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520 Correlate a tag to a participant 

522 Correlate a sensor to a participant 

524 Receive blink data 

Determine tag derived data and tag location data based on 
blink data 

528 Receive sensor derived data associated with participant 

530 Receive role data for the participant 

Compare tag derived data to participant dynamics models 
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based in part on participant role data 
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536 Determine participant location data 

533 Determine/Update role data for the participant 
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METHOD, APPARATUS, AND COMPUTER 
PROGRAMI PRODUCT FOR PERFORMANCE 
ANALYTICS FOR DETERMINING ROLE, 
FORMATION, AND PLAY DATA BASED ON 
REAL-TIME DATA FOR PROXMITY AND 

MOVEMENT OF OBJECTS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims priority from and the benefit 
of the filing date of U.S. Provisional Patent Application No. 
61/831,990 filed Jun. 6, 2013, the contents of which is incor 
porated by reference in its entirety herein. 

FIELD 

0002 Embodiments discussed herein are related to radio 
frequency locating and, more particularly, to systems, meth 
ods, apparatuses, computer readable media and other means 
for providing performance analytics. 

BACKGROUND 

0003 Producing analysis of performance for sports events 
and/or teams is generally a resource intensive process often 
involving experienced individuals manually reviewing games 
or recordings of games to compile events and statistics for a 
game and the participants. Such analysis may be error prone 
as it requires reviewing a large number of participants moving 
among complex formations at each moment of a game. 
0004. A number of deficiencies and problems associated 
with providing performance analytics are identified herein. 
Through applied effort, ingenuity, and innovation, exemplary 
solutions to many of these identified problems are embodied 
by the present invention, which is described in detail below. 

BRIEF SUMMARY 

0005 Systems, methods, apparatuses, and computer read 
able media are disclosed for providing real-time collection 
and analysis of participant (e.g., player) performance, events, 
and statistics during a sporting event or other group activity 
using a locating system, Such as a radio frequency locating 
system, as herein described. 
0006 Embodiments of the present invention may provide 
for automatic recognition of formations, plays, and events 
during a sporting event through the processing of real time (or 
near real time) data regarding location, change in location, 
change in acceleration, orientation, sensor data, or the like, 
for participants that comprise a team or are otherwise associ 
ated with a sporting event or other group activity and how 
Such data fits models that define the formations, plays, and 
events. Once Such formations, plays, and events have been 
defined or identified they may be used to operate, control, or 
drive analytics or control systems such as, without limitation, 
visualization systems, game operations systems, camera con 
trol systems, team analytics systems, league analytics sys 
tems, statistics systems, and XML feed/IM feed systems. 
0007. In one embodiment, a method is provided for gen 
erating formation data that at least includes receiving partici 
pant location data determined based on tag derived data and 
participant role data; receiving field data; comparing the par 
ticipant location data to formation models based at least in 
part on the participant location data, the participant role data, 
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and the field data; and determining formation databased on 
the comparing the participant location data to the formation 
models. 
0008. In some embodiments, the method may further 
include comparing the participant location data to play mod 
els based at least in part on the participant role data, the field 
data, and the formation data; and determining play databased 
on the comparing the participant location data and the forma 
tion data to the play models. In some embodiments, the 
method may further include updating the formation models 
based on the formation data. 
0009. In another embodiment, a method is provided for 
monitoring a participant that at least includes correlating at 
least one tag to the participant; correlating at least one sensor 
to the participant; receiving blink data associated with the at 
least one tag; receiving sensor derived data associated with 
the at least one sensor, determining tag location databased at 
least on the blink data; comparing the tag location data and the 
sensor derived data to participant dynamics/kinetics models; 
determining participant location databased on the comparing 
the tag location data and the sensor derived data to the par 
ticipant dynamics/kinetics models; and determining partici 
pant role databased on the determining participant location 
data. In some embodiments, the method may further include 
updating the dynamics/kinetics models based on the partici 
pant location data. 
0010. In another embodiment, a method is provided for 
generating play data that at least includes receiving partici 
pant location data determined based on tag location data, 
sensor derived data, and participant role data; receiving for 
mation data and field data; comparing the participant location 
data and formation data to play models based at least in part 
on the participant role data and the field data; and determining 
play databased on the comparing the participant location data 
and the formation data to the play models. In some embodi 
ments, the method may further include updating the play 
models based on the play data. 
0011. In another embodiment, a method is provided for 
generating sporting event analytics comprising receiving par 
ticipant location data; receiving participant role data; receiv 
ing formation data; receiving play data; determining output 
events based at least in part on the participant location data, 
the participant role data, the formation data, and the play data; 
storing the output events in a data store; and providing at least 
Some of the output events to one or more analytics systems or 
control systems. 
0012. In another embodiment, an apparatus is provided for 
generating formation data comprising at least one processor 
and at least one memory including computer program instruc 
tions, the at least one memory and the computer program 
instructions configured to, in cooperation with the at least one 
processor, cause the apparatus to receive participant location 
data determined based on tag derived data and participant role 
data; receive field data; compare the participant location data 
to formation models based at least in part on the participant 
location data, the participant role data, and the field data; and 
determine formation databased on the comparing the partici 
pant location data to the formation models. 
0013. In some embodiments, the apparatus may further 
comprise the at least one memory and the computer program 
instructions configured to, in cooperation with the at least one 
processor, cause the apparatus to compare the participant 
location data to play models based at least in part on the 
participant role data, the field data, and the formation data; 
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and determine play databased on the comparing the partici 
pant location data and the formation data to the play models. 
0014. In another embodiment, an apparatus is provided for 
monitoring a participant comprising at least one processor 
and at least one memory including computer program instruc 
tions, the at least one memory and the computer program 
instructions configured to, in cooperation with the at least one 
processor, cause the apparatus to correlate at least one tag to 
the participant; correlate at least one sensor to the participant; 
receive blink data associated with the at least one tag; receive 
sensor derived data associated with the at least one sensor; 
determine tag location databased at least on the blink data; 
compare the tag location data and the sensor derived data to 
participant dynamics/kinetics models; determine participant 
location databased on the comparing the tag location data and 
the sensor derived data to the participant dynamics/kinetics 
models; and determine participant role data based on the 
determining participant location data. 
0015. In another embodiment, an apparatus is provided for 
generating play data comprising at least one processor and at 
least one memory including computer program instructions, 
the at least one memory and the computer program instruc 
tions configured to, in cooperation with the at least one pro 
cessor, cause the apparatus to receive participant location data 
determined based on tag location data, sensor derived data, 
and participant role data; receive formation data and field 
data; compare the participant location data and formation 
data to play models based at least in part on the participant 
role data and the field data; and determine play databased on 
the comparing the participant location data and the formation 
data to the play models. 
0016. In another embodiment, an apparatus is provided for 
generating sporting event analytics comprising at least one 
processor and at least one memory including computer pro 
gram instructions, the at least one memory and the computer 
program instructions configured to, in cooperation with the at 
least one processor, cause the apparatus to receive participant 
location data; receive participant role data; receive formation 
data; receive play data; determine output events based at least 
in part on the participant location data, the participant role 
data, the formation data, and the play data; Store the output 
events in a data store; and provide at least some of the output 
events to one or more analytics systems or control systems. 
0017. In another embodiment, a computer program prod 
uct is provided for generating formation data, the computer 
program product comprising a non-transitory computer read 
able storage medium and computer program instructions 
stored therein, the computer program instructions comprising 
program instructions at least configured to receive participant 
location data determined based on tag derived data and par 
ticipant role data; receive field data; compare the participant 
location data to formation models based at least in part on the 
participant location data, the participant role data, and the 
field data; and determine formation databased on the com 
paring the participant location data to the formation models. 
0018. In some embodiments, the computer program prod 
uct may further comprise the computer program instructions 
at least configured to compare the participant location data to 
play models based at least in part on the participant role data, 
the field data, and the formation data; and determine play data 
based on the comparing the participant location data and the 
formation data to the play models. 
0019. In another embodiment, a computer program prod 
uct is provided for monitoring a participant, the computer 
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program product comprising a non-transitory computer read 
able storage medium and computer program instructions 
stored therein, the computer program instructions comprising 
program instructions at least configured to correlate at least 
one tag to the participant; correlate at least one sensor to the 
participant; receive blink data associated with the at least one 
tag; receive sensor derived data associated with the at least 
one sensor, determine tag location databased at least on the 
blink data; compare the tag location data and the sensor 
derived data to participant dynamics/kinetics models; deter 
mine participant location databased on the comparing the tag 
location data and the sensor derived data to the participant 
dynamics/kinetics models; and determine participant role 
databased on the determining participant location data. 
0020. In another embodiment, a computer program prod 
uct is provided for generating play data, the computer pro 
gram product comprising a non-transitory computer readable 
storage medium and computer program instructions stored 
therein, the computer program instructions comprising pro 
gram instructions at least configured to receive participant 
location data determined based on tag location data, sensor 
derived data, and participant role data; receive formation data 
and field data; compare the participant location data and 
formation data to play models based at least in part on the 
participant role data and the field data; and determine play 
databased on the comparing the participant location data and 
the formation data to the play models. 
0021. In another embodiment, a computer program prod 
uct is provided for generating sporting event analytics, the 
computer program product comprising a non-transitory com 
puter readable storage medium and computer program 
instructions stored therein, the computer program instruc 
tions comprising program instructions at least configured to 
receive participant location data; receive participant role data; 
receive formation data, receive play data; determine output 
events based at least in part on the participant location data, 
the participant role data, the formation data, and the play data; 
store the output events in a data store; and provide at least 
Some of the output events to one or more analytics systems or 
control systems. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING(S) 

0022. Having thus described the invention in general 
terms, reference will now be made to the accompanying 
drawings, which are not necessarily drawn to scale, and 
wherein: 
0023 FIG. 1 illustrates an exemplary environment using a 
radio frequency locating system for providing performance 
analytics in accordance with some embodiments of the 
present invention; 
0024 FIGS. 2A-C illustrate some exemplary participants 
carrying tags and sensors that may provide information to a 
performance analytics system in accordance with some 
embodiments of the present invention: 
0025 FIGS. 3A-3E are block diagrams showing the input 
and output of receivers and sensor receivers in accordance 
with an example embodiment; 
0026 FIG. 4 illustrates an exemplary system for providing 
performance analytics in accordance with some embodi 
ments of the present invention; 
0027 FIG. 5 illustrates example participant tracking over 
time in accordance with some embodiments of the present 
invention; 
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0028 FIGS. 6A-12 provide flowcharts of some exemplary 
processes that may be used in providing performance analyt 
ics in accordance with some embodiments of the present 
invention; and 
0029 FIG. 13 illustrates a block diagram of components 
that may be included in devices for performing operations in 
accordance with some embodiments of the present invention. 

DETAILED DESCRIPTION 

0030 The present invention now will be described more 
fully hereinafter with reference to the accompanying draw 
ings, in which some, but not all embodiments of the inven 
tions are shown. Indeed, the invention may be embodied in 
many different forms and should not be construed as limited 
to the embodiments set forth herein; rather, these embodi 
ments are provided so that this disclosure will satisfy appli 
cable legal requirements. Like numbers refer to like elements 
throughout. 

Overview 

0031 Existing performance analytics of sporting events 
have drawbacks in providing accurate data about events and 
participant actions that occur during a game. Game day data 
is often manually collected by individuals documenting par 
ticipant actions and play participation during a game. Perfor 
mance review of a game often requires individuals to manu 
ally review game recordings over a number of hours after a 
game to compile player actions and events during play. This 
performance review is also often limited to statistics and data 
that can be identified or captured by the individuals watching 
or reviewing a game or game film. In addition, Such review 
and any analytics data flowing therefrom is provided freely on 
a non-exclusive basis as anyone with access to game film can 
compile similar analytics data. 
0032 Embodiments of the present invention are directed 
to methods, systems, apparatuses, and computer readable 
storage media for providing real-time collection of data and 
analysis of participant performance and play statistics during 
a game Such as by using radio frequency locating systems and 
radio frequency identification (“RFID). 
0033 Embodiments of the present invention may provide 
for automatic recognition of formations, plays, and events 
through the processing of real time data (or near real time 
data) regarding location, change in location, Velocity, change 
in acceleration, orientation, or the like, for participants based 
on an analysis of relevant models and data as described in 
detail below. The term “participant’ as used herein refers to 
players, officials, game related objects Such as the ball, pen 
alty markers, line of scrimmage and yard to gain markers, and 
any other movable object proximate a field of play. 
0034. In embodiments where participants are players, a 
group or plurality of participants may be grouped into squads 
(e.g., offense, defense, kickoff, punt, kick return, punt return, 
field goal, infield, outfield, bullpen, etc.) and/or teams (e.g., 
football team, baseball team, Swim team, etc.). Participants 
on the same team are called team mates; participants on 
different teams are called adversaries. 
0035 Embodiments of the present invention may provide 
for automated data collection with reduced errors, as well as 
providing additional statistics that may not be available with 
current systems. Additionally, embodiments may provide for 
rapid (i.e., near instantaneous) production of game review 
documentation (e.g., playbooks). Embodiments of the 
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present invention may also provide additional and exclusive 
data and analysis that may be securely licensed without con 
cern that similar analytics may be readily reproduced without 
a system configured as set forth below. 
0036 Embodiments of the present invention may allow 
for the simultaneous tracking of a plurality of participants and 
may provide for indications of player statistics and/or poten 
tial play events in real time (or near real time). Such indica 
tions may be output to a variety of systems including, without 
limitation, a visualization system (e.g., an enhanced televi 
sion broadcast system or computer graphics visualization 
system), a game operations system, a camera control system, 
a team analytics system, a league analytics system, and a 
statistics system. 
0037 Embodiments of the present invention are illus 
trated in the appended figures and description below in rela 
tion to the sport of American football. However, as will be 
apparent to one of ordinary skill in the art in view of this 
disclosure, the inventive concepts herein described are not 
limited to football and may be applied to various other appli 
cations including, without limitation, other sports or group 
events such as baseball, basketball, golf, hockey, Soccer, rac 
ing or motorsports, competitive events, and the like. 

Example RF Locating System Architecture 
0038 FIG. 1 illustrates a radio frequency locating system 
useful for determining the location of an object (e.g. a football 
player on a football field) by determining RF location tag 102 
(e.g., a ultra-wide band (UWB) location tag) location infor 
mation at each receiver 106 (e.g., UWB reader, etc.); a timing 
reference clock to synchronize the frequency of counters 
within each receiver 106; and, in some examples, a reference 
tag 104, preferably a UWB transmitter, positioned at known 
coordinates to enable phase offset between counters to be 
determined. The systems described herein may be referred to 
as either “multilateration” or “geolocation' systems; terms 
which refer to the process of locating a signal source by 
Solving for the mathematical intersection of multiple hyper 
bolae determined by the difference of arrival times of a signal 
received at multiple receivers. 
0039. In some examples, the system comprising at least 
the tags 102 and the receivers 106 is configured to provide two 
dimensional and/or three dimensional precision localization 
(e.g., Subfoot resolutions), even in the presence of multipath 
interference, due in part to the use of short nanosecond dura 
tion pulses whose time-of-flight can be accurately determined 
using detection circuitry, such as in the receivers 106, which 
can trigger on the leading edge of a received waveform. In 
Some examples, this short pulse characteristic allows neces 
sary data to be conveyed by the system at a higher peak power, 
but lower overall power levels, than a wireless system con 
figured for high data rate communications, yet still operate 
within local regulatory requirements which may limit overall 
power levels. 
0040. In some examples, the tags 102 may operate with an 
instantaneous-3 dB bandwidth of approximately 400 MHz 
and an average transmission rate below a 187.5 kHz regula 
tory cutoff. In Such examples, the predicted maximum range 
of the system, operating at 6.0 GHz, is roughly 311 meters. 
Such a configuration advantageously satisfies constraints 
applied by regulatory bodies related to peak and average 
power densities (e.g., effective isotropic radiated power den 
sity), while still optimizing system performance related to 
range and interference. In further examples, tag transmissions 
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with a -3dB bandwidth of approximately 400 MHZyields, in 
Some examples, an instantaneous pulsewidth of roughly 2.5 
nanoseconds which enables a resolution to better than 30 
centimeters. 
0041 Referring again to FIG. 1, the object to be located 
has an attached RF location tag 102, preferably a tag having a 
UWB transmitter, that transmits a signal comprising a burst 
(e.g., 72 pulses at a burst rate of 1 Mb/s), and optionally, a 
burst having a tag data packet that may include tag data 
elements that may include, but are not limited to, a tag unique 
identification number (tag UID), other identification informa 
tion, a sequential burst count, Stored tag data, or other desired 
information for object or personnel identification, inventory 
control, etc. In some embodiments, the tag data packet may 
include a tag-individual correlator that can be used to associ 
ate a specific individual (e.g., participant) with a specific tag. 
In some examples, the sequential burst count (e.g., a packet 
sequence number) from each tag 102 may be advantageously 
provided in order to permit, at a receiver hub 108, correlation 
of time of arrival (TOA) measurement data from various 
receivers 106. 
0042. In some examples, the RF location tag 102 may 
employ UWB waveforms (e.g., low data rate waveforms) to 
achieve extremely fine resolution because of their extremely 
short pulse (i.e., Sub-nanosecond to nanosecond, Such as a 2 
nS (1 ns up and 1 ns down)) durations. As such, the tag data 
packet may be of a short length (e.g., 72-112 bits in some 
example embodiments), that advantageously enables a higher 
throughput and higher transmission rates. In some examples, 
higher throughput and/or higher transmission rates may result 
in larger datasets for filtering to achieve a more accurate 
location estimate. In some examples, rates of up to approxi 
mately 2600 updates per second can be accommodated with 
out exceeding regulatory requirements. Alternatively or addi 
tionally, in some examples, the length of the tag data packets, 
in conjunction with other system functionality, may also 
result in a longer battery life (e.g., a 3.0 V 1 A-hr lithium cell 
battery may result in a tag battery life in excess of 3.8 years). 
0043. In some examples, one or more other tags, such as a 
reference tag 104, may be positioned within and/or about a 
monitored area or Zone, such as monitored area 100 illus 
trated herein as a football field. In some examples, the refer 
ence tag 104 may be configured to transmit a signal that is 
used to measure the relative phase (e.g., the count of free 
running counters) of non-resettable counters within the 
receivers 106. 

0044 One or more (preferably four or more) receivers 106 
are also at locations with predetermined coordinates within 
and/or around the monitored area 100. In some examples, the 
receivers 106 may be connected in a "daisy chain fashion to 
advantageously allow for a large number of receivers 106 to 
be interconnected overa significant monitored area in order to 
reduce and simplify cabling, reduce latency, provide power 
and/or the like. Each of the receivers 106 includes a receiver 
for receiving transmissions, such as UWB transmissions, and 
preferably, a packet decoding circuit that extracts a time of 
arrival (TOA) timing pulse train, transmitter ID, packet num 
ber and/or other information that may have been encoded in 
the tag transmission signal (e.g., material description, per 
Sonal information, etc.) and is configured to sense signals 
transmitted by the tags 102 and one or more reference tags 
104 (if present). 
0045. Each receiver 106 includes a time measuring circuit 
that measures time differences of arrival (TDOA) of tag 
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bursts. The time measuring circuit is phase-locked (e.g., 
phase differences do not change and therefore respective 
frequencies are identical) with a common digital reference 
clock signal distributed via cable connection from a receiver 
hub 108 having a central timing reference clock generator. 
The reference clock signal establishes a common timing ref 
erence for the receivers 106. Thus, multiple time measuring 
circuits of the respective receivers 106 are synchronized in 
frequency, but not necessarily in phase. While there typically 
may be a phase offset between any given pair of receivers in 
the receivers 106, the offset is readily determined through use 
of a reference tag 104. Alternatively or additionally, each 
receiver may be synchronized wirelessly via virtual synchro 
nization without a dedicated physical timing channel. 
0046. In some example embodiments, the receivers 106 
are configured to determine various attributes of the received 
signal. Since measurements are determined at each receiver 
106, in a digital format, rather than analog, signals are trans 
mittable to the receiver hub 108. Advantageously, because 
packet data and measurement results can be transferred at 
high speeds to a receiver memory, the receivers 106 can 
receive and process tag (and corresponding object) locating 
signals on a nearly continuous basis. As such, in some 
examples, the receiver memory allows for a high burst rate of 
tag events (i.e., tag data packets) to be captured. 
0047 Data cables or wireless transmissions may convey 
measurement data from the receivers 106 to the receiver hub 
108 (e.g., the data cables may enable a transfer speed of 2 
Mbps). In some examples, measurement data is transferred to 
the receiver hub at regular polling intervals. 
0048. As such, the receiver hub 108 determines or com 
putes tag location (i.e., object location) by processing TDOA 
measurements related to multiple data packets detected by the 
receivers 106. In some example embodiments, the receiver 
hub 108 may be configured to resolve the coordinates of a tag 
using nonlinear optimization techniques. The receiver hub 
108 may also be referred to herein as a locate engine or a 
receiver hub/locate engine. 
0049. In some examples, the system described herein may 
be referred to as an "over-specified’ or “over-determined 
system. As such, the receiver hub 108 may then calculate one 
or more valid (i.e., most likely) locations based on a set of 
measurements and/or one or more incorrect (i.e., less likely) 
locations. For example, a location may be calculated that is 
impossible due the laws of physics (e.g., a tag on a football 
player that travels more than 100 yards in 1 second) or may be 
an outlier when compared to other locations. As such one or 
more algorithms or heuristics may be applied to minimize 
Such error. 

0050. One such algorithm for error minimization, which 
may be referred to as a time error minimization algorithm, 
may be described as: 

0051 where N is the number of receivers, c is the speed of 
light, X, y,k and Z, are the coordinates of the receivers and 
t are the arrival times received at each of the receivers. Note 
that only time differences may be evaluated at hub 108 in 
Some example embodiments. The starting point for the mini 
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mization may be obtained by first doing an area search on a 
coarse grid of x, y and Z over an area defined by the user and 
followed by a localized steepest descent search. 
0052 Another or second algorithm for error minimiza 

tion, which may be referred to as a distance error minimiza 
tion algorithm, may be defined by: 

W 
2 

0053 where time and location differences are replaced by 
their non-differential values by incorporating an additional 
unknown dummy Variable, to which represents an absolute 
time epoch. The starting point for this algorithm is fixed at the 
geometric mean position of all active receivers. No initial area 
search is needed, and optimization proceeds through the use 
of a DavidonFletcher-Powell (DFP) quasi-Newton algorithm 
in some examples. In other examples, a steepest descent 
algorithm may be used. 
0054. In order to determine the coordinates of a tag (T), in 
Some examples and for calibration purposes, a reference tag 
(e.g., reference tag 104) is positioned at a known coordinate 
position (X1, y1, Z7). 
0055. In further example embodiments, a number N of 
receivers {R. j=1,..., N} (e.g., receivers 106) are positioned 
at known coordinates (XR, y R. ZR), which are respectively 
located at distances, such as: 

0056 
I0057. Each receiver R, utilizes, for example, a synchro 
nous clock signal derived from a common frequency time 
base. Such as clock generator. Because the receivers are not 
synchronously reset, an unknown, but constant offset O, 
exists for each receiver's internal free running counter. The 
value of the offset O, is measured in terms of the number of 
fine resolution count increments (e.g., a number of nanosec 
onds for a one nanosecond resolution system). 
0058. The reference tag is used to calibrate the radio fre 
quency locating system as follows: 
0059. The reference tag emits a signal burst at an unknown 
time t. Upon receiving the signal burst from the reference 
tag, a count Nr. as measured at receiver R, is given by 

from a reference tag. 

0060 where c is the speed of light and B is the number of 
fine resolution count increments per unit time (e.g., one per 
nanosecond). Similarly, each object tag T, of each object to be 
located transmits a signal at an unknown time T, to produce a 
COunt 

(0061 at receiver R, where d, is the distance between the 
object tag T, and the receiver at receiver R. Note that t, is 
unknown, but has the same constant value for receivers of all 
receivers R. Based on the equalities expressed above for 
receivers R, and R, and given the reference tag information, 
differential offsets expressed as differential count values are 
determined as follows: 
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dR; dr, 
N, -N = (O-O.)+/- - - - 
O 

- R - N - K. 

= Ai, 

10062) A is constant as long as de-do remains constant, 
(which means the receivers and tag are fixed and there is no 
multipath situation) and B is the same for each receiver. Note 
that A, is a known quantity, since NR Nr. B. de/c, and di?c 
are known. That is, the differential offsets between receivers 
R, and R may be readily determined based on the reference 
tag transmissions. Thus, again from the above equations, for 
an object tag (T,) transmission arriving at receivers R, and R: 

0063 or, 
d-d, (c/?)IN- is Ajil, 

0064. The process further includes determining a mini 
mum error value E, for each object tag T, according to the 
functional relationship: 

E = min X. X. (d. di.) - (dist(Ty, R)-dist(Ty, R.) 

where 

dist(Ty, Ri) = 

0065 is the Euclidean distance between point (x,y,z) and 
the coordinates of the j" receiver R, The minimization solu 
tion (x,y,z) is the estimated coordinate location for thei" tag 
at to 
0066. In an example algorithm, this proceeds according to: 

W 
2 

where each arrival time, t, is referenced to a particular 
receiver (receiver “1”) as follows: 

and the minimization is performed over variables (x, y, Z, to) 
to reach a solution (x, y, z, to"). 
0067. In some example embodiments, the location of a tag 
102 may then be output to a receiver processing and distribu 
tion system 110 for further processing of the location data to 
advantageously provide visualizations, predictive analytics, 
statistics and/or the like. 
0068. The exemplary radio frequency locating system of 
FIG. 1 may be used in providing performance analytics in 
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accordance with some embodiments of the present invention. 
In the environment of FIG. 1, data may be captured and 
analyzed, such as during a sporting event to identify events, 
statistics, and other data useful to a sports team, league, 
viewer, licensee, or the like. In some embodiments, data 
associated with a number of objects or participants (e.g., 
players, officials, balls, game equipment, etc.) on a playing 
field, such as monitored area 100, may be generated and 
provided to a performance analytics system. As such, as fur 
ther discussed in connection with FIGS. 2A-C below, each 
object may have one or more attached tags 102 (such as to 
equipment worn by a player) to be used to track data Such as 
location, change of location, speed, or the like of each object. 
In some embodiments, additional sensors, such as, without 
limitation, accelerometers, magnetometers, time-of-flight 
sensors, health sensors, temperature sensors, moisture sen 
sors, light sensors, or the like, may be attached to each object 
to provide further data to the performance analytics system. 
Such additional sensors may provide data to the tag 102. 
either through a wired or wireless connection, to be transmit 
ted to the receivers 106 or the sensors may be configured to 
transmit data to receivers (i.e., sensor receivers) separately 
from tags 102. 
0069. One or more of the receivers 106 may receive trans 
missions from tags 102 and transmit the blink data to a 
receiver hub 108. The receiver hub 108 may process the 
received data to determine tag location for the tags 102. The 
receiver hub 108 may transmit the tag location data to one or 
more processors, such as receiver processing and distribution 
system 110. Receiver processing and distribution system 110 
may use one or more modules (e.g., processing engines) and 
one or more databases to identify the object each of the tags 
102 is associated with, such as a player, official, ball, or the 
like. 

0070. In some embodiments, multiple tags 102 (as well as 
other sensors) may be attached to the equipment worn by an 
individual player, official, or other participant. The receiver 
processing and distribution system 110 may use one or more 
databases to associate the tag identifier (e.g., a tag UID) of 
each tag 102 with each player, official, object, or other par 
ticipant and correlate the tag location data and/or other tag 
and sensor derived data for multiple tags 102 that are associ 
ated with a particular player, official, object, or other partici 
pant. 
0071. As discussed in greater detail below, the receiver 
processing and distribution system 110 may then use the tag 
location data and/or other tag and sensor derived data to 
determine player dynamics, such as a player's location, how 
the location is changing with time, orientation, Velocity, 
acceleration, deceleration, total yardage, or the like. The 
receiver processing and distribution system 110 may also use 
the tag location data and/or other tag and sensor derived data 
to determine dynamics for other participants such as the offi 
cials, the ball, penalty markers, line of scrimmage or yards to 
gain markers, or the like, for use in generating data for per 
formance analytics. The receiver processing and distribution 
system 110 may also use the data and one or more databases 
to determine team formations, play activity, events, statistics, 
or the like, such as by comparing the data to various models to 
determine the most likely formation or play or the events that 
have occurred during a game. The receiver processing and 
distribution system 110 may also use the data to provide 
statistics or other output data for the players, teams, and the 
game. 
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0072. As will be apparent to one of ordinary skill in the art, 
the inventive concepts herein described are not limited to use 
with the UWB based RF locating system shown in FIG. 1. 
Rather, in various embodiments, the inventive concepts 
herein described may be applied to various other locating 
systems especially those that are configured to provide robust 
location resolution (i.e., Subfoot location resolution). 

Example Tag/Sensor Positioning and Participant 
Correlation 

0073 FIG. 1 shows a monitored area 100. The monitored 
area 100 comprises a plurality of positions at one or more time 
epochs. The plurality of positions may be divided into one or 
more regions, called Zones. Each Zone may be described by 
one or more coordinate systems, such as a local NED (North 
East-Down) system, a latitude-longitude system, or even a 
yard line system as might be used for an American football 
game. A location is a description of a position, or a plurality 
of positions, within the monitored area. For example, a field 
marker at the intersection of the South goal line and west out 
of bounds line at Bank of America Stadium in Charlotte, N.C. 
could be described as {0.0.0 in a local NED system, or 
35.225336 N 80.85273 W longitude 751 ft. altitude on a 
latitude-longitude system, or simply “Panthers Goal Line” in 
a yard line system. Because different types of locating sys 
tems or different Zones within a single locating system may 
use different coordinate systems, a Geographical Information 
System or similar monitored area database may be used to 
associate location data. One type of Geographical Informa 
tion System describing at least a field of play may be called 
Field Data. 
0074 FIGS. 2A-C illustrate some exemplary participants 
that may provide information to a performance analytics sys 
tem in accordance with some embodiments of the present 
invention. FIG. 2A illustrates a player 202 (e.g., a football 
player) wearing equipment having attached tags 102 in accor 
dance with some embodiments. In particular, the depicted 
player 202 is wearing shoulderpads having tags 102 affixed to 
opposite sides thereof. This positioning advantageously pro 
vides an elevated broadcast position for each tag 102 thereby 
increasing its communication effectiveness. 
0075 Additional sensors 203 may be attached to equip 
ment worn by player 202. Such as accelerometers, magnetom 
eters, time-of-flight sensors, health monitoring sensors (e.g., 
blood pressure sensors, heart monitors, respiration sensors, 
moisture sensors, temperature sensors), light sensors, or the 
like. The additional sensors 203 may be affixed to shoulder 
pads, the helmet, the shoes, rib pads, elbow pads, the jersey, 
the pants, a bodysuit undergarment, gloves, armbands, wrist 
bands, and the like. 
0076 Sensors 203 may be configured to communicate 
with receivers (e.g., receivers 106 of FIG. 1) directly or indi 
rectly through tags 102 or other transmitters. For example, in 
one embodiment, a sensor 203 may be connected, wired (e.g., 
perhaps through wires sewn into a jersey or bodysuit under 
garment) or wirelessly, to tags 102 to provide sensor data to 
tags 102, which is then transmitted to the receivers 106. In 
another embodiment, a plurality of sensors (not shown) may 
be connected to a dedicated antenna or transmitter, perhaps 
positioned in the helmet, which may transmit sensor data to 
one or more receivers. 
(0077 FIG. 2B illustrates a game official 206 wearing 
equipment having attached tags 102 and sensors 203 inaccor 
dance with some embodiments. In the depicted embodiment, 
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tags 102 are attached to the official's jersey proximate oppo 
site shoulders. Sensors 203 are positioned in wristbands worn 
on the officials wrists as shown. Sensors 203 may be config 
ured to communicate with receivers (e.g., receivers 106 of 
FIG. 1) directly or indirectly through tags 102 or other trans 
mitters as discussed above in connection with FIG. 2A. 
0078. As discussed in greater detail below, the positioning 
of sensors 203 (here, accelerometers) proximate the wrists of 
the official may allow the receiver processing and distribution 
system 110 to determine particular motions, movements, or 
activities of the official 206 for use in determining events 
(e.g., winding of the game clock, first down, touchdown, or 
the like). The official 206 may also carry other equipment, 
such as penalty flag 208, which may also have a tag 102 (and 
optionally one or more sensors) attached to provide addi 
tional data to the receiver processing and distribution system 
110. For example, the receiver processing and distribution 
system 110 may use tag location data from the penalty flag 
208 to determine when the official is merely carrying the 
penalty flag 208 versus when the official is using the penalty 
flag 208 to indicate an event, such as a penalty (e.g., by 
throwing the penalty flag 208). 
0079 FIG. 2C illustrates an example of a ball 210 having 
tags 102 attached or embedded in accordance with some 
embodiments. Additionally, sensors 203 may be attached to 
or embedded in the ball 210, such as accelerometers, time 
of-flight sensors, or the like. In some embodiments, the sensor 
203 may be connected, wired or wirelessly, to tag 102 to 
provide sensor data to tag 102 which is then transmitted to the 
receivers 106. In some embodiments, the sensor 203 may 
transmit sensor data to receivers separately from the tag 102. 
such as described above in connection with FIG. 2A. 
0080. As will be apparent to one of ordinary skill in the art 
in view of this disclosure, once the tags 102 and sensors 203 
of FIGS. 2A-C are positioned on participants, they may be 
correlated to Such participants. For example, in Some embodi 
ments, unique tag or sensor identifiers (“unique IDs) may be 
correlated to a participant profile (e.g., John Smith—running 
back, Fred Johnson line judge official, or ID 027—one of 
several game balls, etc.) and stored to a remote database 
accessible to the performance analytics system as discussed 
in greater detail below. Each participant profile may further 
include or be correlated with a variety of data including, but 
not limited to, biometric data (e.g., height, weight, health 
data, etc.), role data, team ID, performance statistics, and 
other data that may be apparent to one of skill in the artin view 
of the foregoing description. 
0081. In some embodiments, such participant profile or 
role data may be pre-defined and stored in association with 
the unique tag or sensoridentifiers. In other embodiments, the 
participant profile or role data may also be “learned by the 
system as a result of received tag or sensor data, formation 
data, play data, event data, and/or the like. For example, in 
Some embodiments the system may determine that a tag or 
sensor is not correlated to a participant profile and may ana 
lyze data received from the tag and/or sensor to determine 
possible participant roles, etc., which may be ranked and then 
selected/confirmed by the system or by a user after being 
displayed by the system. In some embodiments, the system 
may determine possible participant roles (i.e., participant role 
data) based on determined participant location data (e.g., 
movement patterns, alignment position, etc.). 
0082 In some embodiments, as described in greater detail 
below, the participant profile or role data may also be updated 
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by the system (i.e., to produce a data set for the participant that 
is far more robust than that established at initial registration) 
as a result of received tag or sensor data, formation data, play 
data, event data, and/or the like. In some embodiments, the 
participant profile and/or role data may be used in a perfor 
mance analytics system to weight the actions of the partici 
pants during analysis to assist in qualifying what is occurring, 
Such as in determining formations, plays, events, etc. 

Tag ID and Sensor Data Transmission Architecture 
I0083 FIGS.3A, 3B,3C,3D, and 3E show block diagrams 
of various differentarchitectures that may be utilized in trans 
mitting signals from one or more tags and sensors to one or 
more receivers of a receiver processing and analytics system 
in accordance with embodiments of the invention. In some 
embodiments, the depicted architectures may be used in con 
nection with the receiver processing and analytics system 110 
of FIG.1. More than one of these architectures may be used 
together in a single system. 
I0084 FIG. 3A shows a RF location tag 102, such as that 
shown in FIG. 1, which may be configured to transmit a tag 
signal to one or more receivers 106. The one or more receivers 
106 may transmit a receiver signal to the receiver hub/locate 
engine 108. 
I0085. The depicted RF location tag 102 may generate or 
store a tag unique identifier ("tag UID) and/or tag data as 
shown. The tag data may include useful information Such as 
the installed firmware version, last tag maintenance date, 
configuration information, and/or a tag-individual correlator. 
The tag-individual correlator may comprise data that indi 
cates that a monitored individual (e.g., participant) is associ 
ated with the RF location tag 102 (e.g. name, uniform number 
and team, biometric data, tag position on individual, i.e., right 
wrist). As will be apparent to one of skill in the art in view of 
this disclosure, the tag-individual correlator may be stored to 
the RF location tag 102 when the tag is registered or otherwise 
associated with an individual. While shown as a separate field 
for illustration purposes, one of ordinary skill in the art may 
readily appreciate that the tag-individual correlator may be 
part of any tag data or even omitted from the tag. 
I0086. The tag signal transmitted from RF location tag 102 
to receiver 106 may include “blink data” as it is transmitted at 
selected intervals. This “blink rate' may be set by the tag 
designer or the system designer to meet application require 
ments. In some embodiments it is consistent for one or all 
tags; in some embodiments it may be data dependent. Blink 
data includes characteristics of the tag signal that allow the 
tag signal to be recognized by the receiver 106 so the location 
of the RF location tag 102 may be determined by the locating 
system. Blink data may also comprise one or more tag data 
packets. Such tag data packets may include any data from the 
tag 102 that is intended for transmission Such as, for example 
in the depicted embodiment, a tag UID, tag data, and a tag 
individual correlator. In the case of TDOA systems, the blink 
data may be or include a specific pattern, code, or trigger that 
the receiver 106 (or downstream receiver processing and ana 
lytics system) detects to identify that the transmission is from 
a RF location tag 102 (e.g., a UWB tag). 
I0087. The depicted receiver 106 receives the tag signal, 
which includes blink data and tag data packets as discussed 
above. In one embodiment, the receiver 106 may pass the 
received tag signal directly to the receive hub/locate engine 
108 as part of its receiver signal. In another embodiment, the 
receiver 106 could perform some basic processing on the 
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received tag signal. For instance, the receiver could extract 
blink data from the tag signal and transmit the blink data to the 
receive hub/locate engine 108. The receiver could transmit a 
time measurement to the receive hub/locate engine 108 such 
as a TOA measurement and/or a TDOA measurement. The 
time measurement could be based on a clock time generated 
or calculated in the receiver, it could be based on a receiver 
offset value as explained at paragraph 0057 above, it could 
be based on a system time, and/or it could be based on the time 
difference of arrival between the tag signal of the RF location 
tag 102 and the tag signal of a RF reference tag (e.g., tag 104 
of FIG. 1). The receiver 106 could additionally or alterna 
tively determine a signal measurement from the tag signal 
(such as a received signal strength indication (RSSI), a direc 
tion of signal, signal polarity, or signal phase) and transmit the 
signal measurement to the receive hub/locate engine 108. 
I0088 FIG. 3B shows a RF location tag 202 and sensor 
203, Such as those worn on an individual’s person as shown in 
FIG. 2, which may be configured to transmit tag signals and 
sensor signals, respectively, to one or more receivers 106. 
166. The one or more receivers 106, 166 may then transmit 
receiver signals to the receiver hub/locate engine 108. One or 
more receivers 106, 166 may share physical components, 
Such as a housing orantenna. 
0089. The depicted RF location tag 202 may comprise a 
tag UID and tag data (such as a tag-individual correlator) and 
transmit a tag signal comprising blink data as discussed in 
connection with FIG.3A above. The depicted sensor 203 may 
generate and/or store a sensor UID, additional stored sensor 
data (e.g. a sensor-individual correlator, sensor type, sensor 
firmware version, last maintenance date, the units in which 
environmental measurements are transmitted, etc.), and envi 
ronmental measurements. The “additional stored sensor 
data of the sensor 203 may include any data that is intended 
for transmission, including but not limited to a RF location 
tag 202, a reference tag (e.g., 104 of FIG.1), a sensor receiver, 
a receiver 106, and/or the receiver/hub locate engine 108. 
0090 The sensor-individual correlator may comprise data 
that indicates that a monitored individual is associated with 
the sensor 203 (e.g., name, uniform number and team, bio 
metric data, sensor position on individual, i.e., right wrist). As 
will be apparent to one of skill in the art in view of this 
disclosure, the sensor-individual correlator may be stored to 
the sensor 203 when the sensor is registered or otherwise 
associated with an individual. While shown as a separate field 
for illustration purposes, one of ordinary skill in the art may 
readily appreciate that the sensor-individual correlator may 
be part of any additional stored sensor data or omitted from 
the sensor altogether. 
0.091 Sensors such as sensor 203 that are structured 
according to embodiments of the invention may sense or 
determine one or more environmental conditions (e.g. tem 
perature, pressure, pulse, heartbeat, rotation, Velocity, accel 
eration, radiation, position, chemical concentration, Voltage) 
and store or transmit'environmental measurements’ that are 
indicative of such conditions. To clarify, the term “environ 
mental measurements' includes measurements concerning 
the environment proximate the sensor including, without 
limitation, ambient information (e.g., temperature, position, 
humidity, etc.) and information concerning an individuals 
health, fitness, operation, and/or performance. Environmen 
tal measurements may be stored or transmitted in either ana 
log or digital form and may be transmitted as individual 
measurements, as a set of individual measurements, and/or as 
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Summary statistics. For example, temperature in degrees Cel 
sius may be transmitted as {31}, or as 33, 32, 27, 22, 20, 23, 
27, 30, 34, 31}, or as {27.9}. In some embodiments, the 
sensor-individual correlator could be determined at least in 
part from the environmental measurements. 
0092. In the depicted embodiment, RF location tag 202 
transmits a tag signal to receiver 106 and sensor 203 transmits 
a sensor signal to sensor receiver 166. The sensor signal may 
comprise one or more sensor information packets. Such sen 
sor information packets may include any data or information 
from the sensor 203 that is intended for transmission such as, 
for example in the depicted embodiment, sensor UID, addi 
tional stored sensor data, sensor-individual correlator, and 
environmental measurements. A receiversignal from receiver 
106 and a sensor receiversignal from sensor receiver 166 may 
be transmitted via wired or wireless communication to 
receiver hub/locate engine 108 as shown. 
0093 FIG. 3C depicts a sensor 203 communicating 
through a RF location tag 202 in accordance with various 
embodiments. In one embodiment, the sensor 203 may be 
part of (i.e., reside in the same housing or assembly structure) 
of the RF location tag 202. In another embodiment, the sensor 
203 may be distinct from (i.e., not resident in the same hous 
ing or assembly structure) the RF location tag 202 but con 
figured to communicate wirelessly or via wired communica 
tion with the RF location tag 202. 
0094. In one embodiment, the RF location tag 202, the 
sensor 203, or both, may generate and/or store a tag-sensor 
correlator that indicates an association between a RF location 
tag 202 and a sensor 203 (e.g., tag UID/sensor UID, distance 
from tag to sensor in a particular stance, set of sensors asso 
ciated with a set of tags, sensor types associated with a tag, 
etc.). In the depicted embodiment, both the RF location tag 
202 and the sensor 203 store the tag-sensor correlator. 
0095. In the depicted embodiment, sensor 203 transmits a 
sensor signal to RF location tag 202. The sensor signal may 
comprise one or more sensor information packets as dis 
cussed above. The sensor information packets may comprise 
the sensor UID, a sensor-individual correlator, additional 
stored sensor data, the tag-sensor correlator, and/or the envi 
ronmental measurements. The RF location tag 202 may store 
Some portion of, or all of the sensor information packets 
locally and may package the sensor information packets into 
one or more tag data packets for transmission to receiver 106 
as part of a tag signal or simply pass them along as part of its 
tag signal. 
0096 FIG. 3D illustrates an example communication 
structure for a reference tag 104 (e.g., reference tag 104 of 
FIG. 1), an RF location tag 202, a sensor 203, and two receiv 
ers 106 in accordance with one embodiment. The depicted 
reference tag 104 is a RF location tag and thus may include 
tag data, a tag UID, and is capable of transmitting tag data 
packets. In some embodiments, the reference tag 104 may 
form part of a sensor and may thus be capable of transmitting 
sensor information packets. 
0097. The depicted sensor 203 transmits a sensor signal to 
RF reference tag 104. The RF reference tag 104 may store 
Some portion or Some or all of the sensor information packets 
locally and may package the sensor information packets into 
one or more tag data packets for transmission to receiver 106 
as part of a tag signal, or simply pass them along as part of its 
tag signal. 
0098. As was described above in connection with FIG. 1, 
the receivers 106 of FIG. 3D are configured to receive tag 
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signals from the RF location tag 202 and the reference tag 
104. Each of these tag signals may include blink data, which 
may comprise tag UIDs, tag data packets, and/or sensor infor 
mation packets. The receivers 106 each transmit receiver 
signals via wired or wireless communication to the receiver 
hub/locate engine 108 as shown. 
0099 FIG. 3E illustrates an example communication 
structure between an RF location tag 202, a plurality of 
receivers 106, and a variety of sensor types including, without 
limitation, a sensor 203, a diagnostic device 233, a triangula 
tion positioner 243, a proximity positioner 253, and a prox 
imity label 263 in accordance with various embodiments. In 
the depicted embodiment, none of the sensors 203,233,243, 
253 form part of an RF location tag 202 or reference tag 104. 
However, each may comprise a sensor UID and additional 
stored sensor data. Each of the depicted sensors 203, 233, 
243, 253 transmits sensor signals comprising sensor informa 
tion packets. 
0100. In the depicted embodiment, receiver 106 is config 
ured to receive a tag signal from RF location tag 202 and a 
sensor signal directly from sensor 203. In such embodiments, 
sensor 203 may be configured to communicate in a commu 
nication protocol that is common to RF location tag 202 as 
will be apparent to one of ordinary skill in the art in view of 
this disclosure. 
0101 FIG.3E depicts one type of sensor referred to herein 
as a “proximity interrogator. The proximity interrogator 223 
can include circuitry operative to generate a magnetic, elec 
tromagnetic, or other field that is detectable by a RF location 
tag 202. While not shown in FIG.3E, a proximity interrogator 
223 may include a sensor UID and other tag and sensor 
derived data or information as discussed above. 
0102. In some embodiments, the proximity interrogator 
223 is operative as a proximity communication device that 
can trigger a RF location tag 202 (e.g., when the RF location 
tag 202 detects the field produced by the proximity interro 
gator 223) to transmit blink data under an alternate blink 
pattern or blink rate. The RF location tag can initiate a pre 
programmed (and typically faster) blink rate to allow more 
location points for tracking an individual. In some embodi 
ments, the RF location tag may not transmit a tag signal until 
triggered by the proximity interrogator 223. In some embodi 
ments the RF location tag 202 may be triggered when the RF 
location tag 202 moves near (e.g., within communication 
proximity to) a proximity interrogator 223. In some embodi 
ments, the RF location tag may be triggered when the proX 
imity interrogator 223 moves near to the RF location tag 202. 
0103) In other embodiments, the RF location tag 202 may 
be triggered when a button is pressed or a Switch is activated 
on the proximity interrogator 223 or on the RF location tag 
itself. For example, a proximity interrogator 223 could be 
placed at the start line of a racetrack. Every time a car passes 
the start line, a car-mounted RF location tag 202 senses the 
signal from the proximity interrogator and is triggered to 
transmit a tag signal indicating that a lap has been completed. 
As another example, a proximity interrogator 223 could be 
placed at a Gatorade cooler. Each time a player or other 
participant fills a cup from the cooler a participant-mounted 
RF location tag 202 senses the signal from the proximity 
interrogator and is triggered to transmit a tag signal indicating 
that Gatorade has been consumed. As another example, a 
proximity interrogator 223 could be placed on a medical cart. 
When paramedics use the medical cart to pickup aparticipant 
(e.g., a player) and move him/her to the locker room, a par 
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ticipant-mounted RF location tag 202 senses the signal from 
the proximity interrogator and is triggered to transmit a tag 
signal indicating that they have been removed from the game. 
As explained, any of these post-triggered tag signals may 
differ from pre-triggered tag signals in terms of any aspect of 
the analog and/or digital attributes of the transmitted tag 
signal. 
0104 FIG. 3E depicts another type of sensor that is gen 
erally not worn by an individual but is referred to herein as a 
"diagnostic device'. However, like other sensors, diagnostic 
devices may measure one or more environmental conditions 
and store corresponding environmental measurements in ana 
log or digital form. 
0105. While the depicted diagnostic device 233 is not 
worn by an individual, it may generate and store a sensor 
individual correlator for association with environmental mea 
Surements taken in connection with a specific individual. For 
example, in one embodiment, the diagnostic device 233 may 
be a blood pressure meter that is configured to store as envi 
ronmental measurements blood pressure data for various 
individuals. Each set of environmental measurements (e.g., 
blood pressure data) may be stored and associated with a 
sensor-individual correlator. 
0106 The depicted diagnostic device 233 is configured to 
transmit a sensor signal comprising sensor information pack 
ets to a sensor receiver 166. The sensor information packets 
may comprise one or more of the sensor UID, the additional 
stored data, the environmental measurements, and/or the sen 
sor-individual correlator as discussed above. The sensor 
receiver 166 may associate some or all of the data from the 
sensor information packets with other stored data in the sen 
sor receiver 166 or with data stored or received from other 
sensors, diagnostic devices, RF location tags 102, or refer 
ence tags. The sensor receiver 166 transmits a sensor receiver 
signal to a receiver hub/locate engine 108. 
0107 Another type of sensor shown in FIG.3E is a trian 
gulation positioner 243. A “triangulation positioner” is a type 
of sensor that senses position. The depicted triangulation 
positioner 243 includes a sensor UID, additional stored sen 
Sor data, and environmental measurements as discussed 
above. 
0108. In some embodiments, a triangulation positioner 
(also known as a global positioning system (GPS) receiver) 
receives clock data transmitted by one or more geostationary 
satellites (a satellite in a known or knowable position) and/or 
one or more ground based transmitters (also in known or 
knowable positions), compares the received clock data, and 
computes a "position calculation'. The position calculation 
may be included in one or more sensor information packets as 
environmental measurements. 
0109. In another embodiment, a triangulation positioner 
comprises one or more cameras or image-analyzers that 
receive emitted or reflected light or heat, and then analyzes 
the received images to determine the location of an individual 
or sensor. Although a triangulation positioner may transmit 
data wirelessly, it is not a RF location tag because it does not 
transmit blink data or a tag signal that can be used by a 
receiver hub/locate engine 108 to calculate location. In con 
trast, a triangulation positioner senses position and computes 
a position calculation that may then be used as environmental 
measurements by the receiver hub/locate engine 108. 
0110. In one embodiment, a triangulation positioner could 
be combined with a RF location tag or reference tag (not 
shown). In such embodiments, the triangulation positioner 
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could compute and transmit its position calculation via the RF 
location tag to one or more receivers. However, the receiver 
hub/locate engine would calculate tag location based on the 
blink data received as part of the tag signal and not based 
solely on the position calculation. The position calculation 
would be considered as environmental measurements and 
may be included in associated sensor information packets. 
0111. As will be apparent to one of ordinary skill in the art, 
position calculations (e.g., GPS receiver position calcula 
tions) are not as accurate as the location calculations (e.g., 
UWB waveform based location calculations) performed by 
receiver hub/locate engines structured in accordance with 
various embodiments of the invention. That is not to say that 
position calculations may not be improved using known tech 
niques. For example, a number of influences, including atmo 
spheric conditions, can cause GPS accuracy to vary overtime. 
One way to control this is to use a differential global posi 
tioning system (DGPS) comprising one or a network of sta 
tionary triangulation positioners that are placed in a known 
position, and the coordinates of the known position are stored 
in memory as additional stored sensor data. These triangula 
tion positioners receive clock data from geostationary satel 
lites, determine a position calculation, and broadcast a differ 
ence between the position calculation and the stored 
coordinates. This DGPS correction signal can be used to 
correct for these influences and significantly reduce location 
estimate error. 

0112 Another type of sensor shown in FIG.3E is a prox 
imity detector 253. A "proximity detector is a type of sensor 
that senses identity within an area (e.g., a local area) that is 
small with respect to the monitored area 100 of FIG.1. Many 
different ways of sensing identity (e.g., a unique ID or other 
identifier for a sensed object or individual) would be apparent 
to one of ordinary skill in the art in view of this disclosure 
including, without limitation, reading a linear bar code, read 
ing a two-dimensional bar code, reading a near field commu 
nication (NFC) tag, reading a RFID tag such as a UHF tag, HF 
tag, or low frequency tag, an optical character recognition 
device, a biometric scanner, or a facial recognition system. 
0113. In some embodiments, a proximity detector senses 
an attribute of an individual (or an individuals wristband, tag, 
label, card, badge, clothing, uniform, costume, phone, ticket, 
etc.). The identity sensed by a proximity detector may be 
stored locally at the proximity detector 253 as shown and 
transmitted as environmental measurements via one or more 
sensor information packets to a sensor receiver 166. 
0114. In some embodiments, a proximity detector 253 
may have a defined position, which is often stationary, and 
may be associated with a location in the monitored area 100 of 
FIG. 1. For example, a proximity detector 253 could be 
located at a finish line of a race track, an entrance gate of a 
stadium, with a diagnostic device, at a goal line or goal post of 
a football field, at a base or home plate of a baseball diamond, 
or a similar fixed location. In such embodiments where the 
proximity detector is stationary, the position coordinates of 
the proximity detector and a sensor UID could be stored to a 
monitored area database (not shown) that is accessible by one 
or more of the receivers 106, 166, the receiver hub/locate 
engine 108, and/or other components of the receiver process 
ing and analytics system 110. In embodiments where the 
proximity detectoris movable, a position calculation could be 
determined with a triangulation positioner, or the proximity 
detector could be combined with a RF location tag and 
located by the receiver hub/locate engine 108. While shown 
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as separate fields for illustration purposes in FIG.3E, identify 
information and position calculation could comprise part of 
the additional stored sensor data, the environmental measure 
ments, or both. 
0.115. In one embodiment, the proximity detector could be 
associated with a reference tag (e.g., tag 104 of FIG. 1) whose 
position is recorded in the monitored area database. In other 
embodiments, the proximity detector is movable, such that it 
may be transported to where it is needed. For example, a 
proximity detector 253 could be located on a medical cart, 
first down marker, a diagnostic device, goal post, or carried by 
a paramedic or security guard. In an embodiment where the 
proximity detector 253 is movable it would typically be asso 
ciated with a RF location tag or triangulation positioner So 
that location (for a RF location tag) or position (for a trian 
gulation positioner) can be determined at the time identity is 
sensed. 
0116. In the embodiment where the proximity detector 
includes a RF location tag, the receiver hub/locate engine 108 
would locate the associated RF location tag, and the tag 
data/sensor data filter 112 would associate the tag location 
data for the associated RF location tag as the position of the 
proximity detector, while determining the identity of an asso 
ciated individual from any received sensor information pack 
ets. In the alternate embodiment where the proximity detector 
includes a triangulation positioner, the triangulation posi 
tioner would compute a position calculation that could be 
stored as additional stored sensor data and/or environmental 
measurements, and transmitted as one or more sensor infor 
mation packets. In one embodiment, sensor information 
packets for a proximity detector may include both sensed 
identity information and a position calculation. 
0117. Another type of sensor shown in FIG.3E is a prox 
imity label 263. A proximity label has a fixed position and an 
identification code (e.g., a sensor UID). The proximity label 
263 may further comprise additional stored sensor data as 
shown. The depicted proximity label 263 is configured to be 
read by proximity detector 253. In some embodiments, prox 
imity detector 253 may be further configured to write infor 
mation to proximity label 263. 
0118. A proximity label 263 may be a sticker, card, tag, 
passive RFID tag, active RFID tag, NFC tag, ticket, metal 
plate, electronic display, electronic paper, inked surface, Sun 
dial, or otherwise visible or machine readable identification 
device as is known in the art. The coordinates of the position 
of the proximity label 263 are stored such that they are acces 
sible to the receive hub/locate engine 108. For example, in 
one embodiment, the position coordinates of a proximity 
label 263 could be stored in a field database or monitored area 
database accessible via a network, or stored locally as addi 
tional stored data in the proximity detector 253. 
0119. In some embodiments, a position of the proximity 
label 263 is encoded into the proximity label 263 itself. For 
example, coordinates of a position of the proximity label 263 
could be encoded into a passive RFID tag that is placed in that 
position. As another example, the coordinates of a position of 
the proximity label 263 could be encoded into a printed bar 
code that is placed in that position. As another example, a 
proximity label 263 comprising a NFC tag could be encoded 
with the location “end Zone', and the NFC tag could be placed 
at or near an end Zone at Bank of America Stadium. In some 
embodiments, the stored coordinates of the proximity label 
263 may be offset from the actual coordinates of the proxim 
ity label 263 by a known or determinable amount. 
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0120 In one embodiment, a proximity label263 such as an 
NFC tag may be encoded with a position. When a sensor such 
as a proximity detector approaches the NFC tag it may read 
the position, then transmit the positionina sensor information 
packet to the sensor receiver 166" and eventually to the 
receiver hub/locate engine 108. In another embodiment, a 
proximity label 263 such as a barcode label may be encoded 
with an identification code. When a smartphone with a prox 
imity detector (such as a barcode imager) and a triangulation 
positioner (such as a GPS chip, GPS application, or similar 
device) approaches the barcode label it may read the identi 
fication code from the barcode, determine a position calcula 
tion from received clock data, then transmit the identity and 
the position calculation to sensor receiver 166" and eventually 
to the receiver hub/locate engine 106 as part of one or more 
sensor information packets. 
0121. In the depicted embodiment, triangulation posi 
tioner 243 and proximity detector 253 are each configured to 
transmit sensor signals carrying sensor information packets 
to sensor receiver 166". The depicted sensors 243, 253, like 
any sensor discussed herein, may transmit sensor signals via 
wired or wireless communication protocols. For example, 
any proprietary or standard wireless protocol (e.g., 802.11, 
Zigbee, ISO/IEC 802.15.4, ISO/IEC 18000, IrDA, Bluetooth, 
CDMA, or any other protocol) could be used for the sensor 
signals. Alternatively or additionally, any standard or propri 
etary wired communication protocol (e.g., Ethernet, Parallel, 
Serial, RS-232, RS-422, USB, Firewire, IC, etc.) may be 
used. Similarly, sensor receiver 166', and any receiver dis 
cussed herein, may use similar wired and wireless protocols 
to transmit receiver signals to the receiver hub/locate engine. 
0122. In one embodiment, upon receiving sensor signals 
from the triangulation positioner 243 and the proximity 
detector 253, the sensor receiver 166" may associate some or 
all of the data from the received sensor information packets 
with other data stored to the sensor receiver 166', or with data 
stored or received from other sensors (e.g., sensor 203), diag 
nostic devices 233, RF location tags 102, or RF reference tags 
104. Such associated data is referred to herein as “associated 
sensor data'. In the depicted embodiment, the sensor receiver 
166" is configured to transmit some or all of the received 
sensor information packets and any associated sensor data to 
the receiver hub/locate engine 108 at part of a sensor receiver 
signal. 
0123. In one embodiment, a Smartphone comprising a 
proximity detector (Such as a barcode imager) and a triangu 
lation positioner (Such as a GPS chip) may associate an iden 
tification code determined from a barcode with a position 
calculation from received clock data as associated sensor data 
and transmit a sensor information packet that includes Such 
associated sensor data to the receiver hub/locate engine 108. 
In another embodiment, the Smartphone could transmit a first 
sensor information packet including the identification code 
and the Smartphone's unique identifier to another sensor 
receiver, the Smartphone could transmit a second sensor 
information packet including the position calculation and the 
Smartphone's unique identifier to the sensor receiver, and the 
sensor receiver could associate the position calculation with 
the identification code based on the common Smartphone 
unique identifier and transmit such associated sensor data to 
the receiver hub/locate engine 108. In another embodiment, 
the sensor receiver could determine a first time measurement 
associated with the first sensor information packet and a 
second time measurement associated with the second sensor 
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information packet that, in conjunction with the sensor UID, 
could be used, by the receiver hub/locate engine 108, to 
associate the first sensor information packet with the second 
sensor information packet. 
0.124. In one embodiment, the receiver hub/locate engine 
108 receives receiversignals from the receiver 106 and sensor 
receiver signals from the sensor receivers 166, 166'. In the 
depicted embodiment, receiver 106 may receive blink data 
from the RF location tag 102 and transmits to the receiver 
hub/locate engine 108 some or all of the blink data, perhaps 
with additional time measurements or signal measurements. 
In some embodiments, time measurements or signal mea 
Surements may be based on a tag signal received from a RF 
reference tag (e.g., reference tag 104 of FIG. 1). The receiver 
hub/locate engine 108 collects the blink data, time measure 
ments (e.g. time of arrival, time difference of arrival, phase), 
and/or signal measurements (e.g. signal strength, signal 
direction, signal polarization, signal phase) from the receivers 
106 and computes tag location data for the tags 102 as dis 
cussed above in connection with FIG. 1. In some embodi 
ments, the receivers 106 may be configured with appropriate 
RF filters, such as to filter out potentially interfering signals or 
reflections proximate the field of play or other area to be 
monitored. 
0.125. The receiver hub/locate engine 108 may also access 
stored data or clock data from local storage and from a net 
work location. The receiver hub/locate engine 108 uses this 
information to determine tag location data for each RF loca 
tion tag. It may also associate data derived or extracted from 
tag signals transmitted from one or more RF location tags 
with information or data derived or extracted from sensor 
signals transmitted from one or more sensors. 
I0126. In addition to the TOA or TDOA systems previously 
described, other real-time location systems (RTLS) such as 
received signal strength indication based systems could 
potentially be implemented by a receiver hub/locate engine 
108. Any RTLS system using RF location tags, including 
those described herein, could require considerable processing 
by the receiver hub/locate engine 108 to determine the tag 
location data from the blink data received from the tags. 
These may require time measurement and/or signal measure 
ment in addition to blink data, which preferably includes a tag 
UID. In contrast, in other systems, such as global position 
systems (GPS) systems, location data is determined based 
upon the position calculation transmitted from a GPS trans 
mitter (also referred to as a GPS receiver or GPS tag) which 
includes calculated information about the location where the 
tag was positioned (i.e., coordinates determined at the tag via 
satellite signal triangulation, etc.) when the position calcula 
tion was determined or stored. Thus, GPS information typi 
cally refers to additional information that is transmitted along 
with a GPS transmitter ID before the transmission is received 
by a sensor receiver. 
I0127. A GPS host device or back-end server may receive 
the GPS information and simply parse the position calcula 
tion (as opposed to calculating the position information at the 
host device) and the GPS transmitter ID into a data record. 
This data record may be used as a GPS position calculation, or 
it could be converted to a different coordinate system to be 
used as a GPS position calculation, or it could be processed 
further with DGPS information to be used as a GPS position 
calculation. 
I0128. Returning to FIG. 3C, the depicted RF location tag 
202 is used to convey (sometimes called backhaul) sensor 
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information packets to a receiver 106. In some embodiments, 
while not shown, multiple sensors 203 may transmit sensor 
signals carrying sensor information packets to RF location 
tag 202. Such received sensor information packets may be 
associated with blink data that is transmitted to receiver 106. 

0129. In one embodiment, the receiver hub/locate engine 
108 may parse sensor information packets from received tag 
data packets and associate such sensor information packets 
with the RF location tag 202 that transmitted the sensor infor 
mation packet. Thus, the receiver hub/locate engine 108 may 
be able to determine tag location data, which may comprise a 
location and other data (e.g., tag data, tag UID, tag-individual 
correlator, sensor-individual correlator, additional stored sen 
Sor data, environmental measurements, tag-sensor correlator, 
identity information, position calculation, etc.) from one or 
more tags or sensors. Such data and information may be 
transmitted to the receiver processing and analytics system 
110. 

0130. In some embodiments, once the receiver hub/locate 
engine 108 determines a location estimate of a RF location tag 
102 at the time epoch of the tag signal, the receiver hub/locate 
engine 108 can also associate a location estimate with the tag 
data packet included in the blink data of Such tag signal. In 
Some embodiments, the location estimate of the tag signal 
may be used as tag location data for the tag data packet. In 
Some embodiments a Geographical Information System 
(GIS) may be used by the receive hub/locate engine 108 to 
refine a location estimate, or to map a location estimate in one 
coordinate system to a location estimate in a different coor 
dinate system, to provide a location estimate for the tag data 
packet. 
0131. In one embodiment, the location estimated for the 
tag data packet may be associated with any data in the tag data 
packet, including a tag UID, other tag data, and, if included, 
one or more sensor information packets, including sensor 
UID, additional stored sensor data, and environmental mea 
Surements. Since environmental measurements may include a 
position calculation from a triangulation positioner (e.g., a 
GPS device), the receiver hub/locate engine 108 could parse 
the position calculation and use it to refine a location estimate 
for the tag data packet. 
0132 Preferably, the receiver hub/locate engine 108 may 
access an individual database to determine tag-individual 
correlators or sensor-individual correlators. Individual data 
(e.g., an individual profile) may be stored in a server, in tag 
memory, in sensor memory, or in other storage accessible via 
a network or communication system, including tag data or 
additional stored sensor data as explained previously. 
0133. In some embodiments, by comparing data accessed 
using a sensor-individual correlator, the receiver hub/locate 
engine 108 may associate an individual with a sensor infor 
mation packet received from a sensor, and/or may associate 
an individual with such sensor. Because the receiver hub? 
locate engine 108 may associate a sensor position estimate 
with a sensor information packet, the receiver hub/locate 
engine 108 may also estimate an individual position for the 
associated individual. 
0134. In another embodiment, by comparing data 
accessed using a tag-sensor correlator, the receiver hub/locate 
engine 108 may associate a sensor with a tag data packet 
received from a RF location tag 102. Because the receiver 
hub/locate engine 108 may associate a location estimate with 
a tag data packet, the receiver hub/locate engine 108 may also 
create a sensor location estimate for the associated sensor. By 
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comparing a location estimate for a RF location tag with a 
sensor location estimate or a sensor position estimate, the 
receiver hub/locate engine 108 may associate a RF location 
tag with a sensor, or may associate a tag data packet with a 
sensor information packet. The receiver hub/locate engine 
108 could also determine a new or refined tag-sensor correla 
tor based on this association. 
I0135) In still another embodiment, by comparing a loca 
tion estimate for a RF location tag with an individual location 
estimate or an individual position estimate, the receiver hub/ 
locate engine 108 may associate a RF location tag with an 
individual, or may associate a tag data packet with an indi 
vidual. The receiver hub/locate engine 108 could also deter 
mine a new or refined tag-individual correlator based on this 
association. 
0.136. In one embodiment, by comparing a location esti 
mate for a sensor with an individual location estimate or an 
individual position estimate, the receiver hub/locate engine 
108 may associate a sensor with an individual, or may asso 
ciate a sensor information packet with an individual. The 
receiver hub/locate engine 108 could also determine a new or 
refined sensor-individual correlator based on this association. 
0.137 Data derived or extracted from tag signals transmit 
ted from one or more RF location tags is referred to herein as 
“tag derived data” and shall include, without limitation, tag 
data, tag UID, tag-individual correlator, tag-sensor correlator, 
tag data packets, blink data, time measurements (e.g. time of 
arrival, time difference of arrival, phase), signal measure 
ments (e.g., signal strength, signal direction, signal polariza 
tion, signal phase) and tag location data (e.g., including tag 
location estimates). Tag derived data is not derived by the RF 
location tag, but rather, is derived from information transmit 
ted by the RF location tag. Information or data derived or 
extracted from sensor signals transmitted from one or more 
sensors is referred to hereinas “sensorderived data” and shall 
include, without limitation, sensor UID, additional stored 
sensor data, sensor-individual correlator, environmental mea 
Surements, sensor information packets, position calculations 
(including sensor position estimates), position information, 
identity information, tag-sensor correlator, and associated 
sensor data. Data derived or extracted from stored individual 
data is referred to herein as “individual profile information'. 
“participant profile information’, or simply “profile informa 
tion' and shall include, without limitation tag-individual cor 
relator, sensor-individual correlator, identity information, 
name, uniform number and team, biometric data, tag position 
on individual. In various embodiments, the receiver hubflo 
cate engine 108 may transmit tag derived data, sensorderived 
data, individual profile information, various combinations 
thereof, and/or any information from the GIS, the field data 
base, the monitored area database, and the individual data 
base to the receiver processing and analytics system 110. 

Example Receiver Hub and Receiver Processing and 
Distribution System 

0.138 FIG. 4 illustrates an exemplary system 300 for pro 
viding performance analytics in accordance with some 
embodiments of the present invention. The depicted perfor 
mance analytics system 300 may be distributed in a receiver 
hub 108 and a receiver processing and distribution system 
110 of the type depicted in FIG.1. For example, locate engine 
302 may be part of the receiver hub 108 with the tag ID/Filter 
304 through event engine 322 forming part of the receiver 
processing and distribution system 110. In alternative 
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embodiments, the performance analytics system 300 may be 
housed or located in a single housing or unit. In still other 
embodiments, the performance analytics system 300 may be 
distributed among multiple additional housings or units 
depending upon the application and other design parameters 
that will be apparent to one of ordinary skill in the art in view 
of this disclosure. 
0.139. The performance analytics system 300 of FIG. 4 
may include a plurality of tags 102, and optional sensors 203, 
associated with participants (e.g., players, officials, balls, 
field markers, etc.), a plurality of receivers 106 positioned 
within a monitored environment, a receiver hub/locate engine 
302, one or more filters 304, a plurality of databases, a plu 
rality of processing engines, and a plurality of output systems. 
While only one type of receiver 106, other types of receivers, 
e.g., sensor receivers 166, 166' of FIG. 3E, may be used in 
accordance with the embodiments illustrated by FIG. 4. The 
one or more databases may include databases for tag identi 
fiers 354, player roles 308, player dynamics or kinetics mod 
els 310, GIS data or a GIS database 313, field data or a field 
knowledge database 314, formation models 316, play models 
320, official roles 326, official models 328, ball models 332, 
weather data 375, and the like. The plurality of processing 
engines may include a player dynamics engine 306, a team 
formation engine 312, a play engine 318, an event engine 322. 
an official dynamics engine 324, a field marker engine 334, a 
ball engine 330, and a model generation engine 338, or the 
like. The system 300 may further include a game clock 380 
and a universal clock 385. 
0140. In an exemplary performance analytics system 300, 
such as illustrated in FIG. 4, the plurality of tags 102 (and 
sensors 203) may be attached to a participant as discussed in 
connection with FIGS. 2A-C. In some embodiments, the 
plurality of tags 102 and/or sensors 203 may be activated and 
deactivated as needed, such as before and after a game or 
when damaged or to replace batteries, power Suppliers, local 
memory, etc. Each of the tags 102 may transmit a tag signal, 
which may include tag derived data, which is received by one 
or more of the receivers 106. In some embodiments, the 
receivers 106 may be configured with appropriate RF filters, 
Such as to filter out potentially interfering signals or reflec 
tions proximate the field of play or other environment to be 
monitored. 

01.41 Each of the receivers 106 may receive tag derived 
data from the tags 102 and transmit the tag derived data to the 
receiver hub/locate engine 302. The receiver hub/locate 
engine 302 collects the tag derived data from the receivers 
106 and computes tag location data (based on the blink data) 
for the tags 102 as discussed above in connection with FIG.1. 
0142. In the depicted embodiment, each of the receivers 
106 receives sensor derived data from sensor signals trans 
mitted by sensors 203. In other embodiments, sensor receiv 
ers (e.g., sensor receivers 166, 166' of FIG.3E) may transmit 
sensor signals comprising sensor derived data to the receiver 
hub/locate engine 302. 
0143. The tag location data, tag derived data, and sensor 
derived data may be provided from the receiver hub/locate 
engine 302 to a tag ID/filter 304 that determines the type of 
participant associated with each received unique tag ID (and/ 
or sensor ID) and routes the associated tag derived data (and 
optionally, other received tag/sensor derived data) to one or 
more engines associated with Such participant type (e.g., 
player, ball, official, field marker, etc.). In one embodiment, 
the tag ID/filter 304 performs this routing, at least in part, by 
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correlating the received unique tag ID (and/or sensor ID) to 
profile data or prior correlations (i.e., tag ID No. 0047 is 
correlated to participant John Smith-quarterback, sensor ID 
No. 12459 is correlated to Marcus Henderson—official, etc.) 
that may be stored to a tag/sensor identification database 354 
(i.e., tag-individual correlators, sensor-individual correlators, 
tag-sensor correlators, etc.). In some embodiments, the 
receivers 106 may also receive sensor derived data for other 
sensors 203. Such as through the tags 102 or through separate 
transmission means. 

0144. In one embodiment, perhaps in connection with the 
player illustration of FIG. 2A, the tag ID/filter 304 identifies 
tag location data associated with a player and thus routes Such 
data to a player dynamics engine 306 for further processing. 
The player dynamics engine 306 is disposed in communica 
tion with a player role database 308, which comprises player 
role data correlating tag and sensor UIDS to player profiles 
(e.g., individual profile information) including, without limi 
tation, which roles (e.g., quarterback, running back, flanker, 
slot receiver, tight end, left tackle, left guard, center, right 
guard, right tackle, defensive end, defensive tackle, nose 
tackle, inside linebacker, outside linebacker, free safety, 
strong safety, cornerback kicker, punter, etc.) the players per 
form during a game. 
0145 The player dynamics engine 306 may also be dis 
posed in communication with a dynamics/kinetics model 
database 310. The player dynamics engine 306 may compare 
the tag location data, other tag and sensor derived data, and 
player role data to player dynamics/kinetics models to deter 
mine aspects of the player dynamics or movement kinetics. 
The dynamics/kinetics model database 310 may comprise 
models of different aspects or dimensions that may be based 
on past player location data or other data generated by the 
model generation engine 338 as discussed below. The models 
may include, without limitation, models for a particular 
player profile (e.g., John Smith), a player type (e.g., quarter 
back), a player type for a particular team (e.g., a quarterback 
from the Chicago Wizards), a player type for a particular 
formation (e.g., a quarterback in a spread offense), and the 
like. Such models may considerall three dimensions (x, y, z) 
of the tag location data for each tag (e.g., 102 of FIG. 2A) and 
may further consider different tag position arrays (e.g., two 
tag implementations—one proximate each shoulder as in 
FIG. 2A, eleven tag implementations—one proximate each 
shoulder, one proximate each elbow, one proximate each 
hand, one proximate each knee, one proximate each foot, and 
one proximate the head). 
0146 In one embodiment, the player dynamics engine 306 
determines a multi-dimensional player location per unit time 
(e.g., participant location data) for each player based on the 
tag location data, other tag and sensorderived data, the player 
role data, and the player dynamics/kinetics models. Such 
multi-dimensional player location may include relative loca 
tion of the player relative to the field of play, and/or general 
orientation of the player (e.g., standing, squatting, laying the 
ground, sitting, etc.) Such as by correlating location data and 
other tag and sensor derived data. 
0147 The player dynamics engine 306 uses the real time 
tag location data stream from the locate engine 302, as well as 
the player role database 308 to provide accurate information 
about what a particular player is doing in real time (or near 
real time). The player dynamics engine 306 may further use 
other tag and sensor derived data, received from the locate 
engine 302 in the depicted embodiment, to aid in determining 
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not only where the player is, but also how that player's loca 
tion is changing with time, Velocity, acceleration, decelera 
tion, orientation, or the like. The player dynamics engine 306 
outputs multi-dimensional player location information per 
unit time (e.g., participant location data). 
0148. In one embodiment, sensor derived data may com 
prise accelerometer data that may indicate that a player (or 
portion of a player) is accelerating or decelerating. In addition 
to the variety of other uses that will be apparent to one of 
ordinary skill in the art in view of this disclosure, the accel 
erometer data may be used to improve location accuracy for 
the system. For example, in circumstances where the real time 
tag location data stream erroneously suggests (perhaps due to 
interference, multipath effects, signal reflections, signal 
losses due to line-of-sight blockages, etc.) that one of the 
possible locations for the player is 10 feet away from a prior 
location, the accelerometer data could be used to confirm that 
the player (or accelerometer affixed portion of the player) did 
not experience an acceleration Sufficient to move that distance 
in the amount of time provided. 
0149. In some embodiments, sensor derived data may 
comprise time-of-flight sensor data, which may indicate dis 
tances between participants (e.g., distance of a player to other 
players, officials, the ball, etc.) or other objects. In applica 
tions involving complex tagged object movements such as, 
the example football application discussed herein, time-of 
flight sensor data may be used to enhance the location accu 
racy of the system especially in circumstances where one or 
more tags or sensors are temporally unable to effectively 
transmit their data to one or more receivers. For example, in 
one embodiment, a tag positioned within the ball may appear 
to the system as not moving because the running back carry 
ing the ball has run into a group of other players and the bodies 
of Such other players are actually blocking the line-of-sight 
transmissions of the ball tag. In this embodiment, time-of 
flight sensors positioned on the group of other players may be 
repeatedly determining and transmitting to one or more 
receivers the relative distance between such time-of-flight 
sensors and the ball or ball carrier. In this regard, the system 
may determine that the ball is no longer at the ten yard line 
(i.e., the point where the system last received a transmission 
directly from the ball tag) but rather has advanced toward the 
opponents end Zone to the six yard line. This and other 
similar techniques may be used alone or in combination with 
other tag and sensor derived data (e.g., accelerometer data, 
etc.) to create a type of mesh network that may adapt to 
temporary or Sustained line-of-sight blockages and improve 
the accuracy of location determinations, formation determi 
nations, play determinations, etc. 
0150. In some embodiments, the player dynamics engine 
306 outputs multi-dimensional player location information 
per unit time to an event engine 322. In some embodiments, 
the multi-dimensional player location information may 
include a ranked or weighted list of probable player locations 
while, in other embodiments, the multi-dimensional player 
location information includes only a top, or most probable, 
player location. This information may be used by the event 
engine 322 to determine a number of important player events. 
For example, the multi-dimensional player location informa 
tion may be used to indicate that a player was tackled (i.e., 
experienced a rapid deceleration and transited from a stand 
ing to a laying position) and is Subsequently limping (e.g., tag 
and/or sensor data from tags/sensors proximate the players 
feet indicate a change in the gait of the player). In Such 
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example, the event engine 322 may be configured to transmit 
analert (e.g., via text message, email, or the like) to an athletic 
trainer to have the player checked-out or treated. 
0151. The player dynamics engine 306 may further output 
the multi-dimensional player location information per unit 
time (e.g., participant location data) to a team formation 
engine 312. The team formation engine 312 is disposed in 
communication with a formation models database 316 that 
contains models of various formations (e.g., offensive forma 
tions, defensive formations, special teams formations, etc.) 
defined for the relevant sport or activity (e.g., football in the 
depicted embodiment). The models of various formations 
may be derived from multi-dimensional player location infor 
mation collected during prior games, practices, etc., (e.g., 
learned by the system) or as input by one or more teams. Such 
as by using model generation engine 338, historical data store 
336, and/or team analytics engine 346. 
0152 The team formation engine 312 is further disposed 
in communication with a field data database 314 to assist in 
determining the likely team formations. The field data data 
base 314 may comprise, without limitation, survey data for 
the field (e.g., various distances or coordinates from reference 
tag(s) or other marker to yard lines, end Zones, goal posts, 
boundaries, benches, locker rooms, spectator areas, other 
Zones of interest, etc.). 
0153. In one embodiment, the team formation engine 312 
determines one or more formations (e.g., a probable forma 
tion or a ranked or weighted list of probable formations) 
based at least in part on the field data, the multi-dimensional 
player location information (which may include the tag 
derived data and/or sensor derived data), and the formation 
models. The team formation engine 312 may hypothesize the 
received multi-dimensional player location data against mod 
els of every known formation to determine a probable forma 
tion or a ranked or weighted list of probable formations. The 
team formation engine 312 is thus configured to determine 
and output a data stream of formations versus time, which 
considers how various formations change and may be used by 
downstream engines to determine various events including 
the occurrence of a play. 
0154) In one embodiment, the team formation engine 312 
may assign weights to the received multi-dimensional player 
location data (i.e., participant location data), other types of 
tag derived data and/or sensor derived data, and/or to the 
formation models when determining a specific formation or 
ranked list of probable formations. For example, in one 
embodiment, the team formation engine 312 may be config 
ured to assign a greater weight to the position of the ball 
(which should remain stationary for a period of time as for 
mations are being established, i.e., at the beginning of a play) 
than to the position of an official (which may move to some 
degree as formations are forming). In another embodiment, 
the team formation engine 312 may be configured to assign a 
greater weight to the location of the tight-end (which may 
indicate the strong side of a formation) than to the location of 
a left guard (whose location seldom effects formation deter 
mination). In still another embodiment, the team formation 
engine 312 may be configured to assign a greater weight to 
sensor derived data associated with an accelerometer posi 
tioned proximate an officials wrist (which may indicate 
winding of the play clock that often triggers the period during 
which formations ought to be forming) than to the location of 
any player. 
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0155. In one embodiment, the team formation engine 312 
outputs the data stream of formations versus time (e.g., for 
mation data) to the play engine 318. The play engine 318 may 
also receive the output data stream (e.g., multi-dimensional 
player location information versus time) from the player 
dynamics engine 306. The play engine 318 is disposed in 
communication with a play models database 320. The play 
models database 320 may include play models (e.g., known 
formation shifts or movements over time). Such play models 
may be programmatically learned by the system (e.g., based 
on actual movements of players tracked by the system) or 
manually entered through an interface or other tool (e.g., 
perhaps through the model generation engine 338). In this 
regard, the play models database 320 may include historical 
plays executed by teams, potential/future plays from a team 
game plan or playbook, or other historical data (e.g., from 
historical data store 336). 
0156. In one embodiment, the play engine 318 may take 
the formations versus time data stream from the formation 
engine 312, the play models, and the player dynamics data 
stream (which may include tag location data and/or other tag 
and sensorderived data) to determine whether a play is form 
ing, a play has started, a play is in progress, or a play has 
ended. For example, the play engine 318 may determine that 
it is most likely that a pre-snap formation at the line of scrim 
mage has occurred (e.g., an offensive team has aligned in a 
"pro set formation and a defensive team has aligned in a 
“3-4” formation) indicating a play is about to begin. The play 
engine 318 may thereafter determine that the offensive and 
defensive players have begun rapidly accelerating towards 
and across a line of scrimmage thereby indicating that a play 
has begun. The play engine may further determine that an 
offensive player has been tackled by a defensive player 
thereby indicating that a play has concluded. 
0157. In some embodiments, the play engine 318 may use 
assigned weights (or assign weights) to the received data 
(e.g., the tag derived data, the sensor derived data, the multi 
dimensional player location data, the formations data, offi 
cials data, etc.) for use in analyzing the data and determining 
the most probable play events. For example, the play engine 
318 may determine that data for particular participants (e.g., 
a left guard) has a lower relevance for a particular formation 
(e.g., a pro set offensive formation) and assign a lower weight 
to that data during the analysis than to another participant 
(e.g., the ball, the quarterback, a wide receiver, etc.). 
0158. In some embodiments, the play engine 318 is dis 
posed in communication with an official dynamics engine 
324 to further improve the play determination accuracy of the 
system. The official dynamics engine 324 may provide data 
about the movements, actions, positions of an official, which 
the play engine 318 may use when determining a probable 
play and/or the status of a play. For example, as discussed in 
connection with FIG. 2B above, an official may be provided 
with wrist based accelerometers or other sensors (e.g., a 
whistle sensor), which may be used to flag the beginning or 
ending of a given play based on the movement or action of an 
official (e.g., rotating an arm to wind the play clock, indicate 
touchdown with two arms raised, blow a whistle, etc.). 
0159. The play engine 318 may analyze how the team 
formations occur and how they break up to determine both 
start and stop of a play (e.g., start of play event, end of play 
event, etc.). For example, the play engine 318 may determine 
that offensive and defensive formations coalesced proximate 
a line of scrimmage and then broke up with various receivers 
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heading towards the defensive team's end Zone, there was all 
kinds of activity around a quarterback which eventually dis 
sipated, and that defense players were tracking one of the 
receivers downfield until the receiver crossed into the end 
Zone and an official raised his arms. The play engine 318 may 
determine that this participant activity best fits a play model 
whereby a ball was thrown and caught by a receiver who then 
scored a touchdown thereby ending the play. 
0160. In some embodiments, the play engine 318 may 
hypothesize the received multi-dimensional player location 
data (e.g., participant location data) and the data stream of 
formations versus time against models of every known play to 
determine a probable play or a ranked list of probable plays. 
The play engine 318 is thus configured to determine and 
output a data stream of plays versus time, which may be 
communicated to the event engine 322. 
0.161. In some embodiments, the tag ID/filter 304 may 
determine that received tag derived data and/or sensorderived 
data corresponds to one or more officials. Such official cor 
related tag/sensorderived data is routed to the official dynam 
ics engine 324. The official dynamics engine 324 is disposed 
in communication with an official roles database 326, which 
comprises official roles data correlating tag and sensor IDs (or 
other tag/sensor individual correlators) to official profiles 
including, without limitation, which roles (e.g., referee, 
umpire, head linesman, line judge, back judge, field judge, 
side judge, etc.) the officials perform during a game. 
0162 The official dynamics engine 324 may also be dis 
posed in communication with a dynamics/kinetics model 
database328. The official dynamics engine 324 may compare 
the tag location data, other tag/sensor derived data, and offi 
cial role data to official dynamics/kinetics models to deter 
mine aspects of the official dynamics or movement kinetics. 
The dynamics/kinetics model database 328 may comprise 
models of different aspects or dimensions that may be based 
on past official location data or other data generated by the 
model generation engine 338 as discussed below. The models 
may include, without limitation, models for a particular offi 
cial profile (e.g., Ralph Stevens), an official type (e.g., ref 
eree), an official type for a particular formation (e.g., a referee 
positioned during a kickoff), and the like. Such models may 
considerall three dimensions (x, y, z) of the tag location data 
for each tag (e.g., 102 of FIG. 2B) and may further consider 
different tag position arrays (e.g., two tag implementations— 
one proximate each shoulder as in FIG. 2B, eleven tag imple 
mentations—one proximate each shoulder, one proximate 
each elbow, one proximate each hand, one proximate each 
knee, one proximate each foot, and one proximate the head). 
0163. In one embodiment, the official dynamics engine 
324 determines a multi-dimensional official location per unit 
time for each official based on the tag location data, other tag 
and sensor derived data, the official role data, and the official 
dynamics/kinetics models. Such multi-dimensional official 
location may include (1) a relative location of the official 
relative to the field of play, (2) a general orientation of the 
official (e.g., standing, Squatting, laying the ground, sitting, 
etc.), and (3) a specific orientation of the official (e.g., arms 
raised, arms at hips, one handgrasping the wrist of the other 
arm, etc.). 
0164. The official dynamics engine 324 uses the real time 
tag location data stream from the locate engine 302, as well as 
the official role database326 to provide accurate information 
about what a particular official is doing in real time (or near 
real time). The official dynamics engine 324 may further use 
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tag and sensor derived data, received from the locate engine 
302 in the depicted embodiment, to aid in determining not 
only where the official is, but also how that officials location 
is changing with time, Velocity, acceleration, deceleration, 
orientation, or the like. For example, in one embodiment, the 
sensor derived data may comprise accelerometer data that 
may indicate that an official (or portion of an official) is 
accelerating or decelerating. The official dynamics engine 
324 outputs multi-dimensional official location information 
per unit time. Such multi-dimensional official location infor 
mation may include information regarding the officials loca 
tion, how the location is changing with time, orientation of the 
official, motions or gestures of the official, or the like. 
0.165. In some embodiments, the tag ID/filter 304 may 
determine that received tag and/or sensor derived data corre 
sponds to the game ball (e.g., a ball Such as the ball shown in 
FIG. 2C, which is used or capable of use in the field of play). 
Such ball correlated tag/sensor derived data is routed to the 
ball dynamics engine 330. While the ball engine 330 is not 
shown in communication with a “roles' database as in the 
case of some of the other processing engines, one of ordinary 
skill in the art will readily appreciate some ball role data may 
be used, such as a ball ID or the like, indicating that the 
received tag/sensor derived data is associated with a given 
ball. 

0166 The ball engine 330 may access a ball models data 
base 332, which comprises data indicating how location data 
and other tag and sensor derived data correlates to particular 
ball events during play. The ball engine 330 may provide 
information regarding the ball's position/location (vertical 
and/or horizontal), how the location is changing with time, 
the velocity of the ball, the rotation of the ball, or the like for 
determining events during play. The ball engine 330 may 
output ball data streams to the event engine 322. In some 
embodiments, although not shown in FIG. 3, the ball engine 
may also output a data stream to other processing engines for 
analysis, such as to the play engine 318 for use in determining 
status of a play. 
0167. In some embodiments, the tag ID/filter 304 may 
determine that received tag and/or sensor derived data corre 
sponds to a field marker (e.g., penalty flags, line of scrimmage 
markers, yards to gain markers, and the like). The tag ID/filter 
may then route such field marker correlated tag? sensor 
derived data to a field marker engine 334 for further process 
ing. The field marker engine 334 may provide information 
regarding field marker location, how the location is changing 
with time, or the like, for determining events during play. The 
field marker engine 334 may output data streams to the event 
engine 322. In some embodiments, although not shown in 
FIG. 3, the field marker engine may also output a data stream 
to other processing engines for analysis, such as to the play 
engine 318 for use in determining the status of a play. 
0.168. In some embodiments, a game clock 380 may be 
provided that is configured to keep an official time for a game 
or other tracked activity. In applications such as the depicted 
football application, the game clock is configured to count 
down from Some standard period or quarter length (e.g., 15 
minutes) and may be periodically stopped or started by one or 
more officials and/or the game operations system 342 as 
discussed in greater detailed below. While not separately 
illustrated in FIG. 3, the game clock 380 may further include 
a play clock, shot clock, pitch clock, or the like, which 
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depending upon the application, may also be started and 
stopped by one or more officials and/or the game operations 
system 342. 
0169. The universal clock 385 provides a system time for 
the performance and analytics system 300. As will be appar 
ent to one of ordinary skill in the artin view of this disclosure, 
the universal clock 385 is running clock for tracking, catalog 
ing, and calibrating system actions, processes, and events. For 
illustrations purposes, the game clock 380 and the universal 
clock are shown as inputs for the event engine 322; however, 
in other embodiments, such clocks may provide inputs to any 
or all of the player dynamics engine 306, the team formation 
engine 312, the play engine 318, the event engine 322, the 
official dynamics engine 324, the field marker engine 334, the 
ball engine 330, and the model generation engine 338. 
0170 An event engine 322 may receive the outputs from 
the player dynamics engine 306, the team formation engine 
312, the play engine 318, the official dynamics engine 324, 
the ball engine 330, the field marker engine 334, the weather 
data store 375, a game clock 380, and a universal clock 385 to 
determine events occurring during game play or to perform 
analytics, including predictive analytics, on game related 
data. In some embodiments, the event engine 322 determines 
Such events and performs such analytics by comparing its 
received inputs to a historic data store 336 containing past 
events or analytics. In some embodiments, the event engine 
322 outputs event data streams (e.g., one or more output 
events) to a number of systems including, without limitation, 
a visualization system 340, a game operations system 342, a 
camera control system 344, a team analytics system 346, a 
league analytics system 348, a statistics system 350, an XML 
feed and/or instant message feed 352, a historical data store/ 
engine 336, or other systems as may be apparent to one of 
ordinary skill in the art in view of this disclosure. 
0171 In some embodiments, the event engine 322 may 
output event data streams that include the time delay between 
tag and/or sensor transmissions and the determination of the 
events such that other processes. Such as a visualization sys 
tem, game operations system, etc., may properly correlate to 
different inputs (e.g., video recording versus the determined 
events) so that the different inputs are synchronized. In other 
embodiments, the event data streams may include time 
stamps (game time stamp, universal time stamp, etc.) for 
determined events or other system processes. In this way, the 
performance and analytics system 300 or some downstream 
system can determine, inter alia, which events or processes 
occurred in-game (i.e., during a running game or play clock) 
or out-of-game (i.e., while the game or play clock were 
stopped). 
0.172. In various embodiments, the event data streams or 
output events provided by the event engine may include tag 
events (e.g., battery low indication, error indication, etc.), 
sensor events (e.g., battery low indication, error indication, 
etc.), locate engine events (e.g., status indications, error indi 
cations), tag ID/Filter events (e.g., status indications, error 
indications), player dynamics engine events (e.g., status indi 
cations, error indications), player events (e.g., player tackled 
indication, player injured indication, etc.), official dynamics 
engine events (e.g., status indications, error indications), offi 
cial events (e.g., official injured indication, etc.), ball engine 
events (e.g., status indications, error indications), ball events 
(e.g., new ball required indication, etc.), team formation 
engine events (e.g., status indications, error indications), 
team formation events (e.g., formation type indication, new 
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formation indication, illegal formation indication, etc.), play 
engine events (e.g., status indications, error indications), play 
events (e.g., play type indications such as run, pass, punt, field 
goal, etc., play results, and in-play or Sub-play events such as 
bootleg, 3 step drop, 5 step drop. 7 step drop, crossing pattern, 
hook pattern, fly pattern, drive block, pass block, spin move, 
Swim move, press coverage, Zone coverage, etc.), or any other 
events that may be apparent to one of ordinary skill in the art 
in view of this disclosure. A variety of additional event data 
streams or output events are described in connection with the 
analytics systems and control systems discussed below. 
0173. In one embodiment, the event engine 322 outputs an 
event data stream to the visualization system 340 that may be 
used by the visualization system to provide enhanced tele 
casts or game experiences for television broadcasts, stream 
ing mobile device clients, and other media outlets, gaming 
systems, and other computer graphics visualization systems. 
Such event data streams may be used to provide enhanced 
graphics, displays, information, visualizations, and the like. 
For example, and without limitation, the visualization system 
340 may receive real time (or near real time) data including, 
without limitation, player ID, official ID, team ID, formation 
identifiers, play identifiers, pre-snap play probabilities, play 
diagrams, player route data, player speed data, player accel 
eration data, ball route date, ball speed data, ball acceleration 
data, player trend information, offensive team trend informa 
tion, defensive team trend information, special teams trend 
information, and other tag and/or sensorderived data. In some 
embodiments, the visualization system 340 may be config 
ured to provide a dynamically configurable interface that may 
be engaged by a user to select graphics or areas of focus. For 
example, in one embodiment, a user may configure the sys 
tem to display possible passing lanes for a quarterback to his 
eligible receivers. In still other embodiments, the visualiza 
tion system 340 may output a data stream for use in gaming 
systems, such as plays, player actions, or the like. 
0174. In gaming systems examples, the visualization sys 
tem 340 may provide output of event data that may be con 
figured for display via a gaming console or handheld device. 
Such visualization system outputs may, for example, provide 
for incorporating actual or predicted actions of a "live' player 
into a gaming environment. In some embodiments, the visu 
alization system may also access stored computer generated 
or user created avatars for use with the event data stream. 

0.175. In one embodiment, the event engine 322 outputs an 
event data stream to the game operations system 342 that may 
be used by the game operations system to coordinate, man 
age, or assist in the coordination or managing of game opera 
tions including, without limitation, the game clock 380 (and 
optionally the play clock), down and distance determination, 
score board operations, penalty enforcement, and the like. For 
example, and without limitation, the game operations system 
342 may receive real time (or near real time) data from the 
event engine 322 including, without limitation, a clock start 
indication, a clock stop indication, a play start indication, a 
play end indication, a reset play clock indication, a 1 down 
indication, a 2" down indication, a 3" down indication, a 4" 
down indication, a turnover indication, a yard to gain indica 
tion, a 5 yard penalty indication, a 10 yard penalty indication, 
a 15 yard penalty indication, an end of quarter indication, an 
end of half indication, and an end of game indication. 
0176 Said differently, the event engine 322 may deter 
mine a number of events that may be output to the game 
operations system or other devices. Such events may include, 
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without limitation, a ready for play event (e.g., an official has 
spotted the ball at the line of scrimmage and started a play 
clock in a football example, a pitcher has received the ball 
from his catcher in a baseball example, or the pins have been 
set in a bowling example), a start of play event (e.g., the ball 
has been Snapped in a football example, the pitcher has begun 
his pitching motion or wind-up in a baseball example, or a 
bowler has begun his bowling motion in a bowling example), 
and an end of play event (e.g., the official has blown a whistle 
in a football example, an umpire has called a third strike in a 
baseball example, or the nine pins have been knocked down in 
a bowling example). Such events may be used to determine 
plays, formations, and to output play diagrams (e.g., graphs or 
plots of participant location versus time from a start of play 
event to an end of play event). 
0177. The event engine 322 may be further configured to 
output a play result to the game operations system 342 or 
other device. Such play results may include, for example and 
without limitation, a gain of twelve yards, a loss of three 
yards, an interception, a touchdown, a first down, and the like 
in football embodiments; a ball, a strike, a fly-out, a single, a 
double, a home run, a run scored, and the like in baseball 
embodiments; and a gutter, a strike, a spare, and the like in 
bowling embodiments. 
0.178 As would be apparent to one of skill in the art, the 
various engines and/or output systems may include security 
measures, such as encryption, access permissions, and the 
like, to secure system inputs and outputs. In some embodi 
ments, the engines and/or output Systems may comprise Secu 
rity measures to prevent hacking, jamming, transmission 
interception, etc. to prevent interference from outside parties, 
Such as third parties attempting to gain information that may 
be advantageous in wagering, for example. 
0179. In one embodiment, the event engine 322 outputs an 
event data stream to the camera control system 344 that may 
be used by the camera control system to engage or transition 
engagement between one or more television, film, or other 
cameras to capture game events. For example, and without 
limitation, the camera control system 344 may receive real 
time (or near real time) data including, without limitation, an 
engage or disengage camera 1 indication, an engage or dis 
engage camera 2 indication, an engage or disengage camera 
3, . . . and an engage or disengage camera n indication. In 
Some embodiments, the event engine 322 may output camera 
control indications (e.g., event data) based on real time (or 
near real time) game activity (e.g., ball location data Suggests 
that the ball is closest to a known field of view for camera 4 
and, thus, an engage camera 4 indication is transmitted to the 
camera control system 344). In other embodiments, the event 
engine 322 may output camera control indications (e.g., event 
data) based in part on a prediction of game activity (e.g., ball 
position, acceleration, and direction data Suggests that the 
ball has just left the quarterbacks hand and is being passed 
along a direction and at a Velocity indicative of being caught 
in the field of view of camera 4 and, thus, an engage camera 
3 indication is transmitted to the camera control system 344). 
In other embodiments, the camera control system 344 may 
provide indications such as to tilt, pan, or Zoom in connection 
with a particular camera based on event data or predicted 
actions, or set a location or point of view based on where a 
player, formation, or play may be best viewed. 
0180. In one embodiment, the event engine 322 outputs an 
event data stream to the team analytics engine 346 that may be 
used to generate real time (or near real time) analytics (e.g., 
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player performance information, formation performance 
information, play performance information, and team perfor 
mance information) concerning game activity that may be 
useful to individual teams. For example, in one embodiment, 
the team analytics engine 346 may use event data to deter 
mine actual game performance versus playbook design 
including, without limitation, an evaluation of player routes, 
offensive, defensive, and special teams formations, offensive 
blocking protection schemes, defensive blitzing schemes, 
and the like. 

0181. In another embodiment, the team analytics engine 
346 may use event data to determine actual game perfor 
mance versus historical game performance (such as by using 
historical data store 336) including, without limitation, an 
evaluation of game performance (e.g., player, team, offense, 
defense, special teams, etc.) versus prior year performance, 
prior game performance, prior quarter performance, prior 
possession performance, prior play performance, and the like. 
In this regard, as will be apparent to one of ordinary skill in the 
art, the team analytics engine 346 may be used to evaluate 
performance (e.g., the left tackle has missed three assign 
ments), identify trends (e.g., the defensive team consistently 
sends a linebackerblitz against a spread offensive formation), 
make player Substitutions (e.g., a second string left tackle has 
performed better historically against the right end of the 
defense and thus should be substituted for the starting left 
tackle), revise game plans, or provide alerts (e.g., the flanker 
has experienced significantly reduced speed, acceleration, 
and performance following being tackled and thus an alert 
should be generated to the training staff to ensure that Such 
player is medically evaluated). 
0182 For example, in one embodiment, a trainer may have 
a device. Such as a handheld device, tablet, etc., that may 
receive alerts regarding a particular player. The trainer may 
receive background information and/or past information on a 
player as well as what change the system has identified to 
cause the alert, such as a change in gait, slower route running, 
etc. The trainer may then be able to evaluate the player and 
provide input to the system regarding the player evaluation, 
such as if further attention is required or if the player can 
return to play. In some embodiments, such alert and evalua 
tion results may also be provided to the league analysis sys 
tem, Such as for use in determining injury trends or the like. 
0183 In some embodiments, the team analytics engine 
346 may be used to alert a team (e.g., coaches) to focus on 
specific players who are performing Sub-par versus their nor 
mal (historical) performance, Such as by plays or by teams. In 
Some embodiments, the team analytics engine 346 may fur 
ther output analysis results to the historical data store 336 or 
the like, for use in future analysis and/or the building or 
updating of various models. 
0184. In one embodiment, the performance and analytics 
system is configured to evaluate player performance by cor 
relating at least one tag to the player; receiving blink data (and 
other tag derived data) transmitted by the at least one tag: 
determining tag location databased on the blink data; receiv 
ing player role data; comparing the tag location data to player 
dynamics/kinetics models based at least in part on the player 
role data; determining player location databased on the com 
paring the tag location data to the player dynamics/kinetics 
models; and determining player performance information 
based on comparing the player location data to stored player 
location data. In some embodiments, the stored player loca 
tion data may be stored to the historical data store 336 and 
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may include player location data for the actual player to be 
evaluated (e.g., Frank Smith, left tackle, #55) and/or player 
location data for another player (e.g., Fred Johnson, left 
tackle, #65) who plays a similar position to the actual player 
to be evaluated. In still other embodiments, the stored player 
location data may include competitive databased on the per 
formance of the actual player against an opposing player 
(e.g., the left tackle blocked the right defense end successfully 
in five prior match-ups, the defensive back caused a delay by 
the wide receiver of 2 seconds in running a passing route by 
applying press coverage, etc.). 
0185. In another embodiment, the performance and ana 
lytics system is configured to evaluate official performance by 
correlating at least one tag to the official; receiving blink data 
(and other tag derived data) transmitted by the at least one tag: 
determining tag location databased on the blink data; receiv 
ing official role data; comparing the tag location data to 
official dynamics/kinetics models based at least in part on the 
official role data; determining official location databased on 
the comparing the tag location data to the official dynamics/ 
kinetics models; and determining official performance infor 
mation based on comparing the official location data to stored 
official location data. In some embodiments, the stored offi 
cial location data may be stored to the historical data store 336 
and may include official location data for the actual official to 
be evaluated and/or official location data for another official 
who held a similar position (e.g., referee, umpire, etc.) to the 
actual official to be evaluated. 

0186. In one embodiment, the event engine 322 outputs an 
event data stream to the league analytics engine 348 that may 
be used to generate real time (or near real time) analytics 
concerning game activity that may be useful to a league (i.e., 
a collection of teams). For example, in one embodiment, the 
league analytics engine 348 may use event data to improve 
game safety by identifying injury trends (e.g., player concus 
sions occur at a higher rate when an offensive team runs 
crossing passing routes from a spread formation against a 3-4 
defense, etc.). In another embodiment, the league analytics 
engine 348 may use event data to evaluate rule changes (e.g., 
a rule change intended to speed up game play is or is not 
achieving its intended result). In still another embodiment, 
the league analytics engine 348 may use event data to improve 
officiating (e.g., determining the accuracy of official calls). In 
Some embodiments, the league analytics engine 348 may 
further output analysis results to the historical data store 336 
or the like, for use in future analysis and/or the building or 
updating of various models. 
0187. In one embodiment, the event engine 322 outputs an 
event data stream to the statistics engine 350 that may be used 
to generate real time (or near real time) statistics concerning 
game activity. Such statistics may include, without limitation, 
offensive statistics (e.g., passing, rushing, receiving, turn 
overs, touchdowns scored, etc.), defensive statistics (e.g., 
tackles, sacks, interceptions, turnovers generated, etc.), spe 
cial teams statistics (e.g., punt length, punthang time, average 
return, long return, field goal accuracy, etc.), play diagrams, 
length of play statistics (e.g., 4.8 second average play, 22 
second average pre-snap formation period, etc.), player par 
ticipation statistics (e.g., John Smith participation in 42 of 68 
offensive plays, etc.), Summary statistics (e.g., top scorers, 
fantasy points, minutes on offense, etc.), official statistics 
(e.g., penalties called, location tracking diagrams per play, 
etc.) and the like. In some embodiments, the statistics engine 
350 may further output statistics and results to the historical 
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data store 336 or the like, for use in future analysis and/or the 
building or updating of various models. 
0188 In one embodiment, the event engine 322 outputs an 
event data stream to the XML feed and/or instant messaging 
feed engine 352 that may be used to generate XML or instant 
messaging data streams that may include live data Such as 
plays, scoring plays, other scoring info, results, top scorers, 
Summary statistics, or the like. 
0189 In one embodiment, the event engine 322 may out 
put an event stream that may be used to annotate or taga game 
recording, for example, using visualization system 340, game 
operations system 342, or the like. For example, in one 
embodiment, the event engine 322 may flag, tag, or annotate 
certain events (e.g., plays, penalties, formations, clock start/ 
stop, etc.) into a video recording or live data stream of a game 
for later playback or analysis. In some embodiments, any 
event identified by the event engine 322 may be flagged, 
tagged, or annotated to a video or other data stream to provide 
for ease of later identification. In this regard, various events 
may be readily searched, identified, stored to a database in an 
indexed way, and/or analyzed. 
0190. In some embodiments, the event engine 322 may 
determine events occurring proximate one or more play 
boundaries. For example, using outputs from the player 
dynamics engine 306, the ball engine 330, and the official 
dynamics engine 324 the event engine 322 may determine 
that a touchdown has been scored (i.e., a player has carried the 
ball across a goal boundary into the endzone). In particular, 
the event engine 322 may determine that a running back 
carried the ball (based on location data received from the ball 
engine and the player dynamics engine) across the goal 
boundary (based on field data), which was confirmed by the 
nearest official signaling touchdown by raising both arms 
(based on location data received from the official dynamics 
engine). 
0191 In some embodiments, the event engine 322 may 
output an event data stream to a historical data store/engine 
336, which may store data generated by the various process 
ing engines over time. The historical data store/engine 336 
may be accessed by various systems, such as for use in pro 
viding analytics or generating new models. For example, 
historical data store/engine 336 may provide historical data to 
model generation engine 338, which the model generation 
engine 338 may use in learning (or developing) new play or 
formation models that should be added to the respective 
model databases. In some embodiments, the historical data 
store/engine 336 may be accessed by the analytics and statis 
tics systems to generate more in-depth analytics or statistics. 
In some embodiments, the historical data store 336 may com 
prise prior event and tag derived data received by the system 
for each individual player (e.g., John Smith) and may also 
comprise player data received from other sources, such as 
from manual input tools (i.e., such as using a form or tem 
plate) or external data sources (e.g., other statistics databases, 
etc.). 
0.192 In some embodiments, the event engine 322 may 
output an event data stream that may be used in conjunction 
with historical results, such as from historical data store 336, 
for determining odds for outcomes of various team matchups. 
For example, the event data stream and historical event data 
may be analyzed to generate and/or change predicted odds for 
outcomes of each play, etc., which may be used in a wagering 
system or the like. 
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0193 In some embodiments, the team analytics system 
346 may provide an interface tool (i.e., perhaps through the 
model generation engine 338) configured to allow a team to 
input future plays (i.e., a game plan). Such future plays may 
be tested against historical data stored to the historical data 
store 336 in order to determine a probability for success. For 
example, the team analytics system 346 may be configured to 
allow a team to virtually testan individual play intended to be 
run from a given offensive formation against defenses that 
were historically run against Such offensive formation. As 
will be apparent to one of ordinary skill in the art in view of 
this disclosure, the team analytics system 346 may be con 
figured to allow a team to virtually test its game plan against 
another team, specific players, specific formations, specific 
blocking protections, specific blitz packages, specific 
weather conditions, and the like. 
0194 In one embodiment, the team analytics system 346, 
or any other engine or system, may be configured with access 
security controls (e.g., password protection schemes, etc.) 
Sufficient to limit access to team proprietary data (e.g., game 
plan information, player injury data, etc.) to individual teams. 
In this regard, game integrity may be preserved by ensuring 
that proprietary data of a first team is not obtained by a 
competing second team. 
0.195. In some embodiments, the event engine 322 and its 
corresponding output systems (i.e., the visualization system 
340, the game operations system 342, the camera control 
system 344, the team analytics system 346, the league ana 
lytics system348, the statistics system350, the XML feed/IM 
feed system 352, and the historical data store/engine 336) 
may be configured to provide different levels of specificity for 
the output data. For example, an individual team may receive 
output data breaking down the specific details for each play 
and the player dynamics for the play, Such that the team may 
determine the performance of each player in executing the 
specifics of a play versus an intended design. In contrast, 
similar yet less detailed output may be provided to all teams 
Such as basic play diagrams and standard statistics for the 
players. 
0196. In some embodiments, one or more of the engines 
shown in FIG.3, such as, without limitation, the team forma 
tion engine, the play engine, the event engine, or the like, may 
output lists or ranked lists of probable output events (e.g., 
locations, formations, plays, events, etc.) for display to a user 
via a graphical user interface (e.g., PC, tablet, mobile device, 
etc.) and/or for use by downstream engines or systems. In 
other embodiments, the above described engines may select 
from the ranked list of probable events a most probable event, 
or more simply a “probable event” (e.g., probable location, 
probable formation, probable play, probable blocking tech 
nique, probable passing route, etc.), that either has the highest 
probability indicator among the ranked list or has a probabil 
ity indicator above a pre-defined threshold. 
0.197 In some embodiments, the user may validate or con 
firman output event (e.g., a location, a formation, a play, oran 
event) to improve system operation. For example, in one 
embodiment, the event engine 322 may determine that the 
following events may have occurred each with a respective 
probability indicator shown in parenthesis: completed pass— 
12 yard gain for the offense (68%); completed pass—10 yard 
gain for the offense (21%); incomplete pass—0 yard gain for 
the offense (19%). This ranked list may be displayed to an 
official via a mobile device who may select and confirm the 
correct output event, which in this example is the completed 
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pass for a 12 yard gain for the offense. In this regard, as will 
be apparent to one of ordinary skill in the art in view of this 
disclosure, the system may employ a user to break ties or 
close calls (e.g., probabilities within 10 percent, etc.) or to 
improve the accuracy of models, input weighting allocations, 
and the like. 

0198 In still other embodiments, the performance and 
analytics system may determine or predict participant loca 
tions, formations, plays, or other events despite temporary or 
Sustained losses of blink data for one or more tags (e.g., due to 
transmission failures associated with multipath effects, line 
of-sight blockages, etc.). For example, in one embodiment, 
the performance and analytics system: receives first tag loca 
tion data for a first participant (e.g., a ball carrier) during a first 
time period (e.g., an in-play period representing the first 3 
seconds of a play); receives Subsequent first tag location data 
for the first participant during a second time period (e.g., a 
second in-play period representing the second 3 seconds of a 
play); receives second tag location data for a second partici 
pant (e.g., the ball carried by the ball carrier) during the first 
time period; and determines (or predicts) Subsequent second 
tag location data for the second participant during the second 
time period based at least on: the first tag location data for the 
first participant during the first time period, the Subsequent 
first tag location data for the first participant during the second 
time period, and the second tag location data for the second 
participant during the first time period. 
0199 The above determination or prediction may be fur 
ther improved using tag derived data and sensorderived data. 
For example, the performance and analytics system may 
receive first sensor derived data (e.g., time-of-flight sensor 
data or other tag and sensor derived data Suggestive of a 
relative proximity between the first participant and the second 
participant) for the first participant during the first time 
period; receive subsequent first sensor derived data for the 
first participant during the second time period; and determine 
the Subsequent second tag location data for the second par 
ticipant during the second time period further based at least 
on: the first sensorderived data for the first participant during 
the first time period, and the subsequent first sensor derived 
data for the first participant during the second time period. 
0200. In still other embodiments, the above determination 
or prediction of second participant location may be improved 
by comparing participant location at various times to forma 
tion and/or play models. Such comparisons may further 
include field data, and participant role data. For example, if 
we maintain the above example whereby the first participant 
is a ball carrier and the second participant is a ball, the per 
formance and analytics system may determine or predict the 
location of the ball (i.e., in circumstances where tag or sensor 
transmissions from the ball are blocked) during a pre-snap 
period by determining that the ball carrier is aligned in a 
stationary location in the backfield. By comparing Such ball 
carrier location data to formation models, the system may 
determine that the ball is most likely positioned at the line of 
scrimmage proximate the center. 
0201 Similarly, in another embodiment, perhaps where 
the first participant is a quarterback and the second participant 
is a left guard, the performance and analytics system may 
determine or predict the location of the left guard in any given 
play or time period based upon comparing movements of the 
quarterback to formation and play models. For example, 
quarterback movement from a Snap position to a drop back 
passing position may be suggestive that the left guard is 
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positioned in a pass blocking position proximate the line of 
scrimmage. Alternatively, quarterback movement from a 
Snap position to a hand-off position may be suggestive that the 
left guard is positioned up field of the line of scrimmage in a 
run blocking position. 
0202 FIG. 5 illustrates example participant (e.g., player) 
tracking over time in accordance with some embodiments of 
the present invention. More specifically, FIG. 5 illustrates the 
changing position of an offensive team during game action. 
Such tracking of changing positions may be useful for various 
engines of the present system including, without limitation, 
the player dynamics engine, the formation engine, the play 
engine, and the event engine. For example, at a first time, t-1 
(e.g., game clock: 12:26, play clock: 38 seconds, universal 
clock: 16:09:30), the tag location data may indicate that the 
tracked offensive players are positioned well behind the line 
of scrimmage, thus, Suggesting a low probability of any 
present formation. However, at a second time, t0 (e.g., game 
clock: 12:01, play clock: 13 seconds, universal clock: 16:09: 
55), certain of the tracked players (e.g., offensive linemen and 
receivers) appear to have positioned themselves proximate 
the line of scrimmage, thus, Suggesting a higher probability of 
a pro set offensive formation. At a third time, t1 (e.g., game 
clock: 11:55, play clock: 07 seconds, universal clock: 16:10: 
01), certain tracked players (e.g., the receivers and the quar 
terback) move away from the line of scrimmage, thus, Sug 
gesting that a play has begun. Additional times t2 throughts 
may be similarly tracked as shown and used by the various 
engines to hypothesize the occurrence of particular events 
(formations, play start/stop, penalties, etc.). The tag location 
data recorded at times t-1 throughts may provide for a data 
stream indicating the motions/paths of the various players 
throughout the duration of a play period. It is noted that FIG. 
5 does not illustrate tracking of all the players after t0, or the 
defensive team players, in order to simplify the illustration. 
0203 The team formation engine 312 and/or play engine 
318 may analyze player dynamics of multiple players, both 
offensive and defensive, simultaneously in hypothesizing the 
possible formations, plays, etc. For example, as discussed 
briefly above, the formation engine 312 and/or play engine 
318 may apply different weights to the tag/sensor/location 
data received for each player based in part on the player's role 
Versus the formation models or play models, as all the indi 
vidual player dynamics may not fully correlate to a particular 
formation or play. The formation engine 312 and/or play 
engine 318 may then analyze the different models and choose 
the model, or set of models, that have the highest probability 
of being accurate based on the weights of all the combined 
inputs. 

Example 

Dynamic Weighting by Various Engines 

0204 Various engines of the above described performance 
analytics system Such as the player dynamics engine, the 
official dynamics engine, the ball engine, the field marker 
engine, the team formation engine, the play engine, and the 
event engine, may dynamically assign and adjust various 
weights to respective inputs (e.g., tag derived data, sensor 
derived data, participant location data, formation data, play 
data, etc.) in order to efficiently make their respective deter 
minations or calculations. In some embodiments, as dis 
cussed in great detail below, one of the engines may use data 
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or events output from one or more of the other engines when 
determining to assign or adjust the various weights to the 
respective inputs. 
0205 For example, in one embodiment, the player dynam 
ics engine may receive a pre-snap or pre-play indication from 
the team formation engine indicating that the offensive and 
defensive players are aligned proximate the line-of-scrim 
mage and that a play is about to begin. The player dynamics 
engine may determine because the players are tightly packed 
in pre-snap or pre-play positions that some tags or sensors 
(e.g., those transmitting proximate the player's feet) may 
have a lower probability of communication effectiveness 
based on line-of-sight blockages due to player bodies. This 
determination may, in Some embodiments, be confirmed by 
polling of the tags or sensors in question by one or more 
receivers. 
0206. If the default weight (i.e., a first weight) for data for 

all tags and sensors of the system is 1.0, the player dynamics 
engine may assign a weight of 0.1 (i.e., a second weight) to 
the lower communication effectiveness tags or sensors. In an 
alternative embodiment, other tags or sensors (e.g., time-of 
flight sensors, accelerometers, etc.) that are deemed more 
important given the poor communication of the lower com 
munication effectiveness tags or sensors may be assigned a 
weight of 1.5. 
0207. The weights of the various tags and sensors may be 
used by the player dynamics engine, or other downstream 
engines such as the team formation engine, the play engine, or 
the event engine, to reduce the impact of the lower commu 
nication effectiveness tags or sensors (or increase the impact 
of other tags or sensors) on the determinations or calculations 
of such engines. In some embodiments, such weights may be 
used to allow the performance analytics system to allocate 
resources (e.g., power, computational resources, etc.) away 
from lower communication effectiveness tags or sensors to 
enhance battery life or system performance. 
0208. In some embodiments, the low communication 
effectiveness of the tags or sensors may be short-lived, for 
example, once a play begins the players begin to spread out 
making communication with even foot attached tags easier. In 
one embodiment, the player dynamics engine may receive a 
Snap or play start indication (e.g., indication a second time if 
the previously discussed pre-snap or pre-play indication indi 
cated a first time) and, in response, may assign the default 
weight of 1.0 to the prior low communication effectiveness 
tags or sensors thereby causing the performance analytics 
system to consider equally the tag derived data or sensor 
derived data resulting from Such tags or sensors. 
0209. In some embodiments, a receiver may derive data 
from a plurality of tags and thus may transmit tag derived data 
having a first tag derived data component (e.g., tag derived 
data based on blink data transmitted by a first tag) and a 
second tag derived data component (e.g., tag derived data 
based on blink data transmitted by a second tag). In some 
embodiments, a receiver may derive data from a plurality of 
sensors and may transmit sensor derived data having a first 
sensor derived data component (e.g., sensor derived data 
based on a sensor data packet transmitted by a first sensor) 
and a second sensor derived data component (e.g., sensor 
derived databased on a sensor data packet transmitted by a 
second sensor). As will be apparent to one of ordinary skill in 
the art in view of this disclosure, tag or sensor weight assign 
ments may be applied to Such tag derived data components or 
sensor derived data components. 
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0210. In one embodiment, the player dynamics engine 
may determine participant location data by assigning a first 
weight to a first tag derived data component (e.g., blink data 
transmitted by feet placed tags) and a second weight to a 
second tag derived data component (e.g., blink data transmit 
ted by shoulder pad placed tags) at a first time period (e.g., 
during a pre-Snap or pre-play alignment period). The player 
dynamics engine may further assign a third weight to the first 
tag derived data component (e.g., tag derived data transmitted 
by feet placed tags) and a fourth weight to the second tag 
derived data component (e.g., tag derived data transmitted by 
shoulderpad placed tags) at a second time period (e.g., during 
a post-Snap or in-play period). 
0211. In another embodiment, the team formation engine 
may again determine that offensive and defensive players are 
forming into pre-snap or pre-play positions. In some embodi 
ments, the team formation engine may determine that the 
movement of certain players (e.g., a quarterback, wide receiv 
ers, runningbacks, etc.) is a better indication of pre-snap or 
pre-play formations than others (e.g., offensive linemen, 
etc.). For example, when analyzing player location data for 
comparison to formation models, the team formation engine 
may assign a first weight (e.g., 1.5) to a first participant 
component (e.g., location data associated with a quarterback) 
and a second weight (e.g., 0.1) to a second participant com 
ponent (e.g., location data associated with a left guard). As 
discussed above. Such weights may be assigned or adjusted 
by the performance analytics system at various system times 
(e.g., at initial participant registration, pre-snap, play start, 
play end, etc.). 
0212. In one embodiment, the team formation engine may 
determine formation data by assigning a first weight to a first 
participant component (e.g., location data associated with a 
quarterback) and a second weight to a second participant 
component (e.g., location data associated with a left guard) at 
a first time period (e.g., during a pre-snap or pre-play align 
ment period). The team formation engine may further assign 
a third weight to the first participant component (e.g., location 
data associated with a quarterback) and a fourth weight to the 
second participant component (e.g., location data associated 
with a left guard) at a second time period (e.g., during a 
post-Snap or in-play period). 
0213. In another embodiment, the play engine may again 
determine that offensive and defensive players are forming 
into pre-snap or pre-play positions. In some embodiments, 
the play engine may determine that the movement of certain 
players (e.g., a quarterback, wide receivers, runningbacks, 
etc.) is a better indication of plays, or play related events such 
as play start or play stop, than others (e.g., offensive linemen, 
etc.). For example, when analyzing changes information data 
for comparison to play models, the play engine may assign a 
first weight (e.g., 1.5) to a first formation component (e.g., 
formation data associated with a quarterback) and a second 
weight (e.g., 0.1) to a second formation component (e.g., 
formation data associated with a left guard). As discussed 
above, such weights may be assigned or adjusted by the 
performance analytics system at various system times or dur 
ing various periods (e.g., at initial participant registration, 
pre-snap, play start, play end, in-play, post-play, etc.). 
0214. As will be apparent to one of ordinary skill in the art 
in view of this disclosure, the weights of the various partici 
pant components and formation components may be used by 
the player dynamics engine, the team formation engine, the 
play engine, or the event engine to improve the performance 
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analytics system. In some embodiments, such weights may be 
used to allow the performance analytics system to allocate 
resources (e.g., power, computational, etc.) away from tags, 
sensors, or participants to enhance battery life or system 
performance. 
0215. In another embodiment, as the team formation 
engine compares participant location data to the formation 
models and eliminates certain formations from the list of 
possible formations, the team formation engine may identify 
players whose dynamics have little impact on the decision 
among the remaining possible formations and lower the 
weights assigned to those particular players (e.g., tag derived 
data components, sensor derived data components, etc.) or 
may determine that the dynamics of some other players (e.g., 
tag derived data components, sensor derived data compo 
nents, etc.)are highly relevant to certain formations and, thus, 
increase such other players weights. 
0216. In another example, the official dynamics engine 
may receive data from the play engine or the formation engine 
and based on the type of formation or play and/or the location 
of the particular official in relation to the formation or play, 
may recognize that the participant location data, formation 
data, event data, etc., are likely not going to be determinative 
of one or more plays, formations, penalties, etc. The play 
engine or formation engine may thus assign lower weights to 
the participant location data, formation data, or event data 
associated with Such official at least for a period of time (e.g., 
the length of one play, etc.). 
0217. In some embodiments, the performance and analyt 
ics system may work out relevance data (i.e., one or more 
relevance factors) for various participants as part of its play 
determination methods. For example, the performance and 
analytics system may receive participant location data deter 
mined based on tag location data, tag? sensorderived data, and 
participant role data, wherein the participant location data 
comprises a first participant component and a second partici 
pant component; receive formation data; determine a rel 
evance factor for each of the first participant component and 
the second participant component based on the formation 
data; assign a first weighted participant component and a 
second weighted participant component based on the rel 
evance factor for each of the first participant component and 
the second participant component; and determine play data 
based on comparing the first weighted participant compo 
nent, the second weighted participant component, and the 
formation data to play models. 
0218. In one example embodiment, the location of the ball 
may be used to determine a play. In this regard, the perfor 
mance and analytics system receives ball location data; 
receives tag derived data, Such as blink data transmitted by a 
plurality of tags, correlated to a plurality of participants (e.g., 
players, officials, etc.); determines tag location databased on 
the blink data; receives participant role data; determines par 
ticipant location data based on comparing the tag location 
data and participant role data to participant dynamics/kinetics 
models; and determines play data (e.g., a play or series of 
plays) based on the comparing the participant location data 
and the ball location data to play models. 
0219. In another example embodiment, the location of one 
or more officials may be used to determine a play. In this 
regard, the performance and analytics system receives official 
location data; receives tag derived data, such as blink data 
transmitted by a plurality of tags, correlated to a plurality of 
participants (e.g., players, other officials, etc.); determines 
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tag location databased on the blink data; receives participant 
role data; determines participant location databased on com 
paring the tag location data and participant role data to par 
ticipant dynamics/kinetics models; and determines play data 
(e.g., a play or series of plays) based on the comparing the 
participant location data and the official location data to play 
models. 

Example Weather Integration Embodiments 
0220. In some embodiments, the various engines and/or 
output systems may incorporate real-time weather data into 
the performance analytics. Outdoor sporting events are often 
affected by weather conditions that may in turn affect deci 
sions related to carrying out the sporting event or affect the 
analysis and/or prediction of a player's performance in the 
sporting event. 
0221. In such embodiments, the performance analytics 
system may further include weather sensors such as anemom 
eters, temperature sensors, rain sensors, or the like. In some 
embodiments, returning for example to FIG. 1, the weather 
sensors may have location tags, such as location tags 102. 
attached or incorporated thereto, so as to provide location 
data for the weather sensors to the performance analytics 
system. In other embodiments, the weather sensors 125 may 
be mounted in a fixed weather exposed location. In the 
depicted embodiment, weather sensors 125 are mounted to an 
upper portion of the goal posts (not shown). 
0222. The weather sensors 125 may provide real-time 
weather data (i.e., sensor derived data from one or more 
weather sensors). Such as wind speed, wind direction, baro 
metric pressure, Sunlight intensity, temperature, precipita 
tion, or the like. In some embodiments where the weather 
sensors are integrated into tags 102, for example, location 
information for the weather sensors may be transmitted to the 
performance analytics system through wired connections or 
wireless connections (i.e., as tag derived data or sensor 
derived data, etc.), from the receivers 106. The performance 
analytics system may correlate the time and location of par 
ticipants (e.g., player, ball, etc.) and the weather sensor 
derived data to create weather-adjusted participant location 
data. The performance analytics system may correlate time, 
formation, and the weather sensor derived data to create 
weather-adjusted formation data. The performance analytics 
system may correlate the time, play data, and the weather 
sensor derived data to create weather-adjusted play data. In 
this regard, the performance analytics system may determine 
weather related impacts on participant performance, forma 
tion performance, team performance, output events, the tra 
jectory of the ball, etc. 
0223) In one embodiment, the performance and analytics 
system may determine player performance information based 
on comparing the player location data and the weather sensor 
derived data to stored weather-adjusted player location data. 
In another embodiment, the performance and analytics sys 
tem may determine team performance information based on 
comparing the formation data and the weather sensorderived 
data to stored weather-adjusted formation data. In still 
another embodiment, the performance and analytics system 
may determine team performance information based on com 
paring the play data and the weather sensor derived data to 
stored weather-adjusted play data. 
0224. In some embodiments, a plurality of weather sen 
sors may be located proximate a monitored area or Zone (i.e., 
a field of play). Weather sensor derived data from such plu 
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rality of sensors may be used to determine weather conditions 
proximate Such sensors. In this regard, the performance and 
analytics system configured as described herein may organize 
Such weather sensor derived data into various weather Zones 
(e.g., horizontal Zones, Vertical Zones, etc.) within the moni 
tored area to better analyze the impact of weather on partici 
pant performance (e.g., player performance), formation per 
formance, team performance, output events, and the like. 
0225. The above Zone-based weather data organization 
may be used when determining how a play should be executed 
or modified. For example, wind conditions may be different 
in different portions of a monitored area (e.g., a playing field) 
and by having knowledge of such different weather condi 
tions (i.e., the conditions in various monitored Zones), a pass 
ing play or field goal attempt may be modified to take advan 
tage of conditions in each specific Zone. For example, passing 
plays or kicking plays may be determined to be executed or 
not executed in certain Zones of the field based on wind 
conditions in Such Zones. 

0226 Weather sensor derived data from various weather 
sensors 125 may be stored to a database such as weather data 
store 375 of FIG.3. Such weather sensorderived data may be 
fed to event engine 322. In other embodiments, weather sen 
sor derived data from the weather data store 375 may be 
accessed by the player dynamics engine 306, the official 
dynamics engine 324, the ball engine 330, the team formation 
engine 312, the play engine 318, and the event engine 322. 
0227. In various embodiments, output events generated by 
one or more of the above engines may account for, or filter 
out, uncontrollable weather events. For example, when evalu 
ating participant performance, a “no wind' or steady-state 
wind trajectory for the ball may be calculated and used to 
determine if a kick or a pass would have been Successful (i.e., 
reached its target) if not for a change in weather conditions 
(e.g., wind gusts, etc.). In another example, an interception or 
pass incompletion could be determined to have been aided by 
wind conditions (e.g., wind gusts, etc.). Alternatively, kicks 
or pass completions may be determined to have been aided by 
wind conditions. 

0228 Temperature, moisture, humidity, etc., can be corre 
lated to participant, team, formation, and/or play perfor 
mance (positive performance or negative performance) to 
assist in arriving at more accurate evaluations versus prior or 
predicted performance levels. In still another embodiment, 
Such correlations may be helpful in creating more robust 
participant dynamics models, formation models, and play 
models. 

Example Process or Method Embodiments 

0229 FIG. 6A illustrates a flowchart of an exemplary pro 
cess for performance analytics using a locating system in 
accordance with some embodiments of the present invention. 
The process may start at 502, where one or more tags (e.g., 
tags 102 as shown in FIG.1) may be correlated to a participant 
(e.g., a player, official, ball, etc.). Additionally, in some 
embodiments, one or more sensors (e.g., sensors 203 as 
shown in FIG. 2A-C) may be correlated to a participant at 
504. The tags 102 (and optionally sensors 203) may be 
attached to participants, such as to players, officials, balls, 
field markers, penalty flags, other game equipment, and ref 
erence markers on afield of play (e.g., boundary defining 
reference markers). For example, in the case of players or 
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officials, the tags and/or sensors may be attached to equip 
ment, uniforms, etc., worn or carried by the players or offi 
cials. 

0230. At 506, blink data is received from the one or more 
tags 102. Additionally, in some embodiments, other tag 
derived data and sensor derived data, Such as from sensors 
203 associated with the participant, may be received with the 
blink data or separate from the blink data at 508. 
0231. At 510, tag location data is determined (e.g., per 
haps by receiver hub/locate engine 302) from the blink data as 
discussed above. Role data for the participant is received at 
step 512. 
0232. In some embodiments, each participant may be 
associated with one or more tags 102 and/or one or more 
sensors 203 (e.g., multiple tags 102 and sensors 203 may be 
attached to an individual player's equipment, Such as to pro 
vide more accurate location and multi-dimensional location 
or orientation data). A filter (e.g., tag ID/filter 304 of FIG. 3) 
may process the incoming stream of tag location data to 
identify tags 102 that are associated with a given participant 
(e.g., multiple tags attached to a player, a ball, an official, 
etc.). The filter may correlate the tag location data associated 
with multiple tags 102 where the multiple tags 102 are asso 
ciated with the same participant (e.g., player or official). Such 
as to provide more accurate data regarding the activities of a 
participant. Once the tag location data is correlated to a given 
participant, it may be routed to an appropriate engine (e.g., 
player dynamics engine, official dynamics engine, ball 
engine, field marker engine, etc.) based at least in part on the 
received role data and Such correlation. Additionally, in some 
embodiments, sensor derived data from multiple sensors 203 
that are associated with a given participant may be correlated 
in a similar fashion. 

0233. In embodiments where the tag location data is 
routed to the player dynamics engine, the player dynamics 
engine (e.g., player dynamics engine 306 of FIG. 3) may 
receive the stream of participant correlated tag derived data, 
and optionally, other tag/sensor derived data, from the filter. 
In other embodiments, depending on the type of participant, 
the below process may be performed by other appropriate 
engines such as the official dynamics engine, the ball engine, 
the field marker engine, etc. 
0234. At 514, the player dynamics engine may compare 
the tag derived data and the received player role data to a 
plurality of player dynamics/kinetics models to determine 
player dynamics (e.g., multi-dimensional player location 
information) for each participant (e.g., player). Additionally, 
in some embodiments, the received sensor derived data may 
be used in the comparison to a plurality of player dynamics/ 
kinetics models to determine player dynamics at 516. 
0235. At 518, the player dynamics engine may determine 
player location data for each player (e.g., player dynamics or 
multi-dimensional player location information). Such as loca 
tion, change in location, orientation, Velocity, acceleration, 
deceleration, or the like. The player dynamics engine may 
then provide an output stream of the player location data, Such 
as to a team formation engine, a play engine, an event engine, 
or the like. 

0236 FIG. 6B illustrates a flowchart of another exemplary 
process for performance analytics using a locating system in 
accordance with some embodiments of the present invention. 
The process may start at 520, where one or more tags (e.g., 
tags 102) may be correlated to a participant (e.g., a player, 
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official, ball, etc.). Additionally, in some embodiments, one or 
more sensors (e.g., sensors 203) may be correlated to a par 
ticipant at 522. 
0237. At 524, blink data is received from the one or more 
tags 102. Additionally, in some embodiments, other tag 
derived data and sensor derived data, Such as from sensors 
203 associated with the participant, may be received with the 
blink data or separate from the blink data at 528. Tag location 
data is determined (e.g., perhaps by receiver hub/locate 
engine 302) from the blink data at step 526. 
0238. At 530, a player dynamics engine may receive tag 
derived data for the tags 102 where the tag derived data may 
be indicative of a player location (e.g., as opposed to an 
official location, a field marker location, etc.). Additionally, in 
Some embodiments, other tag and sensorderived data, Such as 
from sensors 203 associated with the player, may be received 
with the blink data or separate from the blink data at 528. 
0239. In some embodiments, at 530, the player dynamics 
engine may optionally receive player role data for the player, 
Such as by comparing a tag identifier of the tag derived data to 
a database of player roles. 
0240. At 532, the player dynamics engine may then com 
pare the tag derived data (and optionally the player role data) 
to a plurality of player dynamics/kinetics models to deter 
mine player dynamics (e.g., multi-dimensional player loca 
tion information) for each player. Additionally, in some 
embodiments, the received sensor derived data may be used 
in the comparison to a plurality of player dynamics/kinetics 
models to determine player dynamics at 534. 
0241. At 536, the player dynamics engine may determine 
player location data for each player, such as location, change 
in location, orientation, Velocity, acceleration, deceleration, 
or the like. 

0242. At 538, the player role data may be created or 
updated. Such as in a player role database, based on the player 
location data. For example, if participant role data for the 
particular participant already exists in a participant role data 
base, the participant role data may be updated or changed 
based on an analysis of the participant location data. If par 
ticipant role data for a particular participant does not exist in 
the participant role database, a new participant role data entry 
may be created for that particular participant and stored to the 
database. As such, the performance analytics system may 
learn about participant roles as a result of analyzing the par 
ticipant dynamics (participant location data). 
0243 In some embodiments, the participant role data 
(e.g., player role data) may comprise participant profile data 
Such as the role of the participant in the game or sporting event 
(e.g., what position a player is assigned), biometric data, 
participant analysis data, team ID, performance statistics, 
and/or the like. For example, the player role data may addi 
tionally include data regarding a player's normal gait, the 
pattern a player typically runs, how long on average it takes a 
player to start from a line of scrimmage, etc. Some embodi 
ments may learn and update one or more portions of the 
player role databased on the analysis of the participant loca 
tion data. For example, the performance analytics system may 
identify that a players assigned position may have changed 
based on the changes in the player location data and the player 
dynamics, or the system may identify a players typical gait or 
typical running pattern by analyzing the player location data 
(and/or other tag? sensor derived data), and then update the 
player role data accordingly. 
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0244 FIG. 7 illustrates a flowchart of an exemplary pro 
cess for a player dynamics engine (e.g., player dynamics 
engine 306 of FIG. 3) in accordance with some embodiments 
of the present invention. The process may start at 602, where 
tag location data is received for tags 102. In some embodi 
ments, such tag location data may be determined by a receiver 
hub/locate engine 302 based on blink data transmitted by the 
tags 102. Additionally, in some embodiments, other tag and 
sensor derived data, such as from sensors 203, may be 
received with the tag location data or separately from the tag 
location data. At 604, the player dynamics engine may 
retrieve player role data from a database based on the tag ID 
(or participant ID) of the tag derived data. At 606, the player 
dynamics engine may use the player role data, player dynam 
ics/kinetics models (e.g., from one or more databases of 
player dynamics/kinetics models), the tag location data, and, 
optionally, the other tag derived data and/sensor derived data 
to determine player dynamics (e.g., multi-dimensional player 
location information) for each particular player, Such as loca 
tion, change in location, Velocity, acceleration, deceleration, 
orientation, or the like. At 608, the player dynamics engine 
may provide an output stream of the player dynamics over 
time (e.g., participant location data). Such as to a team forma 
tion engine, a play engine, an event engine, or the like. 
0245 FIG. 8 illustrates a flowchart of an exemplary pro 
cess for a team formation engine (e.g., team formation engine 
312 of FIG. 3) in accordance with some embodiments of the 
present invention. The process may start at 702, where a 
player dynamics data stream (e.g., player location data) is 
received (e.g., from a player dynamics engine), which may 
comprise blink data, tag location data, sensor data, and other 
player dynamics data for a plurality of players. At 704, the 
team formation engine may retrieve field data and formation 
models from one or more databases and compare the player 
dynamics data stream, in conjunction with the field data, to 
the plurality of formation models. The team formation engine 
may analyze the data stream of player dynamics over time to 
determine a probable formation, or set of probable forma 
tions, (e.g., the likelihood that a particular formation is occur 
ring or forming) at 706. For example, the team formation 
engine may determine the most probable team formation (or 
ranked list of probable formations) at a particular point in 
time. At 708, the team formation engine may provide an 
output stream of the formations versus time (e.g., formation 
data), such as to a play engine, an event engine, or the like. 
0246 FIG. 9 illustrates a flowchart of an exemplary pro 
cess for a play engine (e.g., play engine 318 of FIG. 3) in 
accordance with some embodiments of the present invention. 
The process may start at 802, where a player dynamics data 
stream (e.g. player location data) and team formations versus 
time data stream (e.g., formation data) are received (e.g., from 
a player dynamics engine and a team formation engine, 
respectively). In some embodiments, additional data may be 
received. Such as an official dynamics data stream, a ball 
Versus time data stream, a field marker data stream, and/or the 
like to further improve play determination accuracy or assist 
in generating play data. At 804, the play engine may retrieve 
play models from one or more databases and compare the 
received data streams to the plurality of play models. The play 
engine may analyze the data streams in conjunction with the 
play models to determine a probable play, or set of probable 
plays, at 806. At 808, the play engine may analyze the data 
stream to determine the status of the particular play, Such as 
play start, in progress, play stop, or the like: In determining 
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that a play has formed, started, ended, etc., the play engine 
may weigh and analyze the received data streams and com 
pare to the play models to generate a ranked list of one or more 
probable play events and include an associated probability 
that the received data matches each particular model or pat 
tern. At 810, the play engine may provide an output stream of 
the playS Versus time (e.g., play data), such as to an event 
engine, or the like. 
0247 FIG. 10 illustrates a flowchart of an exemplary pro 
cess for an event engine (e.g., event engine 322 of FIG. 3) in 
accordance with some embodiments of the present invention. 
The process may start at 902, where a player dynamics data 
stream (e.g., player location data), team formations versus 
time data stream (e.g., formation data), and a plays versus 
time data stream (e.g., play data) are received (e.g., from a 
player dynamics engine, a team formation engine, and a play 
engine, respectively). In some embodiments, additional data 
streams may be received. Such as an official dynamics data 
stream, a ball versus time data stream, a field marker data 
stream, a weather data stream, and/or the like to assist in 
generating event data streams. At 904, the event engine may 
process the received data streams to determine and generate 
events during, or in conjunction with, a game. At 906, the 
event engine may provide output streams of the event data to 
various storage, analysis, and/or control systems, such as, 
without limitation, to a historical data store 336, a visualiza 
tion system 340, a game operations system 342, a camera 
control system 344, a team analytics system 346, a league 
analytics system 348, a statistics system 350, an XML feed/ 
IM feed system, and/or the like. 
0248 FIG. 11 illustrates a flowchart of an exemplary pro 
cess for team analysis, such as by a team analytics system 
(e.g., team analytics system 346 of FIG. 3), in accordance 
with some embodiments of the present invention. The process 
may start at 1002, where input play data (e.g., future/potential 
play models) for a particular team may be received. Such as 
through a model generation engine 338. At 1004, the team 
analytics system may determine a particular type of analysis 
to be performed using the input play data. If a selection is 
made to compare the input plays against the play models in 
the system (e.g., play model databases), at 1006, the team 
analytics system may compare the input plays against each of 
the appropriate play models (i.e., offensive plays, defensive 
plays, etc.) in the play model database. Such as using perfor 
mance data associated with the play models from historical 
data store 336. If a selection is made to compare the input 
plays against the formation models in the system, at 1008, the 
team analytics system may compare the input plays against 
each of the appropriate formations for each of the appropriate 
play models (i.e., offensive plays, defensive plays, etc.) in the 
formation and play model databases, such as using perfor 
mance data associated with the formation and play models 
from historical data store 336. If a selection is made to com 
pare the input plays against the historical play data of another 
team, at 1010, the team analytics system may compare the 
input plays against each of the appropriate play models used 
by the other team, Such as using performance data associated 
with the play models from historical data store 336. At 1012, 
the team analytics system may output the results of the analy 
S1S. 

0249 FIG. 12 illustrates a flowchart of an exemplary pro 
cess for player analysis, Such as by a team analytics system, in 
accordance with some embodiments of the present invention. 
The process may start at 1102, where a user may input a 
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selection of a player for analysis. At 1104, the team analytics 
system may retrieve historical player data and/or statistics for 
the selected player, such as from historical data store 336. At 
1106, the team analytics system may determine the selection 
of a particular type of analysis to be performed for the 
selected player. If a selection is made to compare the players 
performance against the play models in the system, at 1108, 
the team analytics system may compare the player perfor 
mance against each of the appropriate play models (i.e., 
offensive plays, defensive plays, etc.) in the play model data 
base. Such as using performance data of the play models by 
the player's team from the historical data store 336. If a 
selection is made to compare player performance against the 
formation models in the system, at 1110, the team analytics 
system may compare the player performance against each of 
the appropriate formations for each of the appropriate play 
models (i.e., offensive plays, defensive plays, etc.) in the 
formation and play model databases, such as using historical 
performance data of the formation and play models by the 
player's team from the historical data store 336. If a selection 
is made to compare the player performance against the his 
torical play data of another team, at 1012, the team analytics 
system may compare the player performance against each of 
the appropriate play models used by the other team, Such as 
using historical performance data of the play models from the 
historical data store 336. At 1114, the team analytics system 
may output the results of the analysis. 

Example Processing Apparatus 

0250 FIG. 13 shows a block diagram of components that 
may be included in an apparatus that may provide perfor 
mance analytics in accordance with embodiments discussed 
herein. Apparatus 1200 may comprise one or more proces 
sors, such as processor 1202, one or more memories, such as 
memory 1204, communication circuitry 1206, and user inter 
face 1208. Processor 1202 can be, for example, a micropro 
cessor that is configured to execute software instructions and/ 
or other types of code portions for carrying out defined steps, 
some of which are discussed herein. Processor 1202 may 
communicate internally using data bus, for example, which 
may be used to convey data, including program instructions, 
between processor 1202 and memory 1204. 
0251 Memory 1204 may include one or more non-transi 
tory storage media Such as, for example, Volatile and/or non 
volatile memory that may be either fixed or removable. 
Memory 1204 may be configured to store information, data, 
applications, instructions or the like for enabling apparatus 
1200 to carry out various functions in accordance with 
example embodiments of the present invention. For example, 
the memory could be configured to buffer input data for 
processing by processor 1202. Additionally or alternatively, 
the memory could be configured to store instructions for 
execution by processor 1202. Memory 1204 can be consid 
ered primary memory and be included in, for example, RAM 
or other forms of volatile storage which retain its contents 
only during operation, and/or memory 1204 may be included 
in non-volatile storage, such as ROM, EPROM, EEPROM, 
FLASH, or other types of storage that retain the memory 
contents independent of the power state of the apparatus 
1200. Memory 1204 could also be included in a secondary 
storage device, such as external disk storage, that stores large 
amounts of data. In some embodiments, the disk storage may 
communicate with processor 1202 using an input/output 
component via a data bus or other routing component. The 
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secondary memory may include a hard disk, compact disk, 
DVD, memory card, or any other type of mass storage type 
known to those skilled in the art. 

0252. In some embodiments, processor 1202 may be con 
figured to communicate with external communication net 
works and devices using communications circuitry 1206, and 
may use a variety of interfaces such as data communication 
oriented protocols, including X.25, ISDN, DSL, among oth 
ers. Communications circuitry 1206 may also incorporate a 
modem for interfacing and communicating with a standard 
telephone line, an Ethernet interface, cable system, and/or 
any other type of communications system. Additionally, pro 
cessor 1202 may communicate via a wireless interface that is 
operatively connected to communications circuitry 1206 for 
communicating wirelessly with other devices, using for 
example, one of the IEEE 802.11 protocols, 802.15 protocol 
(including Bluetooth, Zigbee, and others), a cellular protocol 
(Advanced Mobile Phone Service or “AMPS), Personal 
Communication Services (PCS), or a standard 3G wireless 
telecommunications protocol, such as CDMA2000 1X EV 
DO, GPRS, W-CDMA, LTE, and/or any other protocol. 
0253) The apparatus 1200 may include a user interface 
1208 that may, in turn, be in communication with the proces 
sor 1202 to provide output to the user and to receive input. For 
example, the user interface may include a display and, in 
Some embodiments, may also include a keyboard, a mouse, a 
joystick, a touchscreen, touch areas, Soft keys, a microphone, 
a speaker, or other input/output mechanisms. The processor 
may comprise user interface circuitry configured to control at 
least Some functions of one or more user interface elements 
Such as a display and, in some embodiments, a speaker, 
ringer, microphone and/or the like. The processor and/or user 
interface circuitry comprising the processor may be config 
ured to control one or more functions of one or more user 
interface elements through computer program instructions 
(e.g., Software and/or firmware) stored on a memory acces 
sible to the processor (e.g., memory 1204, and/or the like). 
0254. In some embodiments, certain ones of the opera 
tions above may be modified or further amplified as described 
below. Moreover, in some embodiments additional optional 
operations may also be included. It should be appreciated that 
each of the modifications, optional additions or amplifica 
tions below may be included with the operations above either 
alone or in combination with any others among the features 
described herein. 

0255. Many modifications and other embodiments of the 
inventions set forth herein will come to mind to one skilled in 
the art to which these inventions pertain having the benefit of 
the teachings presented in the foregoing descriptions and the 
associated drawings. Therefore, it is to be understood that the 
inventions are not to be limited to the specific embodiments 
disclosed and that modifications and other embodiments are 
intended to be included within the scope of the appended 
claims. Moreover, although the foregoing descriptions and 
the associated drawings describe example embodiments in 
the context of certain example combinations of elements and/ 
or functions, it should be appreciated that different combina 
tions of elements and/or functions may be provided by alter 
native embodiments without departing from the scope of the 
appended claims. In this regard, for example, different com 
binations of elements and/or functions than those explicitly 
described above are also contemplated as may be set forth in 
Some of the appended claims. Although specific terms are 
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employed herein, they are used in a generic and descriptive 
sense only and not for purposes of limitation. 

1. A method for generating formation data, the method 
comprising: 

receiving participant location data determined based on tag 
derived data and participant role data; 

receiving field data; 
comparing the participant location data to formation mod 

els based at least in part on the participant location data, 
the participant role data, and the field data; and 

determining formation data based on the comparing the 
participant location data to the formation models. 

2. The method of claim 1 further comprising: 
comparing the participant location data to play models 

based at least in part on the participant role data, the field 
data, and the formation data; and 

determining play databased on the comparing the partici 
pant location data and the formation data to the play 
models. 

3. The method of claim 1 further comprising: 
updating the formation models based on the formation 

data. 
4. (canceled) 
5. The method of claim 28 further comprising: 
updating the dynamics/kinetics models based on the par 

ticipant location data. 
6. (canceled) 
7. The method of claim 29 further comprising: 
updating the play models based on the play data. 
8. (canceled) 
9. An apparatus for generating formation data comprising 

at least one processor and at least one memory including 
computer program instructions, the at least one memory and 
the computer program instructions configured to, in coopera 
tion with the at least one processor, cause the apparatus to: 

receive participant location data determined based on tag 
derived data and participant role data; 

receive field data; 
compare the participant location data to formation models 

based at least in part on the participant location data, the 
participant role data, and the field data; and 

determine formation databased on the comparing the par 
ticipant location data to the formation models. 

10. The apparatus of claim 9 further comprising the at least 
one memory and the computer program instructions config 
ured to, in cooperation with the at least one processor, cause 
the apparatus to: 

compare the participant location data to play models based 
at least in part on the participant role data, the field data, 
and the formation data; and 

determine play databased on the comparing the participant 
location data and the formation data to the play models. 

11. The apparatus of claim 9 further comprising the at least 
one memory and the computer program instructions config 
ured to, in cooperation with the at least one processor, cause 
the apparatus to: 

update the formation models based on the formation data. 
12. (canceled) 
13. The apparatus of claim 31 further comprising the at 

least one memory and the computer program instructions 
configured to, in cooperation with the at least one processor, 
cause the apparatus to: 

update the dynamics/kinetics models based on the partici 
pant location data. 
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14. (canceled) 
15. The apparatus of claim 32 further comprising the at 

least one memory and the computer program instructions 
configured to, in cooperation with the at least one processor, 
cause the apparatus to: 

update the play models based on the play data. 
16. (canceled) 
17. A computer program product for generating formation 

data, the computer program product comprising a non-tran 
sitory computer readable storage medium and computer pro 
gram instructions stored therein, the computer program 
instructions comprising program instructions at least config 
ured to: 

receive participant location data determined based on tag 
derived data and participant role data; 

receive field data; 
compare the participant location data to formation models 

based at least in part on the participant location data, the 
participant role data, and the field data; and 

determine formation databased on the comparing the par 
ticipant location data to the formation models. 

18. The computer program product of claim 17 further 
comprising the computer program instructions at least con 
figured to: 

compare the participant location data to play models based 
at least in part on the participant role data, the field data, 
and the formation data; and 

determine play databased on the comparing the participant 
location data and the formation data to the play models. 

19. The computer program product of claim 17 further 
comprising the computer program instructions at least con 
figured to: 

update the formation models based on the formation data. 
20. (canceled) 
21. The computer program product of claim 34 further 

comprising the computer program instructions at least con 
figured to: 

update the dynamics/kinetics models based on the partici 
pant location data. 

22. (canceled) 
23. The computer program product of claim 35 further 

comprising the computer program instructions at least con 
figured to: 

update the play models based on the play data. 
24. (canceled) 
25. The method of claim 1 wherein the participant location 

data is further determined based on sensor data. 
26. The apparatus of claim 9 wherein the participant loca 

tion data is further determined based on sensor data. 
27. The computer program product of claim 17 wherein the 

participant location data is further determined based on sen 
Sor data. 

28. The method of claim 1 wherein determining participant 
location data further comprises: 

comparing the tag derived data and sensor derived data to 
participant dynamics/kinetics models, wherein the tag 
derived data is based at least on blink data associated 
with at least one tag: 

determining the participant location databased on the com 
paring the tag derived data and the sensorderived data to 
the participant dynamics/kinetics models; and 

determining the participant role data based on the deter 
mining participant location data. 
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29. The method of claim 25 further comprising generating 
play data, the generating play data comprising: 

comparing the participant location data and the formation 
data to play models based at least in part on the partici 
pant role data and the field data; and 

determining play databased on the comparing the partici 
pant location data and the formation data to the play 
models. 

30. The method of claim 1 further comprising generating 
sporting event analytics, the generating sporting event ana 
lytics comprising: 

receiving play data; 
determining output events based at least in part on the 

participant location data, the participant role data, the 
formation data, and the play data; 

storing the output events in a data store; and 
providing at least Some of the output events to one or more 

analytics systems or control systems. 
31. The apparatus of claim 9 further comprising the at least 

one memory and the computer program instructions config 
ured to, in cooperation with the at least one processor, cause 
the apparatus to: 

compare the tag derived data and sensor derived data to 
participant dynamics/kinetics models, wherein the tag 
derived data is based at least on blink data associated 
with at least one tag: 

determine the participant location databased on the com 
paring the tag derived data and the sensorderived data to 
the participant dynamics/kinetics models; and 

determine the participant role databased on the determin 
ing participant location data. 

32. The apparatus of claim 26 further comprising the at 
least one memory and the computer program instructions 
configured to, in cooperation with the at least one processor, 
cause the apparatus to: 
compare the participant location data and the formation 

data to play models based at least in part on the partici 
pant role data and the field data; and 

determine play databased on the comparing the participant 
location data and the formation data to the play models. 

33. The apparatus of claim 9 further comprising the at least 
one memory and the computer program instructions config 
ured to, in cooperation with the at least one processor, cause 
the apparatus to: 

receive play data; 
determine output events based at least in part on the par 

ticipant location data, the participant role data, the for 
mation data, and the play data; 

store the output events in a data store; and 
provide at least some of the output events to one or more 

analytics systems or control systems. 
34. The computer program product of claim 17 further 

comprising the computer program instructions at least con 
figured to: 
compare the tag derived data and sensor derived data to 

participant dynamics/kinetics models, wherein the tag 
derived data is based at least on blink data associated 
with at least one tag: 

determine the participant location databased on the com 
paring the tag derived data and the sensorderived data to 
the participant dynamics/kinetics models; and 

determine the participant role databased on the determin 
ing participant location data. 
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35. The computer program product of claim 27 further 
comprising the computer program instructions at least con 
figured to: 

compare the participant location data and the formation 
data to play models based at least in part on the partici 
pant role data and the field data; and 

determine play databased on the comparing the participant 
location data and the formation data to the play models. 

36. The computer program product of claim 17 further 
comprising the computer program instructions at least con 
figured to: 

receive play data; 
determine output events based at least in part on the par 

ticipant location data, the participant role data, the for 
mation data, and the play data; 

store the output events in a data store; and 
provide at least some of the output events to one or more 

analytics systems or control systems. 
k k k k k 


