line VL2 is
less than a predetermined angle, the player tracking server
2000 may determine or predict that an occlusion event is
likely to have occurred between a first sport participant cor-
responding to the first moving point MP1 and a second sport
participant corresponding to the second moving point MP2.
[0650] In this case, additionally, the player tracking server
2000 may determine or predict that an occlusion event is
likely to have occurred between the first sport participant
corresponding to the first moving point MP1 and the second
sport participant corresponding to the second moving point
MP2 from the first image capture device 301 corresponding
to the first fixed point FP1.

[0651] Also, the player tracking server 2000 may predict
whether an occlusion event occurs between sport partici-
pants in further consideration of a difference in location
between the first moving point MP1 and the second moving
point MP2.

[0652] For example, referring to FIG. 29, even when the
angle of the first virtual line VL1 is the same as the angle of
the second virtual line VL2, whether an occlusion has
occurred between the first sport participant corresponding
to the first moving point MP1 and the second sport partici-
pant corresponding to the second moving point MP2 with
respect to the first fixed point FP1 may differ depending
on the difference in location between the first moving
point MP1 and the second moving point MP2.

[0653] Therefore, the player tracking server 2000 may
predict whether an occlusion event has occurred between
sport participants in further consideration of the difference
in location between the moving points corresponding to the
plurality of sport participants.

[0654] Also, the player tracking server 2000 may predict
whether an occlusion event has occurred between sport par-
ticipants in consideration of the points of the virtual play-
field corresponding to the plurality of image capture
devices, the moving points of the virtual playfield corre-
sponding to the plurality of sport participants, and informa-
tion regarding the lines of sight of the plurality of image
capture devices.

[0655] For example, a virtual line corresponding to a line
of sight may be generated in consideration of a line of sight
of the first image capture device 301 corresponding to the
first fixed point FP1. In this case, when a first moving point
and a second moving point are substantially located on the
virtual line corresponding to the line of sight, the player
tracking server 2000 may determine that an occlusion
event has occurred between a first sport participant corre-
sponding to the first moving point and a second sport parti-
cipant corresponding to the second moving point.

[0656] Also, the player tracking server 2000 may predict
whether an occlusion event has occurred between the plur-
ality of sport participants later in consideration of orienta-
tion information of the plurality of image capture devices
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and velocity data (or acceleration data) of the plurality of
sport participants.

[0657] For example, referring to FIG. 29, velocity data (or
acceleration data) of the first sport participant and the third
sport participant may be acquired by any suitable method.
Also, orientation information of the first image capture
device may be acquired. In this case, the player tracking
server 2000 may predict that the first moving point MP1
corresponding to the first sport participant moves toward
the third moving point MP3 corresponding to the third
sport participant and that the third moving point MP3 corre-
sponding to the third sport participant moves toward the first
moving point MP1 corresponding to the first sport partici-
pant on the basis of the velocity data (or the acceleration
data).

[0658] Also, the player tracking server 2000 may predict
the orientation of the first fixed point FP1 corresponding to
the first image capture device on the basis of the orientation
information.

[0659] Accordingly, the player tracking server 2000 may
predict an occlusion between the first sport participant cor-
responding to the first moving point MP1 and the second
port participant corresponding to the second moving point
MP2 with respect to the first image capture device corre-
sponding to the first fixed point FP1 later.

[0660] Also, the player tracking server 2000 may be
implemented to generate a matching table between a plural-
ity of sport participants and a plurality of image capture
devices on the basis of a relationship between the plurality
of sport participants and the plurality of image capture
devices computed based on relative locations between a
plurality of moving points corresponding to the plurality of
sport participants and a plurality of points corresponding to
the plurality of image capture devices.

[0661] The player tracking server 2000 may generate a
matching table between the plurality of sport participants
and the plurality of image capture devices on the basis of
the prediction of the occlusion.

[0662] As an example, virtual lines may extend from the
plurality of fixed points FP1, FP2, FP3, and FP4 correspond-
ing to the plurality of image capture devices 301, 302, 303,
and 304 to the plurality of moving points (including MP1,
MP2, and MP3) corresponding to the plurality of sport par-
ticipants, and a table for a result of predicting the occlusion
event based on angles between the virtual lines may be
generated.

[0663] For example, referring to FIG. 29, it may be pre-
dicted from the first image capture device 301 correspond-
ing to the first fixed point FP1 that an occlusion event has
occurred between the first sport participant corresponding to
the first moving point MP1 and the second sport participant
corresponding to the second moving point MP2.

[0664] On the other hand, it may be predicted from the
second, third, and fourth image capture devices 302, 303,
and 304 corresponding to the second, third, and fourth
fixed points that no occlusion event has occurred between
the first sport participant corresponding to the first moving
point MP1 and the second sport participant corresponding to
the second moving point MP2.

[0665] In this case, the player tracking server 2000 may
generate a matching table on the basis of whether an occlu-
sion is predicted based on the locations of the plurality of
fixed points FP1, FP2, FP3, and FP4 corresponding to the
image capture devices 301, 302, 303, and 304, the locations
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of the moving points corresponding to the plurality of sport
participants, and angles between the plurality of virtual
lines.

[0666] Similarly, the player tracking server 2000 may gen-
erate a matching table on the basis of whether an occlusion
is predicted according to the difference in location between
the plurality of moving points corresponding to the plurality
of sport participants.

[0667] Similarly, the player tracking server 2000 may gen-
erate a matching table on the basis of whether an occlusion
is predicted according to the orientation information of the
plurality of image capture devices and the velocity data (or
acceleration data) of the plurality of sport participants.
[0668] The matching table generated as described above
may be used to select and continuously monitor an image
capture device most suitable for tracking the target sport
participant.

[0669] Also, the matching table may be used to select an
image capture device most suitable for capturing the target
sport participant in association with broadcasting.

[0670] Also, the matching table may be used to select an
image capture device most suitable for generating an indivi-
dual highlight of the target sport participant.

[0671] The configuration and operation of the player
tracking server 2000 according to an embodiment of the pre-
sent disclosure have been described above. A player track-
ing method according to this embodiment will be described
below. In the following description, the player tracking
method according to this embodiment is performed by the
above-described player tracking system 100. However, this
is just for convenience of description, and thus the player
tracking method according to this embodiment is not limited
to the above-described player tracking system 100. That is,
the player tracking method, which will be described below,
does not necessarily have to be performed only by the player
tracking system 100 but may be performed by another sys-
tem or device having a function similar to that of the above-
described player tracking system 100.

[0672] The following description will refer to FIG. 30.
FIG. 30 is a flowchart illustrating a player tracking method
using a plurality of image capture devices according to an
embodiment of the present disclosure.

[0673] Referring to FIG. 30, a player tracking method
using a plurality of image capture devices according to an
embodiment of the present disclosure may include acquiring
arrangement information of the plurality of image capture
devices (S8100), receiving positioning sensor data of the
plurality of sport participants (S8200), acquiring locations
of the plurality of sport participants from the positioning
sensor data (S8300), generating a virtual playfield (S8400),
and generating a matching table (S8500).

[0674] The above-described operations will be described
in detail below.

[0675] The player tracking server 2000 may acquire the
arrangement information of the plurality of image capture
devices (S8100). Specifically, in operation S8100, the player
tracking server 2000 may acquire a plurality of pieces of
image data captured by the plurality of image capture
devices 301, 302, 303, and 304 and arrangement informa-
tion related to the location and orientations of the plurality
of image capture devices 301, 302, 303, and 304 through the
communication module 1100.

[0676] The player tracking server 2000 may receive the
positioning sensor data of the plurality of sport participants
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(S8200). Specifically, the player tracking server 2000 may
acquire a plurality of pieces of image data from positioning
sensor devices 200 worn by the plurality of sport partici-
pants through the communication module 1100.

[0677] In operation S8200, the player tracking server 2000
may acquire positioning sensor data transmitted from the
positioning sensor devices 200 worn by the plurality of
sport participants. The positioning sensor data may include
sport participant-related location information, an identifier
of a sport participant, and the reliability of a sensor signal.
[0678] The player tracking server 2000 may compute or
acquire positioning sensor-based locations of the plurality
of sport participants (S8300). Specifically, the player track-
ing server 2000 may acquire a plurality of pieces of posi-
tioning sensor data from positioning sensor devices 200
worn by the plurality of sport participants through the com-
munication module 1100. Specifically, the player tracking
server 2000 may acquire locations of the plurality of sport
participants from the sport participant-related location infor-
mation included in the positioning sensor data. Also, the
player tracking server 2000 may acquire velocity- or accel-
eration-related information from the sport participant-
related location information included in the positioning sen-
sor data as well as the acquired locations.

[0679] Also, the player tracking server 2000 may generate
a virtual playfield (S8400). In this case, the virtual playfield
may include a plurality of points corresponding to the loca-
tions of the plurality of image capture devices and a plurality
of moving points corresponding to the locations of the plur-
ality of sport participants acquired in operation S8300.
[0680] The player tracking server 2000 may generate the
plurality of points corresponding to the plurality of image
capture devices on the basis of arrangement information
related to the locations of the plurality of image capture
devices 301, 302, 303, and 304 acquired in operation S8100.
[0681] Also, the player tracking server 2000 may generate
the plurality of moving points corresponding to the plurality
of sport participants on the basis of the locations of the plur-
ality of sport participants acquired in operation S8300.
[0682] Also, the player tracking server 2000 may generate
a plurality of virtual lines on the basis of the plurality of
moving points corresponding to the plurality of sport parti-
cipants and the arrangement information related to the
orientations of the plurality of image capture devices 301,
302, 303, and 304 acquired in operation S8100.

[0683] In operation S8400, the player tracking server 2000
may be provided to compute a relationship between the
plurality of sport participants and the plurality of image cap-
ture devices.

[0684] For example, the player tracking server 2000 may
compute a location relationship between the plurality of
moving points corresponding to the plurality of sport parti-
cipants and the plurality of fixed points corresponding to the
image capture devices generated in the virtual playfield.
[0685] As another example, the player tracking server
2000 may compute a location relationship between the plur-
ality of moving points corresponding to the plurality of sport
participants generated in the virtual playfield.

[0686] As another example, the player tracking server
2000 may compute a relationship such as an angle between
the plurality of virtual lines generated in the virtual
playfield.

[0687] Also, in operation S8400, the player tracking ser-
ver 2000 may be implemented to predict whether an occlu-
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sion event has occurred between a plurality of sport
participants.

[0688] As an example, the player tracking server 2000
may predict whether an occlusion event has occurred
between a plurality of sport participants on the basis of rela-
tive locations between the plurality of moving points corre-
sponding to the plurality of sport participants and the plur-
ality of virtual lines generated in the virtual playfield.
[0689] Also, the player tracking server 2000 may deter-
mine from which image capture device an occlusion event
between the plurality of sport participants has occurred.
[0690] For example, referring to FIG. 29 again, the first
virtual line VL1 extending from the first fixed point FP1 to
the first moving point MP1 and the second virtual line VL2
extending from the first fixed point FP1 to the second mov-
ing point MP2 may be generated.

[0691] In this case, when the first virtual line VL1 and the
second virtual line VL2 overlap or when the angle between
the first virtual line VL1 and the second virtual line VL2 is
less than a predetermined angle, the player tracking server
2000 may determine or predict that an occlusion event is
likely to have occurred between a first sport participant cor-
responding to the first moving point MP1 and a second sport
participant corresponding to the second moving point MP2.
[0692] In this case, additionally, the player tracking server
2000 may determine or predict that an occlusion event is
likely to have occurred between the first sport participant
corresponding to the first moving point MP1 and the second
sport participant corresponding to the second moving point
MP2 from the first image capture device 301 corresponding
to the first fixed point FP1.

[0693] As another example, the player tracking server
2000 may predict whether an occlusion event has occurred
between a plurality of sport participants on the basis of a
difference in location between the plurality of moving
points corresponding to the plurality of sport participants.
[0694] For example, referring to FIG. 29, even when the
angle of the first virtual line VL1 is the same as the angle of
the second virtual line VL2, whether an occlusion has
occurred between the first sport participant corresponding
to the first moving point MP1 and the second sport partici-
pant corresponding to the second moving point MP2 with
respect to the first fixed point FP1 may differ depending
on the difference in location between the first moving
point MP1 and the second moving point MP2.

[0695] Therefore, the player tracking server 2000 may
predict whether an occlusion event has occurred between
sport participants in further consideration of the difference
in location between the moving points corresponding to the
plurality of sport participants.

[0696] The player tracking server 2000 may generate a
matching table (S8500).

[0697] The player tracking server 2000 may generate a
matching table between the plurality of sport participants
and the plurality of image capture devices on the basis of a
result of predicting the occlusion between the plurality of
sport participants, the relationship between the plurality of
sport participants, and the plurality of image capture devices
computed in operation S8400.

[0698] As an example, virtual lines may extend from the
plurality of fixed points FP1, FP2, FP3, and FP4 correspond-
ing to the plurality of image capture devices 301, 302, 303,
and 304 to the plurality of moving points (including MP1,
MP2, and MP3) corresponding to the plurality of sport par-
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ticipants, and a table for a result of predicting the occlusion
event based on angles between the virtual lines may be
generated.

[0699] As another example, the player tracking server
2000 may generate a matching table on the basis of whether
an occlusion is predicted according to the difference in loca-
tion between the plurality of moving points corresponding
to the plurality of sport participants.

[0700] As another example, the player tracking server
2000 may generate a matching table on the basis of whether
an occlusion is predicted according to the orientation infor-
mation of the plurality of image capture devices and the
velocity data (or acceleration data) of the plurality of sport
participants.

[0701] However, the above description is just an example,
and the matching table may be generated by any suitable
method.

[0702] The above-described player tracking method,
player tracking device, and player tracking system using a
plurality of image capture devices according to an embodi-
ment of the present disclosure can significantly reduce the
possibility of an error in computing the location of a sport
participant due to an occlusion event compared to a case in
which a single image capture device is used.

[0703] The following description will refer to FIGS. 9 and
31. FIG. 31 is a schematic diagram illustrating a method of
computing a sport participant’s location through a player
tracking method using a plurality of image capture devices
according to an embodiment of the present disclosure.
[0704] Referring to FIG. 9B, when a single image capture
device is used, an error due to a vertical movement of a sport
participant 1 may occur between an actual location .2 and a
location [.2_image acquired from image data.

[0705] On the other hand, referring to FIG. 31, when a
plurality of image capture devices are used, the error due
to the vertical movement of the sport participant 1 between
the actual location L3 and the location L3 _imagel or L3
image?2 acquired from the image data may be corrected.
[0706] For example, by considering the height of the plur-
ality of image capture devices and the angles of the plurality
of image capture devices with respect to the ground, a cor-
rection parameter for the location L.3_imagel or L3 _image2
acquired from the image data may be computed. By apply-
ing the computed correction parameter to the location
L3 imagel or [.3 image2 acquired from the image data,
the actual location L3 of the sport participant 1 can be easily
computed.

[0707] Also, in the case of using only a single image cap-
ture device, when an occlusion event occurs in image data
acquired from the corresponding image capture device,
there is a lack of an alternative method for acquiring an
accurate location using only image data.

[0708] On the other hand, in the case of using a plurality of
image capture devices, even when an occlusion event occurs
in first image data, it is possible to accurately compute the
location of a sport participant using second image data in
which no occlusion event is detected.

[0709] Also, in the case of using the plurality of image
capture devices, a panoramic view image or an image with
improved quality may be generated by matching a plurality
of pieces of image data acquired from a plurality of image
capture devices.

[0710] In this case, a panoramic view image or an image
with improved quality may be generated by matching a plur-
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ality of pieces of image data on the basis of references such
as a reference point, a reference line, and a reference surface
of a region where the plurality of pieces of image data
overlap.

[0711] The player tracking method, the player tracking
device, and the player tracking system according to the pre-
sent disclosure may be used to analyze a sport participant.
Specifically, the present disclosure may be applied to all
sport analysis fields, such as the analysis of the movement,
velocity, and acceleration of a sport participant and tactical
analysis, which require the location of a sport player to be
accurately computed.

[0712] Also, the above description has focused on soccer
among sports, but this is just an example. The present dis-
closure may be applied to all sports that require the location
of a sport player to be computed.

[0713] Also, the player tracking method, the player track-
ing device, and the player tracking system according to the
present disclosure are capable of continuously tracking a
sport player, and thus may be used even in various fields
such as broadcasting related to video, video content related
to highlight generation, etc.

[0714] According to an embodiment of the present disclo-
sure, by calculating a player’s location by fusion of image
data and positioning sensor data, it is possible to precisely
track the player’s location.

[0715] According to an embodiment of the present disclo-
sure, by choosing image data optimized for a location of a
player to be tracked using a plurality of cameras and calcu-
lating the location of the corresponding player from the
image data, it is possible to precisely track the player’s
location.

[0716] The features, structures, and effects described in
the above embodiments are incorporated into at least one
embodiment of the present disclosure but are not necessarily
limited to only one embodiment. Moreover, features, struc-
tures, and effects exemplified in one embodiment can easily
be combined and modified for another embodiment and then
be carried out by those skilled in the art. Therefore, these
combinations and modifications should be construed as fall-
ing within the scope of the present disclosure.

[0717] While the present disclosure has been described
with reference to embodiments, these are just examples
and do not limit the present disclosure. It will be understood
by those skilled in the art that various modifications and
applications may be made therein without departing from
the essential characteristics of the embodiments. That is,
elements described in the embodiments above in detail
may be modified. Furthermore, differences associated with
such modifications and applications should be construed as
being included in the scope of the present disclosure defined
by the appended claims.

What is claimed is:

1. Amulti-modal tracking method, the method comprising:

receiving, from a positioning sensor being disposed at a
sports participant, a sensor signal;

obtaining a sensor-based location of the sports participant
based on the sensor signal;

obtaining afirst credibility information related to a credibil -
ity of the sensor-based location;

receiving a sports image captured at a camera disposed per-
ipheral to a playfield, the sports image including the
sports participant in the playfield;
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obtaining an image-based location of the sports participant
based on a pixel-location of the sports participant in the
sportimage;

obtaining an second credibility information related to a
credibility of the image-based location, wherein the
credibility of the image-based location is related to at
leastone of : an occlusion related to the sports participant,
averticalmovementrelated to the sports participantand a
of the image-based location from a previous
image-based location;

calculating an weight value based on the first credibility
information and the second credibility information, the
weight value includes a sensor-based weight value and
an image-based weight value; and

calculating a location of the sports participant, wherein the
location of the sports participant is derived from the sen-
sor-based location considering the sensor-based weight
value and the image-based location considering the
image-based weight value.

2. The method according to claim 1,

wherein the credibility of the sensor-based location is
related to at least one of: a [SiIay of the sensor-based
location from a previous sensor-based location, and a
credibility information related to the sensor signal
which is included in the sensor signal.

3. The method according to claim 1,

wherein the vertical movement related to the sports partici-
pant is obtained based on a movement of the sport parti-
cipant in a vertical direction relative to the reference
plane having a same height with the playfield obtained
from an inertial sensor disposed at the sport participant.

4. The method according to claim 1,

wherein the credibility of the sensor-based location and the
credibility of the image-based location are related to a
disparity index between the sensor-based location and
the image-based location, and wherein the disparity
index is obtained from a difference of the sensor-based
location and the image-based location.

5. A multi-modal tracking method, the method comprising:

receiving, from a positioning sensor being disposed at a
sports participant, a sensor signal;

obtaining a sensor-based location of the sports participant
based on the sensor signal,
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preparing a credibility map corresponding to the playfield,
wherein the credibility map comprises a plurality of
regions to which a credibility information, the credibility
information including a first information related to a
credibility of the sensor-based location;

receiving a sports image captured at a camera disposed per-
ipheral to a playfield, the sports image including the
sports participant in the playfield;

obtaining an image-based location of the sports participant
based on a pixel-location of the sports participant in the
sport image;

determining a specific region being occupied by the sports
participant based on the sensor-based location;

determining a first weight value and a second weight value
according to the credibility information of the specific
region; and

determining a location of the sports participant based on a
weighted average of the sensor-based location and the
image-based location considering the first weight value
and the second weight value.

6. The method according to claim §,

wherein the first credibility information related to the sen-
sor-based location is related to at least one of: FYSRagof
the sensor-based location from a previous sensor-based
location, and a credibility information related to the sen-
sor signal which is included in the sensor signal.

7. The method according to claim 5,

wherein the credibility map includes a plurality of the
region having the second credibility information related
to a credibility of the image-based location.

8. The method according to claim 7,

wherein the second credibility information is related to at
least one of : an occlusion related the sports participant, a
vertical movement related to the sports participant and a
of the image-based location from a previous
image-based location.

9. The method according to claim 8,

wherein the first weight value and the second weight value
are determined according to the second credibility infor-
mation of the specific region.
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