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sport activities is provided herein . The Smart - court system is 
comprised of : ( i ) an automatic recording system comprising 
a plurality of video cameras located in a court , arranged to 
real - time ( RT ) recording of a sport session and utilizing 
automatic calibration and stabilization module ; and ( ii ) a 
data processing system comprising : ( a ) a capture module for 
grabbing a video stream ; ( b ) an objects ' detector module 
arranged to extract during the RT sport session , the objects 
from the foreground of each frame ; ( c ) an event module for 
automatically analyzing , the motion and the activities of the 
tracked objects for automatically identifying and classifying 
events , creating a synchronized event log and calculating 
statistics that occurred during the RT sport session ; and ( d ) 
a presentation module enabling to perform instant debrief 
ing , combined biomechanical and tactical analysis of the 
video . 
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SMART - COURT SYSTEM AND METHOD 
FOR PROVIDING REAL - TIME DEBRIEFING 

AND TRAINING SERVICES OF SPORT 
GAMES 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application is a continuation of U.S. patent 
application Ser . No. 15 / 981,127 , filed May 16 , 2018 , which 
is a continuation of U.S. patent application Ser . No. 14/370 , 
006 , filed Jun . 30 , 2014 , now U.S. Pat . No. 9,999,825 , which 
is the U.S. national phase application of International Appli 
cation No. PCT / IL2013 / 050162 , filed Feb. 21 , 2013 , which 
designated the United States and claims the benefit of 
priority to U.S. Provisional Application No. 61 / 602,360 filed 
Feb. 23 , 2012 , the entire contents of each of which are 
incorporated herein for all purposes . 

BACKGROUND 

Technical Field 

[ 0002 ] The present invention relates generally to analysis 
of motion and activities of an object that is involved in a real 
sport game . More particularly , the present invention relates 
to classification and analysis of a real sport game session . 

Discussion of Related Art 

[ 0003 ] Participants of real sport games as well as coaches 
are in an ongoing effort to improve the activity and capa 
bility of the participants in the sport games . For that purpose , 
various analysis systems exist in the art . 
[ 0004 ] Some of the analysis systems that exist in the 
market require from participants of the real sport games to 
be equipped with an electronic sensing device . Also , some of 
the analysis systems use a large array of cameras , which 
require a dedicated operator and a long setup and calibration 
process . Because of these requirements these analysis sys 
tems are considered to be very complicated and expensive . 
[ 0005 ] Furthermore , video analysis systems that currently 
exist in the market require long preparation period before the 
video analysis can take place . For example , such prepara 
tions process may include manual recording , calibration 
procedure and uploading of footage . Also , these systems 
require a user to invest time in watching and analyzing 
unedited videos and manual tagging of various events that 
took place during the training or match sessions , since the 
events that are of interest to participants and coaches are not 
grouped together . 

during the RT sport session , the objects from the foreground 
of each frame ; ( c ) an event module for automatically ana 
lyzing , during the RT sport game , the motion and the 
activities of the tracked objects that appear in the stream of 
multimedia data for automatically identifying and classify 
ing events based on the tracking and analysis of the motion 
and the activities of the tracked objects , creating a synchro 
nized event log and calculating statistics that occurred 
during the RT sport session ; and ( d ) a presentation module 
enabling to perform instant debriefing , combined biome 
chanical and tactical analysis of the video by selectively 
playing specific events by type based on the synchronized 
event log . 
[ 0007 ] According to some embodiments of the present 
invention , the smart court system is further comprising a 
tracking module for identifying in real time basic events 
enabling to identify a game session starting with a stroke and 
ending when one of the players gained a score , wherein the 
event module enables to identify complex events in near real 
time at the end of each session during the game match . 
[ 0008 ] According to some embodiments of the present 
invention , the online video associated with event log is 
uploaded and published in one or more social networks . 
[ 0009 ] According to some embodiments of the present 
invention , the event module is further arranged to yield a 
pattern of behavior and a tactical behavior of a player from 
more than one event . 
[ 0010 ] According to some embodiments of the present 
invention , the data processing system is further generating a 
profile of the player including information related to : the 
player's tactical behavior , the pattern of behavior , game 
statistics , calculated success rate in comparison with other 
players and events . 
[ 0011 ] According to some embodiments of the present 
invention , camera calibration is enabled by dividing a court 
into grids and checking each junction of in the grid for a 
deviation and wherein the deviation is identified in the grid 
than the frame in the streamed video may be checked in the 
streamed video . 
[ 0012 ] According to some embodiments of the present 
invention , the data processing system identify start and end 
of a real sport game or real training and automatically 
identify change of status of the real sport game . 
[ 0013 ] According to some embodiments of the present 
invention , the video that is transmitted from the cameras is 
automatically customized to adjust to environment condi 
tions and does not require an intervention of an operator . 
[ 0014 ] According to some embodiments of the present 
invention , vibration in the stream of video is automatically 
reduced . 
[ 0015 ] According to some embodiments of the present 
invention , the data processing module further enables to 
create automatic customized video movie by integrating 
event or segments according to given criteria which are 
determined by the user or predefined by the system . 
[ 0016 ] According to some embodiments of the present 
invention , change of designated location of players is iden 
tified when the players switch sides on the court . 
[ 0017 ] According to some embodiments of the present 
invention , an additional techniques and strategies module 
provides recommendations to a player how to correct activ 
ity in a real sport game based on events ’ analysis . 

BRIEF SUMMARY 

[ 0006 ] According to some embodiments of the present 
invention , a Smart - court system , adaptive to constrained 
sport environment , for enabling real time analysis and 
debriefing of sport activities is provided herein . The Smart 
court system is comprised of : ( i ) an automatic recording 
system comprising a plurality of video cameras that are 
located in a court , arranged to real - time ( RT ) recording of a 
sport session and utilizing an automatic calibration and 
stabilization module requiring no human intervention ; and 
( ii ) a data processing system that is comprised of : ( a ) a 
capture module for grabbing a video stream of the RT sport 
session ; ( b ) an objects ' detector module that is arranged to 
receive a stream of video of the tracked objects and extract , 
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[ 0018 ] According to some embodiments of the present 
invention , events ’ analysis and pattern behavior enable 
cutting out idle time in the video file to save storage space . 
[ 0019 ] According to some embodiments of the present 
invention , the presentation module enable playing abridged 
video which displays only selected specified events by 
jumping between the events according to user query based 
on the synchronized log event . 
[ 0020 ] According to some embodiments of the present 
invention , the presentation module enables playing a virtual 
3D dynamic scenes using a 3D engine which simulates 
objects behavior based on analyzed video data of objects 
motion and the synchronized event log . 
[ 0021 ] According to some embodiments of the present 
invention , the pattern behavior of the player is further 
analyzed to identify mental events . 
[ 0022 ] According to some embodiments of the present 
invention , a method for enabling real time analysis and 
debriefing of sport activities in a Smart - court system that is 
adaptive to constrained sport environment is provided 
herein . The method is comprised of the following stages : ( i ) 
automatically recording in real time ( RT ) a real sport session 
by utilizing an automatic calibration and stabilization mod 
ule requiring no human intervention by a system that is 
comprising a plurality of video cameras that are located in 
a court ; ( ii ) tracking motion and the activities of objects in 
a video of the RT sport session by a tracking module ; ( iii ) 
receiving a stream of video of the tracked objects and 
simultaneously analyzing , during the RT sport session , the 
motion and the activities of the tracked objects that appear 
in the stream of video ; ( iv ) automatically identifying and 
classifying events based on the tracking and analysis of the 
motion and the activities of the tracked objects and calcu 
lating statistics that occurred during the RT sport session ; 
and ( v ) creating a synchronized event log of the classified 
events , wherein a user is enabled to perform instant debrief 
ing , combined biomechanical and tactical analysis of the 
video by selectively playing specific events by type based on 
the synchronized event log . 
[ 0023 ] According to some embodiments of the present 
invention , basic events are identified in real time , for iden 
tifying game session starting with a stroke and ending when 
one of the players gained a score , wherein complex events 
are identified near real time at end of each session during the 

[ 0028 ] According to some embodiments of the present 
invention , the method is further identifying start and end of 
a real sport game or real training and automatically identify 
change of status of the real sport game by the data process 
ing system . 
[ 0029 ] According to some embodiments of the present 
invention , the method is further automatically customizing 
the video that is transmitted from the cameras to adjust to 
environment conditions and does not require an intervention 
of an operator . 
[ 0030 ] According to some embodiments of the present 
invention , the method is further automatically reducing 
vibration in the stream of video . 
[ 0031 ] According to some embodiments of the present 
invention , the method is further identifying the change of 
status by a predefined gesture of the user . 
[ 0032 ] According to some embodiments of the present 
invention , the method is further identifying change of des 
ignated location of players , when the players switch sides on 
the court . 
[ 0033 ] According to some embodiments of the present 
invention , the method is further providing recommendations 
to a player how to correct activity in a real sport game based 
on events ’ analysis by an additional techniques and strate 
gies module . 
[ 0034 ] According to some embodiments of the present 
invention , the method is further cutting out idle time in the 
video file to save storage space by events ' analysis and 
pattern behavior . 
[ 0035 ] According to some embodiments of the present 
invention , the method is further playing an abridged video 
which includes specified events . 
[ 0036 ] According to some embodiments of the present 
invention , the method is further playing a virtual 3D 
dynamic scenes based on the videos using 3D engine to 
simulate objects behavior based analyzed motion data of 
objects and the synchronized event log . 
[ 0037 ] According to some embodiments of the present 
invention , the method is further analyzing pattern behavior 
and tactical behavior to identify a mental event of the player . 
[ 0038 ] According to some embodiments of the present 
invention , the method is further comprising the step of 
creating customized video movie by integrating event or 
segments according to given criteria which are determined 
by the user or predefined by the system . 
[ 0039 ] According to some embodiments of the present 
invention , the method is further comprising the step of 
identifying unforced error based on identifying the timing 
and position of the player before striking the ball . 
[ 0040 ] According to some embodiments of the present 
invention , the method is further comprising the step of real 
time automatic calculation of game score based on identified 
classified events and analysis of player and ball position and 
motion . 

[ 0041 ] According to some embodiments of the present 
invention , the method is further comprising the step of 
comparing between the players ' profiles and providing per 
formance matching between players . 
[ 0042 ] These , additional , and / or other aspects and / or 
advantages of the present invention are : set forth in the 
detailed description which follows ; possibly inferable from 
the detailed description , and / or learnable by practice of the 
present invention . 

game match . 
[ 0024 ] According to some embodiments of the present 
invention , the method is further playing an abridged video 
by jumping between different events based on a user query 
according to the synchronized event log . 
[ 0025 ] According to some embodiments of the present 
invention , the method is further including publishing and 
uploading , game statistics , the online video and associated 
event log in one or more social networks . 
[ 0026 ] According to some embodiments of the present 
invention , the method is further yielding a pattern of behav 
ior and a tactical behavior of a player from more than one 
event by the analysis module . 
[ 0027 ] According to some embodiments of the present 
invention , the method is further generating and uploading to 
the network a profile of the player and saving information 
related to : the player's tactical behavior , the pattern of 
behavior , performance statistics and events by the data 
processing system . 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0043 ] The present invention will be more readily under 
stood from the detailed description of embodiments thereof 
made in conjunction with the accompanying drawings of 
which : 
[ 0044 ] FIG . 1A is a top 3D perspective diagram of a 
system incorporated in a Tennis court , according to some 
embodiments of the invention ; 
[ 0045 ] FIG . 1B is a block diagram of a smart - court sys 
tem , according to some embodiments of the invention ; 
[ 0046 ] FIG . 2 is a flowchart diagram of objects detecting 
module , according to some embodiments of the invention ; 
[ 0047 ] FIG . 3 is a flowchart diagram illustrating activity of 
game tracker module , according to some embodiments of 
the invention ; 
[ 0048 ] FIG . 4 is a flowchart diagram illustrating activity of 
event module , according to some embodiments of the inven 
tion ; 
[ 0049 ] FIG . 5 is a flowchart diagram illustrating activity of 
moments module , according to some embodiments of the 
invention ; 
[ 0050 ] FIG . 6 is a flowchart diagram illustrating activity of 
upload module , according to some embodiments of the 
invention ; and 
[ 0051 ] FIG . 7 is a flowchart diagram illustrating activity of 
Debriefing presentation training module , according to some 
embodiments of the invention . 

DETAILED DESCRIPTION 

[ 0057 ] The term “ T Point ” as used herein in this applica 
tion is defined as the spot on a tennis court where the center 
line and the service line intersect perpendicularly to form a 
“ T ” shape . 
[ 0058 ] The term “ session ” as used herein in this applica 
tion is defined as a segment in a real sport game which starts 
in a strike and ends in earned points . 
[ 0059 ] The term “ near real - time ” ( NRT ) , as used herein in 
this application is defined as a delay that is introduced by 
automated data processing between the occurrence of an 
event and the use of the processed data . For example , 
classifying an event as a near real - time event refers to the 
real time of event occurrence , minus the processing time , as 
nearly the time of the live event . 
[ 0060 ] According to some embodiments of the present 
invention , a system for enabling simultaneous analysis and 
debriefing of sport activities is provided herein . The system 
is enabling a user to track all events that occurred during an 
entire match ( i.e. real sport game ) or training . Furthermore , 
the system is providing automatic classification , analysis 
and understanding the events that occurred during a real 
sport game ( i.e. a match ) or training , for improving the 
performance of the player in the real sport game . 
[ 0061 ] According to some embodiments of the present 
invention , the system may also record and analyze activity 
and motion of a tennis player and other objects which are 
related to the real sport game , by utilizing streamed data . 
[ 0062 ] According to some embodiments of the present 
invention , there is provided a data processing system . The 
data processing system may be arranged to receive a stream 
of video of a real time ( RT ) sport session and to simulta 
neously analyze , during the sport session , motion and 
actions of objects that appear in the streamed multimedia 
file . 
[ 0063 ] According to some embodiments of the present 
invention , the system is implemented by utilizing a smart 
court platform that is adaptive to a constrained sport envi 
ronment . The constrained sport environment is including at 
least two cameras , preferably four cameras , for recording the 
real sport game . A constrained sport environment may be a 
swimming pool , a football field , a tennis court etc. For the 
purpose of explaining the present invention , we will refer in 
a non limiting example to a tennis game or tennis training as 
a real sport game . 
[ 0064 ] According to some embodiments of the invention , 
vision and image processing algorithms are applied for 
analysis of events that occurred in the real sport game . 
[ 0065 ] Embodiments of the present invention provide a 
smart - court platform for analyzing patterns of behavior of an 
object that is participating in a real sport game and classi 
fying the patterns . The smart - court platform is receiving a 
multimedia stream of the sport game from cameras which 
are located in the place where the real sport game is taking 
place . The system may automatically record and analyze a 
pattern of tactical behavior and then classify it . 
[ 0066 ] According to some embodiments of the present 
invention , the system provides calculations of game statis 
tics such as : ( i ) player's and ball's position in various 
positions ; ( ii ) player's speed ; ( iii ) player's mileage calcula 
tion ; ( iv ) player's acceleration ; ( v ) ball's location and spin ; 
( vi ) number of winners ; ( vii ) number of double fault ; and 
( viii ) serve percentage , speed , position and points on first 
serve i.e. whether the player won the point after the serve . 

[ 0052 ] Before explaining at least one embodiment of the 
invention in detail , it is to be understood that the invention 
is not limited in its application to the details of construction 
and the arrangement of the components set forth in the 
following description or illustrated in the drawings . The 
invention is applicable to other embodiments or of being 
practiced or carried out in various ways . Also , it is to be 
understood that the phraseology and terminology employed 
herein is for the purpose of description and should not be 
regarded as limiting . 
[ 0053 ] The term " event " as used herein in this application 
is defined as a at least one action which occur during a real 
sport game as recorded in a multimedia file . The beginning 
and the end of the event is updated in event log file . Also , 
various parameters which are related to the event are saved 
in the log event file . 
[ 0054 ] The term “ classification of event ” as used herein in 
this application is defined as an attribution of an event to a 
predefined type of sequence of actions that occur in a real 
sport game . The classification of the event is a result of an 
analysis of the event and it is saved in the database . 
[ 0055 ] The term “ tactical behavior ” as used herein in this 
application is defined as a result of analysis of a pattern of 
behavior of a player according to more than one event . The 
pattern of behavior may be classified according to a pre 
defined list of tactical behavior types and the classification 
of the tactical behavior is saved in the database along with 
the players ' profile and other details of the real sport game . 
[ 0056 ] The term “ profile ” as used herein in this application 
is defined as a collection of parameters which are related to 
a real player in a real sport game . 
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[ 0067 ] The game statistics may be calculated in real time 
and may be updated in real time throughout the sport game . 
[ 0068 ] According to some embodiments of the present 
invention , the system automatically classifies events that 
took place during an entire match or training i.e. session , 
including : player behavior related events or game rules , 
session events including : ( a ) types and order of strokes , ( b ) 
net approach ; ( c ) passing shot ; ( d ) slice ; and ( e ) aces , ( f ) 
successfully gained points ; ( g ) game type ; ( h ) match ; ( i ) 
tactical patterns ; ( g ) forced error ; and ( h ) unforced error . An 
unforced error is a description of poor performance of a 
player and may be identified in relation to a player's profile . 
[ 0069 ] The unforced error may be detected by analyzing 
the player's position and timing before striking the ball , in 
case the player has reached the point and position where the 
player can strike the ball , at least specified amount of time 
( e.g. one second ) before the ball and fails in her or his 
performance , an unforced error is identified . In case the 
player reached the striking point less than said specified 
amount of time ( E.g. one second ) and fails , a forced error is 
identified . This algorithm of identifying forced and unforced 
error is based on analysis of an accurate identification of the 
positions and motion of objects ( i.e. players and balls ) at all 
frames . The system may provide a detailed analysis of : ( i ) all 
the serves that hit the T point , Wide point or body point ( each 
serve can be close to serve line or to the net ) ; and ( ii ) all the 
serves above certain speed . Type of strokes may include : ( i ) 
first and second serve ; ( ii ) backhand ; ( iii ) forehand , includ 
ing : inside out and passing shots ; ( iv ) forehand and back 
hand volley ; ( v ) nets ; ( vi ) first and second return ; ( vii ) 
smash . 
[ 0070 ] According to some embodiments of the present 
invention , the system may further provide an analysis by 
pattern of : ( i ) different combo ; ( ii ) rally ; ( iii ) data of all 
points that were gained at second serves ; ( iv ) a tactical 
pattern e.g. “ Serve — Return — Forehand ” ; ( v ) player's posi 
tion ( The position may be presented in a color map ) ( vi ) 
serve and run ; and ( vii ) all rallies above a certain amount of 
strokes . 
[ 0071 ] According to some embodiments of the present 
invention , the system may further provide an analysis by 
score . For example , ( i ) keep score ( ii ) analysis according to 
specific score in a game ; ( iii ) ending score in a session ; ( iv ) 
big points ; ( v ) outs and nets ; and ( vi ) leading and behind 
states . 
[ 0072 ] According to some embodiments of the present 
invention , the analysis may be performed for identifying and 
classifying events that occurred during an entire session . 
Further , the analysis may result in an online edited video 
version of the RT sport session . Additionally , a user may be 
enabled to perform debriefing and analysis operation by 
selecting to review specific events by their type according to 
the event log . 
[ 0073 ] According to some embodiments of the present 
invention , an access to all events of the same type may be 
achieved via : ( i ) a clip with a sequence of all events from the 
same type , or ( ii ) an abridged video which utilizes events ' 
log file , where a user may " jump " between all events which 
are from the same type . Each event in the events log file may 
include indication of a start point of an event and an end 
point of the event . Skipping between events may be enabled 
to the user based on automatic classification and tagging of 
beginning and end of each event . Each event may be 
associated to data including a type name according to 

classification of the event , time tag , one or more players that 
are associated to the event and event result . 
[ 0074 ] According to some embodiments of the present 
invention , there is provided an immediate feedback process 
which does not require pre or post game manual processing 
for breaking of a session into classified events . The auto 
matic event classification process allows a player and a 
coach to watch the events and debrief only the events of 
interest . Additionally , such feedback provides an efficient 
and focused training process . 
[ 0075 ] According to some embodiments of the present 
invention , the debriefing is performed via a visualization and 
feedback dashboard which provide the user with following 
information : game's statistics , events ’ analysis , game ' 
video , events ' log and a 3D animated virtual dynamic scenes 
which show three dimensional ( 3D ) graphics display , based 
on the player's location and stroke classification , including 
ball's movement . 
[ 0076 ] According to some embodiments of the present 
invention , an analysis of the entire match ( i.e. sport game ) , 
the strategy and key points is provided herein . The analysis 
is also performed to present a combined biomechanical and 
3D tactical analysis , in a synchronized video and 3D virtual 
display . Biomechanics aspects of the match include the 
movement analysis of the player for improving the player's 
action behavior such as hand movement when preforming a 
strokes etc. 
[ 0077 ] According to some embodiments of the present 
invention , data collection may be achieved in a non - intru 
sive manner . It does not interfere with the game's action and 
it does not require the player wearing a sensor during a 
match ( i.e. real sport game ) or training . In the 3D virtual 
dynamic scenes the player and ball position , the players ' 
footwork , the ball’s trail and hit point on the ground are 
displayed . The 3D virtual dynamic scenes may be presented 
and displayed various viewing modes : top view , side view , 
from the ball's point of view and from the player's point of 
view . The 3D virtual dynamic scenes may be displayed from 
the point of view of the opponent player . 
[ 0078 ] Optionally , the system may create an attributed 
profile of the object , based on at least one pattern of tactical 
behavior . The attributed profile may include performance 
data such as speed of ball strokes , results ' statistics , and 
motion pattern across the court etc. The system may enable 
a real - time upload of ( i ) the stored position ; and ( ii ) the 
identified motion . 
[ 0079 ] Utilizing cloud computing services or any other 
technology , the data that was uploaded may be accessible 
from any place via the Internet on any type of computer 
device such as laptops , tablets , smartphones and the like . 
Players and coaches will be able to conduct remote debrief 
ing and to provide remote guidance in RT . In other words , 
virtual coaching may be provided . 
[ 0080 ] Additionally , the system may perform a combined 
and synchronized biomechanical analysis and 3D tactical 
analysis of : ( i ) full game ; ( ii ) strategy e.g. number of hits , 
type of stroke , location of hits and the like ; ( iii ) score ; and 
( iv ) match scoring patterns such as big points . The biome 
chanical analysis may be performed by combining ( i ) a type 
or strength of stroke ; ( ii ) type of motion or location of the 
tennis player in the court ; and ( iii ) type of behavioral pattern 
according to match scoring patterns . 
[ 0081 ] Additionally , embodiments of the present inven 
tion provide relatively inexpensive system that may per 
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form , without an operator , a preliminary setup or corrections 
during the event , the following actions : ( i ) automatic cali 
bration of cameras by identifying field boundaries ; ( ii ) 
automatic customization of light in the stream of video , 
according to : ( a ) day and night lighting ; and ( b ) weather 
conditions ; ( iii ) automatic reduction of vibration in the 
stream of video ; ( iv ) automatic identification of start of the 
real sport game ; ( v ) automatic identification of end of set ; 
and ( vi ) automatic identification of end of the real sport 
game . The system may utilize at least one computer device . 
[ 0082 ] According to some embodiments of the present 
invention , there is provided an automatic procedure of 
uploading of debriefing data to an internet page of a player , 
and sharing performance of the player by providing access 
to the debriefing data from any location via the Internet or 
any wireless network by laptops , tablets , smartphones etc. 
Further , remote debriefing may be available to players and 
coaches , thus offering guidance in RT . 
( 0083 ] Furthermore , a dynamic updated database and a 
social network of athletes and sport players may create a 
platform for sport players to share data with their coach , 
friends and family . The database may include for example , 
clips of special events and statistics . Also , the database may 
be used as a scouting tool for scouts , coaches and players . 
[ 0084 ] According to some embodiments of the present 
invention , the smart - court system may be implemented in 
multiple courts and all smart - court systems may be con 
nected to one or more social networks and players ' data 
bases . 
[ 0085 ] Moreover , embodiments of the present invention 
provide a system that enables automatic profile generation 
according to performance of a Tennis player during a game 
or during a series of games . The profile of the Tennis player 
that was generated may be used for : ( i ) scouting for new 
talents ; and ( ii ) finding a partner according to specified 
parameters . A social network of tennis players may be 
generated to allow sharing data with other players , a coach , 
friends and family via clips ; special events and statistics e.g. 
speed of ball . Also , the system may be used as a learning tool 
for players . The system may send automatic notifications to 
scouts and to coaches , through the social network , according 
to update of players ' performance parameters . 
[ 0086 ] The generated profile of the real player may be 
published in the social network of tennis players . Talent 
scouting may be performed by utilizing the published profile 
as well as partner matching . For example , a real player that 
is aware of her or his Tennis techniques that require 
improvement may search a partner that possesses a higher 
level in these specific Tennis techniques . 
[ 0087 ] FIG . 1A is a top 3D perspective view diagram of a 
system that is incorporated in a Tennis court , according to 
some embodiments of the invention . In a non - limiting 
example , the system may be incorporated in a Tennis court . 
A real player 110 may be training or competing against a real 
player 140 with a Tennis ball 120 . 
[ 0088 ] According to one aspect of the present invention , 
four cameras 130 may be utilized to monitor a 3D area 
within and around a game's court to capture motion and 
activities of real Tennis players 110 and 140 and of the ball 
120. The cameras 130 may be megapixel cameras . When the 
system is being activated , the video pixels that were cap 
tured are translated by processor 150 into 3D coordinates for 
identifying the spatial location of the monitored objects . 
Based on said identified locations , the video data is pro 

cessed for tracking the movement of the Tennis ball 120 and 
the real players 110 and 140. The real players are not 
required to be equipped with an electronic sensing device . 
Since pixel coordinates are known , automatic zoom on 
video is enabled . 
[ 0089 ] According to some embodiments of the invention , 
camera calibration may be enabled for each frame . The court 
may be divided into grids so only junctions of the grids are 
being checked . If a deviation is identified in a grid than the 
frame may be checked for calibration . A slow frame may 
have a slow background and a fast frame may have a fast 
background . 
[ 0090 ] According to another aspect of the invention , at 
least two cameras , preferably four cameras 130 may be 
automatically calibrated , according to identification of 
boundaries of the court . The automated calibration may not 
require an intervention of an operator . The cameras 130 may 
track the real players 110 and 140 and the Tennis ball 120 in 
an accurate and reliable manner on any surface . 
[ 0091 ] Furthermore , the stream of multimedia data ( i.e. 
video ) that is transmitted from the cameras 130 , may be 
automatically customized and may not require an interven 
tion of an operator , according to : ( a ) day and night lighting 
or artificial floodlight ; and ( b ) weather conditions , for 
example , in windy weather the cameras 130 may wobble and 
the multimedia data that is transmitted might need to be 
fixed ; and ( c ) shadow covering parts or most of the court . 
The system may also , automatically reduce vibration in the 
stream of video . 
[ 0092 ] According to some embodiments of the invention , 
start and end of a real sport game or real training may be 
automatically identified by the system . Furthermore , the 
system may automatically identify change of game status , 
and may not require an intervention of an operator , by 
identifying , for example , a predefined gesture of the real 
players 110 and 140. The system may identify change of 
location of players 110 and 140 when the real players 110 
and 140 switch sides on the court . Also , the system may 
identify a repeated serve . 
[ 0093 ] According to another aspect of the invention , the 
system may analyze a pattern of behavior of real players 110 
and 140 in a multimedia stream . The system may perform an 
analysis by receiving a stream of a video of the real sport 
game in RT . Next , the system may identify and tag the 
position and the motion of real players 110 and 140 , accord 
ing to classification rules . The classification rules may be 
based on tactical behavior pattern analysis of the position 
and motion of real players 110 and 140 . 
[ 0094 ] Further , the system may enable a review of at least 
one of the objects ' specified : ( i ) position ; ( ii ) motion ; and 
activity , according to the classification . Furthermore , the 
system may store one or more tags which are static infor 
mation related to classified events the pattern of tactical 
behavior . Information regarding activity of the real players 
may include : ( i ) type of stroke ; ( ii ) left or right hand usage ; 
and ( iii ) strength of stroke . 
[ 0095 ] According to yet another aspect of the invention , 
the system may provide recommendations to a player how to 
correct his or her stroke and / or game management and 
tactics thus , utilized as a learning tool of techniques and 
strategies . 
[ 0096 ] According to yet another aspect of the invention , 
the system's capability to understand the course of the 
Tennis play based on identifying and classifying events may 
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contribute in cutting out idle time in the video file to save 
storage space . A Tennis match video includes long periods of 
idle time between games ' session , where there is not activity 
of the players which is relevant to the game . The system may 
identify the idle time and extract it from the video hence , 
reducing the size of the video file , reducing storage , band 
width and upload and download resources and cost . 
[ 0097 ] According to yet another aspect of the invention , 
the system may play an abridged video or virtual 3D 
dynamic scenes representing the video game sessions , in 
which the pattern of tactical behavior of the real players 110 
and 140 may be presented . The video and the related virtual 
3D dynamic scenes may be displayed simultaneously on the 
same screen , enabling the user to analyze the game both 
strategically by reviewing the motion across the screen at the 
virtual 3D dynamic scene version , and analyzing biome 
chanical motion of part of the body at the video file . The 
abridged video or virtual 3D dynamic scenes can be played 
according to a user query for displaying only events of 
specific type , for example , showing all backend strokes 
through the game . 
[ 0098 ] According to some embodiments of the invention , 
the user query may be more specific by requesting all 
backend strokes at the front area of the court . Accordingly , 
a customized video ( i.e. clip ) may be created including 
aggregation of events of specific type enabling the player 
and coach to focus in specific type of events . The clip may 
be uploaded to the social network and be accessed via the 
internet or it may be viewed and / or physically received on 
court . 
[ 0099 ] According to yet another aspect of the invention , 
the customized video may be generated by a specified 
criterion or event . For example , generating a video with all 
successful backhands in a real sport game or in a series of 
games . In another example , generating a video of all suc 
cessful forehands of all champion players from different 
geographical places . 
[ 0100 ] According to yet another aspect of the invention , 
the system may create an attribute profile of at least one of 
the real players 110 and 140 based on at least one pattern of 
behavior and log of events . The pattern of behavior may 
further be analyzed to identify a mental event . An example 
of a mental event that the system may recognize is when a 
real player is angry . Another mental event that the system 
may recognize may be a decline in the performance of the 
players and conclude that it may be due to a mental event . 
A delay in performance of a player or repeatedly wiping 
sweat from a racket may also be interpreted as related to a 
mental event . 
[ 0101 ] According to yet another aspect of the invention , 
the system is arranged to be an integral part of a Tennis 
court . Further , the system may be fully adaptable to both 
indoor and outdoor courts . 
[ 0102 ] According to some embodiments of the present 
invention the real time analysis of events during the real 
sport game may be used for enouncing or displaying the 
game results for the players and the audience that is watch 
ing the game via remote terminal 170. The real time analysis 
may be transferred via data communication link 136 . 
[ 0103 ] Optionally , the data related to the event may be 
used for supporting line calling decisions of a human umpire 
or as an objective officiating tool . For example , the tool may 
provide accessible debriefing and analysis capabilities com 
bined with line - calling , to determine if a ball was inside the 

court or not , in a Tennis game . The streamed data may be ( i ) 
location , speed of the tennis player or a ball and acceleration 
of a player or a ball ; ( ii ) type or speed of a tennis stroke ; ( iii ) 
result of success or failure at the game to the player ; and ( iv ) 
data related to score that were gained in the game in real 
time . Data about the scoring system is transmitted in real 
time . For example , type of points that were gained during the 
real sport game or training . 
[ 0104 ] FIG . 1B is a block diagram of a smart - court sys 
tem , according to some embodiments of the invention . 
[ 0105 ] According to some embodiments of the invention , 
a smart - court system 190 may be connected to cameras 130 
via a data communication link 136. The smart - court system 
190 may be comprised of an automatic recording system 191 
which automatically record and analyze a pattern of tactical 
behavior and then classify it , an event log file 194 and a data 
processing system 192 . 
[ 0106 ] According to some embodiments of the invention , 
the data processing system 192 may be comprised of the 
following modules : ( i ) a capturing module 193 for grabbing 
the video of the RT sport session and encoding it ; ( ii ) object 
detection module 200 ( described in details in FIG . 2 ) ; ( iii ) a 
game tracker event 300 for identifying basic events ; ( iv ) an 
event module 400 for automatically identifying and classi 
fying events based on the tracking and analysis of the motion 
and the activities of the tracked objects and calculating 
statistics that occurred during the RT sport session ; ( v ) a 
moments module 500 for creating customized video ( see 
FIG . 5 ) ; ( vi ) an uploading module 600 for uploading profiles 
and video to the network ; and ( vii ) debriefing presentation 
training module 700 for enabling a user to watch the clip 
with the sequence of all events from the same type or to 
watch the abridged video . 
[ 0107 ] According to some embodiments of the invention , 
a server 155 may be connected to the smart court system via 
data communication link 136. The server may be comprised 
of : ( i ) a profile database 157 ; ( ii ) social management module 
158 for managing social activity between the players ; and 
( iii ) a remote coaching module 159 enabling coaching by 
view the game video at remote location . 
[ 0108 ] FIG . 2 is a flowchart diagram of object detection 
module 200 activity , according to some embodiments of the 
invention . 
[ 0109 ] According to an aspect of the present invention , the 
object detection module may begin with receiving a stream 
of multimedia data of a real sport game in Real Time ( RT ) 
( stage 210 ) from the capturing module 193. In each frame 
analysis the objects ( i.e. players or ball ) may be extracted 
from the background : first the foreground of each frame is 
identified and extracted from the frame image . ( stage 215 ) . 
Optionally , the background of the image can be identified 
and extracted in some of the frames , as the background of 
the frame does not change from frame to frame it may be 
detected each specified amount of time . 
[ 0110 ] At the next stage the objects are detected and 
extracted ( the players and the ball ) in each frame ( stage 
220 ) . Optionally , “ noise ” filter is applied ( stage 225 ) and 
identification of the objects video 3D coordinates is per 
formed by analyzing stereo image of at least two cameras 
( stage 230 ) . 
[ 0111 ] Finally sending the identification and data of 
objects to a tracking module ( stage 235 ) . 
[ 0112 ] FIG . 3 is a flowchart diagram illustrating system 
activity of game tracker module 300 , according to some 
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embodiments of the invention . The game tracker module 
300 analyses frames to yield basic events such as a stroke or 
a serve for the purpose of identifying a session . For example , 
identifying when a player strikes a ball before the ball 
touched the ground . Additionally , the game tracker module 
300 may also identify when the ball hit the net or when the 
ball fell out of the lines or when a user didn't respond to a 
ball that fell in the lines . 
[ 0113 ] According to some embodiments of the invention , 
game tracker module 300 may begin with receiving output 
results of each frame of player and ball coordinates and 
identification of first stroke ( serve ) ( stage 310 ) . The game 
video recent frames are analyzed , during the RT sport game 
for identifying basic events by identifying specific image 
pattern such as ball touching ground stroke ( stage 315 ) to 
determine start and end of session by identifying first stroke 
such a serve and identifying " out " , in , or miss event ( stage 
320 ) . 
[ 0114 ] Optionally , the travel route of the ball is detected 
and prediction of its trajectory is calculated ( stage 325 ) . 
[ 0115 ] At the end of each detected session , the analyzed 
basic event data including coordinates of objects for each 
determined session of detected basic events is conveyed to 
an event module ( stage 330 ) . 
[ 0116 ] FIG . 4 is a flowchart diagram illustrating activity of 
event module 400 , according to some embodiments of the 
invention . The event module 400 may yield complicated 
events out of analysis of several frames . For example , types 
of strokes and unforced error . First , the analyzed basic event 
data including coordinates of objects for each determined 
session is received from the tracking module 300 . 
[ 0117 ] According to some embodiments of the invention , 
event module 400 may begin with using an event template 
which defines a set of predefined parameters related to 
motion of objects ( i.e. a player or a ball ) ( stage 415 ) . 
[ 0118 ] At the next stage , the position motion and the 
activities of the tracked objects that appear in the stream of 
multimedia data of each frame are analyzed during the RT 
sport game ( stage 420 ) . 
[ 0119 ] The received data parameters of each session 
received from the tracker module and the motion and 
activity analysis are compared to event templates parameters 
for identifying complex events in near real time . ( stage 425 ) . 
[ 0120 ] Based on the comparison results , the events are 
classified , wherein the classification types are related to 
ruling of the game or related to the type of stokes or to 
unforced error ( stage 430 ) . 
[ 0121 ] For each event , the timing of beginning and end are 
estimated and a synchronized log of the event is generated 
( stages 435 , 440 ) , according to pattern definition e.g. iden 
tifying stroke touching point and ball contact with the net or 
ground . Optionally , aggregating several classified events to 
analyze a pattern of behavior of a player to identify event 
characteristics such as a mental event ( stage 445 ) or aggre 
gating several classified events to analyze a tactical behavior 
of a player ( stage 450 ) . 
[ 0122 ] Optionally , the event module 400 calculates and 
reports statistics of events and game related data throughout 
the game session ( stage 455 ) . 
[ 0123 ] FIG . 5 is a flowchart diagram of Moments module 
500 , according to some embodiments of the invention . 
[ 0124 ] According to some embodiments of the invention , 
a user may be enabled to configure preference of beginning 
and ending of an event . For example , one user may configure 

a beginning of backhand event when the player is moving 
her or his hand and another user may configure beginning of 
backhand event when the ball leaves the racket of the player . 
[ 0125 ] The moments modules receives the multimedia file 
of a real sport game associated with event log ( stage 510 ) . 
Optionally , the module enables to define customized events 
segments based on user / system configuration and on deter 
mined events received information from event log including 
classification of the event ( stage 515 ) . 
[ 0126 ] The module enables to create customized video 
movie by integrating event or segments of events according 
to given criteria which may be determined by the user or 
predefined by the system , such criteria may include selecting 
successful games session , fasted ball strikes , etc. ( stage 
520 ) . 
[ 0127 ] FIG . 6 is a flowchart diagram illustrating an 
uploading module 600 , according to some embodiments of 
the invention . 
According to an aspect of the present invention , after the real 
sport game is over , the following stages are taken : Receiving 
video file of a real sport game associated with synchronized 
event log and customized video ( stage 610 ) . Based on the 
game video , is created an attribute profile of an object based 
on events log analysis and at least one pattern of behavior to 
be published in a social network ( stage 615 ) and the module 
enables a real - time upload of the user profile , video file of 
a real sport game and / or customized videos to a social 
network ( stages 620 , 625 ) . 
[ 0128 ] FIG . 7 is a flowchart diagram illustrating activity of 
debriefing presentation training module 700 , according to 
some embodiments of the invention . 
[ 0129 ] First the debriefing presentation training module 
receives a video file of a real sport game associated with 
synchronized event log . 
[ 0130 ] Throughout the game real time reports of events 
and statistics are received ( stage 715 ) from the tracking 
module or the event module . 
[ 0131 ] According to an aspect of the present invention , 
debriefing presentation training module 700 may receive a 
query from a user ( 720 ) . 
( 0132 ] Optionally , the module plays a video file of a real 
sport game with synchronized event log enabling the user to 
" jump " between specific events according to user selections 
( stage 725 ) . 
[ 0133 ] Using the event log , an abridged video may be 
played per user query by jumping between requested events . 
The abridged video may present only scenarios including 
events related to the user query , such as , all strokes at the 
rear part of the court ( 730 ) . Throughout the presentation of 
the abridged video of the session the user may “ jump " from 
one marked event to the other based on the event log . 
According to user query based on analyzed video data of 
objects motion , a virtual 3D dynamic scenes movie can be 
played that is generated online or in real - time , using 3D 
engine which simulates players and ball motion ( step 735 ) . 
Optionally , the module presents reports of events and statics 
in real time by voice or by text appearing on the video ( stage 
740 ) . 
[ 0134 ] According to further embodiments of the present 
invention , the system comprises a pointing device ( 160 , see 
FIG . 1 ) enabling to mark positions on the field ground for the 
purpose of indicating the position of the virtual opponent . 
The pointing device is controlled by a designated controller 
module , based on simulation of the opponent virtual player 
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and / or predefined training programs . According to an 
optional embodiment , the pointing device can be a laser 
based device enabling to use a laser beam that continuously 
marks the location of the virtual opponent on the tennis court 
ground . According to another option the virtual opponent is 
indicated by a hologram . 
[ 0135 ] According to yet another aspect of the invention , 
the system may include at least one tennis ball machine for 
projecting balls in a court for training purposes . The ball 
machine may be programmed to utilize the video game 
analysis for identifying player behavior and activate the ball 
machine for effective training of the player . 
[ 0136 ] According to some embodiments of the present 
invention , the pattern analysis of the players ' image can 
indicate on physical characteristics of the player such as the 
player's weight and calories that were lost throughout the 
game . 
[ 0137 ] According to an aspect of the invention , tracking , 
identifying and capturing the motion of players and objects 
such as balls and rackets may be performed utilizing the 
following elements : ( i ) RT methods ; ( ii ) smart cameras ; ( iii ) 
image processing and patterns recognition ; ( iv ) 3D objects 
localization and tracking ; ( v ) human behavior modeling ; ( vi ) 
3D visualization ( vii ) video compression ; and ( viii ) web 
cloud platform . 
[ 0138 ] Further , the tool may provide : ( i ) a RT ball speed 
detection ; ( ii ) an audio feedback , such as announcing game 
score or ball velocity ; ( iii ) score measurement ; ( iv ) in and 
out calculations , and ( v ) an immediate video playback . 
[ 0139 ] In the above description , an embodiment is an 
example or implementation of the invention . The various 
appearances of “ one embodiment ” , “ an embodiment ” or 
" some embodiments ” do not necessarily all refer to the same 
embodiments . 
[ 0140 ] Although various features of the invention may be 
described in the context of a single embodiment , the features 
may also be provided separately or in any suitable combi 
nation . Conversely , although the invention may be described 
herein in the context of separate embodiments for clarity , the 
invention may also be implemented in a single embodiment . 
[ 0141 ] Furthermore , it is to be understood that the inven 
tion can be carried out or practiced in various ways and that 
the invention can be implemented in embodiments other 
than the ones outlined in the description above . 
[ 0142 ] The invention is not limited to those diagrams or to 
the corresponding descriptions . For example , flow need not 
move through each illustrated box or state , or in exactly the 
same order as illustrated and described . 
[ 0143 ] Meanings of technical and scientific terms used 
herein are to be commonly understood as by one of ordinary 
skill in the art to which the invention belongs , unless 
otherwise defined . 
What is claimed is : 
1. A Smart - court system , comprising : 
a computer programmed to implement : 
a capture module , for receiving a video stream of a sport 

session ; 
an object detector module , for tracking at least one object 

as appearing in the video stream ; 
an event module , for analyzing motion of the tracked at 

least one object , for identifying a plurality of events and 
classifying the identified events into types based on 
said tracking and analyzing , and for creating a syn 

chronized event log of the classified events based on 
said identifying and classifying ; and 

a presentation module , for allowing a user to selectively 
play at least one of the identified events classified into 
the types , by type , using the synchronized event log . 

2. The smart - court system of claim 1 , further comprising 
a tracking module configured to identify a part of the sport 
session , the part starting with a ball stroke and ending with 
a player gaining a score . 

3. The smart - court system of claim 1 , wherein one of the 
at least one tracked object is a player and the computer is 
further programmed to yield a pattern of behavior of the 
player from more than one of the identified events . 

4. The smart - court system of claim 3 , wherein the com 
puter is further programmed to generate a profile of the 
player , the profile comprising information based at least in 
part , on the yielded pattern of behavior . 
5. The smart - court system of claim 1 , wherein said 

computer is further programmed to perform automatic cali 
bration by dividing a court as appearing in the video stream 
using at least one grid , and in each frame of the video stream , 
checking the grid for deviation of a line of the court from the 
grid . 
6. The smart - court system of claim 1 , wherein the com 

puter is further programmed to identify a start and end of a 
sport game or training session and to automatically identify 
a change of status of the sport game or training session . 

7. The smart - court system of claim 1 , wherein the com 
puter is further programmed to identify a change of location 
of players when the players switch sides on a court . 

8. The smart - court system of claim 1 , further comprising 
an additional techniques and strategies module , configured 
to provide recommendations to a player on how to correct 
activity in a sport game based on said analyzing . 

9. The smart - court system of claim 1 , wherein said 
computer is further programmed to use said identifying of 
the events , for cutting out idle time in the video stream . 

10. The smart - court system of claim 1 , wherein said 
presentation module is further configured to enable playing 
an abridged video displaying only some of the identified 
events by jumping between some of the identified events 
according to a user - input query and the synchronized log 
event . 

11. The smart - court system of claim 1 , wherein the 
presentation module is further configured to play a virtual 
3D dynamic scene using a 3D engine which simulates 
objects behavior based on said analyzing . 

12. The smart - court system of claim 1 , wherein said 
computer is further configured to identify occurrence of a 
mental event based on said analyzing . 

13. A method for implementing a smart court system , the 
method comprising : 

by a computer , receiving a video stream of a sport session ; 
tracking at least one object as appearing in the video 

stream ; 
analyzing motion of the tracked at least one object ; 
identifying a plurality of events and classifying the iden 

tified events into types , based on said tracking and 
analyzing ; creating a synchronized event log of the 
classified events based on said identifying and classi 
fying ; and 

allowing a user to selectively play at least one of the 
identified events classified into types , by type , using the 
synchronized event log . 
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14. The method of claim 13 , further comprising identi 
fying a part of the sport session , the part starting with a ball 
stroke and ending with a player gaining a score . 

15. The method of claim 13 , further comprising yielding 
a pattern of behavior of a player from more than one of the 
identified events . 

16. The method of claim 13 , further comprising identi 
fying a change of status of the sport session according to a 
predefined gesture of a user . 

17. The method of claim 13 , further comprising creating 
a customized video by integrating events according to a 
given criteria defined by a user . 

18. The method of claim 13 , further comprising identi 
fying unforced error based on identifying timing and posi 
tion of a player before striking a ball . 

19. The method of claim 13 , further comprising automati 
cally calculating a game score based on said identified and 
classified events and on an analysis of player and ball 
position and motion . 
20. The method of claim 13 , further comprising providing 

performance matching between players . 
* * 


