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METHOD AND APPARATUS FOR
EVALUATING ATHLETES IN COMPETITION

BACKGROUND OF THE INVENTION

1. Technical Field

This invention relates generally to systems for tracking,
analyzing, and evaluating athletic performance in team
sports and displaying the evaluation results and more spe-
cifically to evaluating the performance of multiple football
players during actual competition.

2. Background

The performance of an individual athlete can be scien-
tifically evaluated by analyzing the motion of the athlete in
response to a defined stimulus. Given a particular stimulus,
an athlete’s responsive change of position over time can be
measured by a tracking system. These measurements are
useful for evaluating the performance of an athlete. Current
systems derive velocity, acceleration, and response time
from tracking system data. Some current systems use a
computer-generated “virtual opponent” shown on a screen in
a controlled manner to provide the stimulus. This allows
precise knowledge of the timing and dynamics of the
stimuli. After the stimulus is presented, the athlete’s motion
is tracked to measure the response.

A variety of tracking systems are currently available.
Target tracking methods span spectrums between purely
active tracking and purely passive tracking and between
cooperative and uncooperative targets. The term “target” as
defined and used herein refers to the person or thing sought
to be tracked. For example, an athlete is a “target” for
tracking purposes. Purely active tracking sends a signal into
the space potentially containing a target and receives a return
of the signal reflected by the target which is analyzed to
determine target location. Radar of the World War II era is
an example of purely active tracking. Purely passive meth-
ods rely on the target emitting a signal which a sensor can
discriminate from the background. Infrared optical trackers
may be purely passive trackers. A cooperative target is one
that assists the tracker. For example, attachment of a corner
reflector or an infrared beacon to the target would help,
respectively, radars and infrared optical sensors to track the
target.

For several purposes, it is desirable to track an athlete.
The data relating to the motion of an athlete over time has
been found useful in sports testing and training. Current
known systems track a single athlete. U.S. Pat. No. 6,308,
565 to French, et al., (Oct. 30, 2001) discloses a testing and
training system that tracks a single athlete to evaluate his
performance. French further discloses the use of commer-
cially available tracking systems using optical sensors.
French also discloses a game system “for determining
changes in an overall physical location of the respective
player in a respective defined physical space,” which tracks
physical movement of a player in a different (“respective”)
space and then puts the sum of all actions together in a
virtual reality game. U.S. Pat. No. 6,148,262 to Fry (Nov.
14, 2000) discloses a performance tracking device using
Global Positioning System (GPS) data in a personal com-
puter that moves with the athlete for jogging, bicycling, and
the like. U.S. Pat. No. 6,013,007 to Root, et al. (Jan. 11,
2000) discloses a personal athletic performance monitor that
uses GPS data and is carried by the athlete. The athlete can
later download the data into a computer for analysis. U.S.
Pat. No. 5,812,049 to Uzi (Sep. 22, 1998) discloses a system
for measuring the lap time of a swimmer at swimming

10

15

20

25

30

35

40

45

50

55

60

65

2

meets, the system comprising a plurality of tracking systems
each deployed in a lane. U.S. Pat. No. 5,825,327 to Krasner
discloses garments containing GPS receivers. The focus of
current systems is on individual athletic performance.

The methods known in the art do not meet all needs.
Current systems are inadequate to evaluate how an athlete’s
performance varies depending on his head-to-head competi-
tors and the athlete’s own team members with whom he
interacts directly during competition. For example, the per-
formance of an offensive right guard on a football team may
vary depending on who is playing offensive center and who
is playing offensive right tackle because the actions of
neighboring linemen must be coordinated to be effective.
Likewise, the performance of the athlete who is playing
defense opposite the offensive linemen of interest will affect
the performance of the offensive linemen. Coaches,
commentators, and fans would like to know what combina-
tion of players is the best match for a given combination of
competitors. Current systems do not answer this question.
Coaches must rely on experience and direct observation to
analyze performance. The resulting analysis is necessarily
highly subjective. The need for a way to objectively analyze
player performance in competition is unmet.

Another unmet need is the need to visualize the dynamics
of players in an actual, as opposed to simulated, competition.
While video images of players in motion do provide a lot of
information, it is desirable to enhance that information with
actual dynamic measurements. While such measurements
can currently be obtained in simulated laboratory settings,
current systems are not readily adaptable to making dynamic
measurements of athletes in actual competition. For
example, the invention of French, supra, uses optical sensors
tracking one athlete in a “respective space” containing only
one athlete. French’s system does not track a plurality of
athletes in the same space, as is required for tracking during
team competition. The optical sensors cannot keep the target
in view when other player’s interpose themselves between
the sensor and the target.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides a method and
apparatus for tracking athlete’s during team competition,
analyzing the performance of the athletes, and displaying
digital video images of the athletes along with selected
measured and derived data about the motion of the athletes.
In one embodiment, graphical icons representing movement
parameters are superimposed upon the video images of a
plurality of athletes during athletic play. In another
embodiment, the motion data of a particular athlete are
analyzed for a plurality of playing environments, including
teammates and opponents, to determine the conditions under
which the particular athlete excels or fails. In yet another
embodiment, combinations of moving picture images of
athletes and athlete motion data are provided to sports
commentators for display to television audiences. In a
particular embodiment, the images and data are provided to
sports fans at remote locations.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features and advantages of the
invention will be apparent from the following more particu-
lar description of specific embodiments of the invention, as
illustrated in the accompanying drawings, wherein:

FIG. 1 is a system diagram of an exemplary embodiment
of an athletic competition tracker;

FIG. 2 is a system diagram of another embodiment of the
competitive athlete tracker; and
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FIG. 3 is a system diagram of another embodiment of the
competitive athlete tracker;

FIG. 4 is a system diagram of an embodiment of a portion
of a competitive athlete tracker;

FIG. § is a system diagram of an embodiment of a portion
of a competitive athlete tracker;

FIG. 6 is an exemplary view of displays of an embodi-
ment of a competitive athlete tracker; and

FIG. 7 is an exemplary view of displays of an embodi-
ment of a competitive athlete tracker.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

Referring now to the figures, FIG. 1 shows a block
diagram of an exemplary embodiment of an athletic com-
petitive tracker 100 system. Tracking data 102 is generated
as the players (represented by X’s and O’s) play a game on
field 104. Tracking data 102 may be gathered by one of the
tracking systems known in the art. The generation of the
tracking data 102 may occur on the field 104 or elsewhere
in the tracking subsystem 110. In an embodiment using a
passive tracking subsystem 110, the tracking data 102 is
collected in sensors and created in processors that are off the
field 104. Tracking data comprises three spatial coordinates,
time, and a unique athlete identifier. In most embodiments,
the three spatial coordinates will be expressed in a right-
handed Cartesian coordinate system, but other orthogonal
coordinate systems will also serve. Non-orthogonal coordi-
nate systems may also be used, but generally require addi-
tional coordinates. In an alternate embodiment, two position
coordinates may be used for a game played on a flat field. In
another alternate embodiment, one position coordinate may
be used for a sport in which motion is confined to lanes.

In some embodiments, the tracking subsystem 110 com-
prises personal motion data collectors which move with the
players. The personal motion data collectors may be part of
the athlete’s uniforms. In a particular embodiment, the
personal motion data collector comprises at least one receiv-
ing antenna, at least one navigation receiver, at least one
transmitter, and at least one transmitting antenna. Naviga-
tion receivers are known in the art. For example, Global
Positioning System (GPS) receivers are a type of navigation
receiver. A receiver operating on a principle similar to GPS
(four-dimensional triangulation) but responsive to fixed
local beacons instead of satellites is an example of another
type of navigation receiver. Receivers responsive to local
beacons working on three-dimensional or two-dimensional
triangulation principles are also examples of navigation
receivers.

The personal motion data collector may be packaged in a
single discrete package or, in an alternate embodiment, it
may be at least one of distributed within and attached onto
the athlete’s uniform. The athlete should carry a receiving
antenna near his center of mass both front and back, as well
as a receiving antenna on or near his head. The plurality of
receiving antennas makes it less likely that measurement
data will be lost during play. In a particular embodiment, the
navigation receiver continuously updates an inertial naviga-
tion unit that is part of the personal motion data collector.
The inertial navigation unit comprises accelerometers that
measure the motion of the athlete. If the navigation signal is
momentarily lost, the inertial navigation unit continues to
measure the athlete’s motion.

A navigation receiver in the personal motion data collec-
tors of the tracking subsystem 110 converts signals from a
plurality of navigation beacons into tracking data 102. The
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tracking data 102 is then transmitted to receivers off the
field. In some embodiments, a transmitter in the personal
motion data collector may be a cellular telephone-based
transmitter or, in other embodiments, may have a separate
dedicated radio or other frequency. For example, infrared
transmitters may be used in some embodiments. To improve
performance for embodiments using cellular telephone
transmitters, a dedicated cellular telephone receiver, located
in the stadium, for example, may be included in the tracking
subsystem 110.

In embodiments using GPS signals in the tracking data
subsystem 110, the receivers may additionally use differen-
tial GPS for improved accuracy. Differential GPS uses a
fixed local beacon at known coordinates to measure the
geometric dilution of precision (GDOP) in the GPS signal,
calculate a correction, and broadcast that correction to local
GPS receivers, where the correction is added to the GPS
receiver result to create a higher-accuracy determination of
position and velocity. GDOP is a constantly varying function
of the instantaneous geometry of the constantly moving
constellation of GPS satellites.

In another embodiment, the tracking subsystem 110 com-
prises a passive tracking subsystem 110. Passive multi-target
tracking is easiest if all targets (here, athletes) have unique
signatures. A target’s signature is the energy that the target
emits and which the passive tracking sensor ultimately
receives. In an embodiment of a passive tracking subsystem
110 each athlete should have a unique passive signature. The
infrared signature of each athlete’s body heat is inadequately
unique or constant to allow a passive tracker to discriminate
one football player from 21 others during a play. In some
passive tracking embodiments, small infrared beacons, each
with a unique frequency or pulse repetition rate, can be fixed
to each athlete’s uniform as signature enhancements to
uniquely identify each athlete to a passive tracking sensor.
The tracking subsystem 110 comprises a plurality of passive
tracking sensors that gather the data for multi-dimensional
triangulations. In a particular embodiment, the tracking
subsystem 110 may be a software subroutine or object
operating in a computer, responsive to the inputs of sensors
(which may be configured as peripheral devices) to produce
tracking data. Generally, any of the subsystems of the
present invention may comprise software subroutines or
objects operating in a computer.

In most embodiments, the tracking subsystem 110
receives, decommutates, filters, time tags, sorts, and digi-
tally formats the tracking data 102 from the athletes on the
field 104. Decommutation and filtering may be performed in
the receiver. Each time tag is generated with the position
data from a clock synchronized to a master clock. The time
tag may be encoded in any convenient format. Sorting
separates the data by athlete identifier and puts the position
data in temporal sequence. In some embodiments, sorting
will be inherent. For example, if each athlete transmits
tracking data over a unique channel, the data arrives sorted
by athlete and time. For counter-example, in a passive
tracking system, the data may form in the tracking sub-
system 110 from all athletes randomly and the data may be
temporally scrambled by transmission and processing
delays. In some other embodiments, the tracking subsystem
110 creates and digitally formats the tracking data. The
digital formatting produces a data stream that is acceptable
for processing by the tracking data processing subsystem
120. The time tag is a datum indicating the time at which the
tracked athlete was in the position indicated by the time-
tagged tracking data 102. The tracking data 102, depending
on the tracking subsystem in use, may have very little
























