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Electronic Analysis of Athletic Performance

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from U.S. Provisional Application Serial

No. 61/028,823, filed February 14, 2008.

TECHNICAL FIELD

[0002] This document relates to systems and techniques for monitoring and

comparing certain aspects of athletic performance by a first athlete against other

athletes.

BACKGROUND

[0003] Athletics has become an integral part of society, with multiple

television channels dedicated to sporting events, with professional athletes

promoting all sorts of products, and with the public holding star athletes- both

amateur and professional - in high regards, so as to support financial rewards

such as college scholarships, sponsorship opportunities, and other revenue-

generating careers. With greater general attention on athletics comes greater

attention on improving athletic performance. Today's athletes, beginning as

early as the elementary school level, specialize in particular areas and train

year-round to improve their skills and their conditioning. With athletics leading to

a possibly lucrative career for some, and to academic assistance in the form of

scholarships to others, more and more athletes have looked to improve their

performance in various manners.

[0004] Good coaching and personal dedication are some of the best known

ways to improve an athlete's performance. A talented coach can often observe
i



subtle problems in an athlete's style of play, and can direct the player to correct

those problems. Likewise, a talented trainer can direct an athlete to follow

certain regimens to improve physiological weaknesses.

[0005] Despite the talent and experience obtained by many top coaches or

athletic experts, human perception can capture and fully appreciate only a small

subset of the factors that affect an athlete's performance. Thus, despite years of

observing how different athletes compete in a given sport or having competed

for many years themselves, the most highly skilled trainers and coaches still do

not have the ability to quantify very small differences in motion of what they see.

These differences in motion can be the most important elements in comparing

and diagnosing a player's skill. Also, techniques that rely on human observation

and judgment are prone to a high degree of opinion or bias based on the

perceptions of any single observer. This bias, and the wide variability of what

any given observer believes they are seeing, negatively affects the advice that

coaches and trainers can provide to athletes, and also negatively affects the

athletes' perception of the advice they are being given (i.e., an athlete may

ignore good advice if they think that the provider of the advice does not

appreciate their abilities).

[0006] In some sports that require a combination of physical athletic skill,

muscle memory, and hand-eye coordination skills to be used while

simultaneously moving an athletic object, such as a ball, while under pressure

situations, the ability to objectively quantify and compare discrete skill

differences between players is almost impossible using human perception. The

net effect of the inability to standardize the unseen elements of skill has been an

over-reliance on only the measurable physical aspects of certain sports, such as



athletic speed, strength, and jumping, which causes many highly skilled athletes

to be overlooked.

SUMMARY

[0007] This document describes systems and techniques that may be used to

quantify and benchmark an athlete's current skill proficiency using sensors that

capture discrete movements of an athletic device, such as a basketball or soccer

ball, while it is in motion so as to link athletic proficiency of the athlete to their

ability to control the athletic device, compare the related performance of the

athlete controlling the movement of the athletic device to the performance of

other athletes that has been aggregated to provide base performance indicators,

and to provide feedback for an athlete so that they can improve their

performance.

[0008] Motion-related data from the athletic device, such as acceleration and

rotation data, can be identified and compiled into meaningful samples, and the

samples can be compared to a large number of other samples collected in a

similar fashion from athletes having known skill levels. For example, the

characteristics of athletic performance for a certain action or athletic drill

performed while using the athletic device can be determined for each level of

play, e.g., grade school, high school, lower level college (e.g., division Il or junior

college), higher level college, professional, and elite or all star. Sampled data

for a particular athlete can then be compared to aggregated data, collected

using the same motion sensing technologies and while performing the same

drills in the same fashion, from other athletes that were known to be performing

at each of these levels, and a level of performance for the particular athlete may

thus be determined.



[0009] The drills can be predetermined and matched between and among

test subjects so that the resulting data can be matched and compared as

between individuals in a statistically significant manner. Drills are defined multi-

step physical processes that an athlete performs, such as dribbling in a

particular pattern, shooting a certain number of shots from a defined point on a

court, and running through a pattern, such as through cones or on a line that can

be applied to a floor.

[0010] As a result, such techniques can provide an indication to an athlete or

to recruiting personnel regarding the objective skill level at which the athlete is

performing, either for a particular skill set, or overall for an entire sport. In

addition, the results may provide constructive feedback by suggesting exercises

that the athlete can undertake to improve any deficiencies that the system

recognized when comparing the athlete's data to that of other athletes.

[001 1] In certain implementations, such systems and techniques may provide

one or more advantages. For example, athletes can be analyzed quickly by

being run through a number of drills that are instantly recorded and easily

transferred to a computing system. Also, the systems can record facets of an

athlete's performance that would not be observable by a coach watching the

athlete, particularly for fast-moving sports that require a combination of

athleticism, muscle memory, vision, and the like to succeed. In addition, the

analysis provided by the techniques provided herein can be consistent and

unbiased so as to provide high quality, objective analysis in a highly scalable

system without the need for personal training of numerous observers. For

example, motion sensing testing systems can be deployed nationally for

operation by technicians who have only limited amounts of training. The



analysis, like the data collection, can be unbiased and scalable, so that it can

give an athlete a fair evaluation without concern that assertions of favoritism will

be made, and can be completed without needing to train numerous analysts as a

system grows.

[0012] In one implementation, a computer-implemented athletic performance

analysis method is disclosed. The method comprises obtaining, at a computer

system, first motion data reflecting motion of a sporting device during one or

more drills performed by an athlete, and creating and storing action data by

identifying a plurality of portions of the motion data, where each of the portions

correspond to one or more actions by the athlete. The method also comprises

comparing the action data for the athlete, with the computer system, to

corresponding aggregated action data for a plurality of other athletes to

determine a relative skill level for the athlete with respect to the one or more

actions, and generating data for a report that reflects the relative development

level of the athlete. The method can also include capturing the motion data with

a plurality of motion sensors mounted inside a sporting ball. In addition, the

method can include wirelessly communicating the first motion data over a short-

range connection to the computer system.

[0013] In some aspects, the wireless communicating is instigated by a

request from the computer system to a controller in the sporting ball made

during period when the sporting ball is not capturing data. In certain aspects,

the method can also include determining a relative skill level for the athlete

corresponding to a first drill at a computer local to the sporting device, and

determining a relative skill level for the athlete corresponding to a subsequent

plurality of drills at a computer system remote from the sporting device. The



method can also include generating the report to a portable media to be

provided to the athlete, such as to paper or a flash memory device. The report

can include a ranking of the athlete within a continuum of athletic performance

and one or more instructions directed to reducing weaknesses identified in the

athlete's performance. Also, the method can include obtaining second motion

data reflecting motion of the sporting device during one or more drills performed

by the athlete at a time subsequent to obtaining the first motion data, and

performing a comparison of the athlete's performance between obtaining the first

motion data and obtaining the second motion data.

[0014] In some aspects, the method further comprises comparing information

from the first motion data and the second motion data to data representing

athletic development of an aggregated plurality of athletes, to generate a

predicted athletic performance trend for the athlete. The data for the report can

also represent an overall skill level for the athlete, and a plurality of levels for

each of a plurality of actions that were tested by the drills. In certain aspects,

the action data for the athlete and the aggregated action data for the plurality of

other athletes is matched to common portions of common drills performed by

each of the athletes.

[0015] In another implementation, a computer-implemented athletic

performance analysis system is disclosed, and comprises a data collection

interface in a computer system to obtaining first motion data reflecting motion of

a sporting device during one or more drills performed by an athlete. The system

also comprises a computer-implemented classifier to compare data

corresponding to the first motion data to corresponding aggregated motion data

for a plurality athletes to determine a relative skill level for the athlete with



respect a determine athletic skill. In addition, the system comprises a report

generator to generate data for a report reflecting the relative development level

of the athlete. The system can also comprise a classification rules generator to

identify common features for athletes of a known skill level and to generate rules

for determining how other athlete compare to the known skill level.

[0016] In some aspects, the classification rules generator comprises an

expert system that identifies common features in motion-related data from the

athletes of a known skill level and generates rules that are predictive for

classifying other athletes according to the known skill levels. The system can

also include a trend generator for analyzing the first motion data form the athlete

from a first time period and second motion data from a second time period for

the athlete, and comparing differences between the first motion data and the

second motion data to trend data for the athletes of known skill level to predict a

skill level for the athlete.

[0017] In some aspects, the system comprises a client computer subsystem

proximate to the sporting device and a server computer subsystem remote from

the sporting device, wherein the client computing subsystem is programmed to

provide the first motion data to the server computer subsystem, and the server

computer subsystem is programmed to provide to the client computer subsystem

the data for a report reflecting the relative development level of the athlete. The

server computer subsystem can include a demonstration mode in which data for

a first drill is analyzed and reported on, and a full test mode in which data for a

plurality of drills other than the first drill are analyzed and reported on. Also, the

client computer subsystem can include a wireless interface configured to

communicate with a motion sensing system inside the sporting device.



[0018] In yet other aspects, the system further comprises an accounting

module configured to correlate an identity of the client computing subsystem

with an account, and to debit an accountholder associated with the account for

the report. The report can also include a ranking of the athlete within a

continuum of athletic performance and one or more instructions directed to

reducing weaknesses identified in the athlete's performance.

[0019] In yet another implementation, an article comprising one or more

tangible computer-readable data storage media is disclosed. The media contain

program code operable to cause one or more machines to perform operations

that comprise obtaining, at a computer system, first motion data reflecting

motion of a sporting device during one or more drills performed by an athlete;

creating and storing action data by identifying a plurality of portions of the motion

data, where each of the portions correspond to one or more actions by the

athlete; comparing the action data for the athlete, with the computer system, to

corresponding aggregated action data for a plurality of other athletes to

determine a relative skill level for the athlete with respect to the one or more

actions; and generating data for a report that reflects the relative development

level of the athlete.

[0020] In another implementation, a computer-implemented athletic

performance analysis system is disclosed, and comprises a data collection

interface in a computer system to obtaining first motion data reflecting motion of

a sporting device during one or more drills performed by an athlete; means for

identifying a skill level for the athlete by comparing data corresponding to the

first motion data to similar data aggregated from a plurality of athletes of known



skill level; and a report generator to generate data for a report reflecting the

relative development level of the athlete.

[0021] The details of one or more embodiments are set forth in the accompa

nying drawings and the description below. Other features and advantages will

be apparent from the description and drawings, and from the claims.

DESCRIPTION OF DRAWINGS

[0022] FIG. 1 is a conceptual diagram of a system for electronically

measuring athletic performance and providing feedback on the performance.

[0023] FIG. 2A is a block diagram of an illustrative computer system for

comparing performance indicators for an athlete to aggregated performance

indicators for a plurality of other athletes.

[0024] FIG. 2B is a block diagram of a computer-based system for evaluating

athletic performance.

[0025] FIGs. 3A and 3B are flow charts of example processes for obtaining

motion data relating to an athlete's performance and providing reports and

recommendations in response to the athlete.

[0026] FIG. 3C is a flow chart of a process for capturing athletic performance

data for use with a videogaming system.

[0027] FIG. 4 is a swim lane diagram showing actions taken by components

in measuring individual athletic performance and comparing it to group athletic

performance.

[0028] FIGs. 5A-5C are example screen shots from a system that provides

reports and recommendations to athletes regarding their athletic performance.

[0029] FIG. 6 shows example athletic performance data.



[0030] FIG. 7 shows an example of a computer device and a mobile

computer device that can be used to implement the techniques described here.

[0031] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

[0032] This document describes systems and techniques for capturing and

evaluating athletic performance in a repeatable and objective manner by

measuring athletes who have been instructed to perform certain drills that match

drills that other athletes have also performed. In general, a sporting device such

as a basketball or other ball can be provided with, or be observed by, motion

sensors, such as accelerometers and angular rate gyros, to record data about

the manner in which an athlete manipulates the sporting device. Additional data

may be captured from the athlete, such as via laser-based motion recorders,

pressure sensitive pads, and shoe-based sensors. The athlete may be directed

through one or more drills, such as a dribbling or shooting drill, and their actions

may be recorded through the various sensors as they complete the drill. The

drill may be well defined so that the data that is captured may be compared to

other instances of the drill, including instances in which the same athlete

performed the drill at different periods ion time, and instances in which other

athletes performed the drill.

[0033] The motion data may be captured on a computer system in proximity

to the location where the athlete performed the drill. The capturing of the data

may occur, for example, via wireless communication between a sensor assembly

inside the sporting device and a wireless transceiver attached to a computer,

such as via a USB port or similar interface. The motion data may then be

transformed, sampled, and converted in various manners and may be compared



to data from other athletes that has been aggregated for later statistical or similar

analysis. The other athletes may have provided indications about their level of

athletic performance, such as whether they are varsity high school players,

junior college players, division I players, professional players, or other levels of

player. If those other athletes performed the same or similar drills under

controlled conditions (by being instructed by, and observed by, a technician to

ensure that they follow the appropriate steps of a drill), their aggregated data can

be compared to the data for the first athlete to determine where, on a continuum

of skill levels like that just described, the athlete falls.

[0034] Such an analysis may be simple, such as by being based on a single

drill, or it may be complex and involve a large number of drills that test a variety

of skill sets for an athlete. The simple testing may be conducted as an initial test

to see if an athlete is interested in further testing. For example, testing may be

provided at a public event like an AAU basketball tournament or a 3-on-3

basketball tournament. More complex testing may also, or alternatively, be

conducted. For example, athletes may attend more extensive testing at fixed

athletic facilities, such as facilities that are relatively common in major metro

areas. The additional testing may test a variety of drills that include tests for ball

handling, jumping, shooting, and other similar skills.

[0035] The test results may be generated at a central facility that is remote

from the various test centers. Such an arrangement may permit easy

deployment of the system, with sensor-fitted balls and wireless transceivers

being the only hardware that needs to be sent to remote sites in many

implementations. Client computers such as laptop computers may be provided

by a technician, and may communicate with a remote server over the internet,



including through a web browser that has a downloaded plug-in for controlling

communication with the sporting device and for uploading the gathered

information to the server.

[0036] The server may in turn include a web server, and the client computer

may receive information back in the form of an XML and/or HTML document that

can be shown or otherwise provided to the athlete, with a summary of the data

that was reviewed for the athlete, and a list of instructions and exercises for the

athlete in order for the athlete to address any weaknesses perceived from the

testing.

[0037] Athletes may also be encouraged to conduct testing at multiple

different time periods. Such testing may measure the relative progress that the

athlete has made. Such relative progress may also be compared to aggregated

data on the progress of other athletes. The evidence of progress for the

particular athlete may be fit in a number of known mathematical and statistical

manners so as to produce a prediction of the athlete's near term and longer term

expected progress if the athlete continues at a pace of development that

matches the development measure for other athletes of similar progression.

[0038] Referring now more particularly to the figures, FIG. 1 is a conceptual

diagram of a system 100 for electronically measuring athletic performance and

providing feedback on the performance. The system 100 generally includes a

sub-system that is local to one or more athletes who are being tested, and a

sub-system that is remote from the athletes and includes one or more servers.

Although a separated system is shown here, all of the processing for the system

may also be localized at a single location.



[0039] A separated system may provide a number of advantages, however.

For example, it may eliminate the need to deploy and maintain computers and

software in the field. Rather, only limited technology, such as one or more

sporting devices (e.g., balls, shoes, clubs, etc.) need be sent out, and software

may be downloaded to computers (such as laptop computers) that are already in

the field, such as via a web browser plug-in that manages communications with

the sporting device and uploads device data. As a result, a company operating

the system may reduce its capital costs significantly by using computers that are

already owned by field personnel and are being used for other purposes. In

addition, the company can better control who is using its technology, by

maintaining ownership, for example, of the sporting devices, so that a field

representative must return the device when their term of representation is over.

Also, when field deployment of software occurs via download over the internet, a

company can push out the programs more easily, and may also keep them

updated regularly with little effort. Moreover, such a separated system permits

the company to maintain better control over its analysis code so that the code is

not easily taken and provided to a competitor, and so that it can be updated and

kept fresh in a very controllable manner.

[0040] A hybrid approach to splitting the duties of the in-field sub-system and

a central sub-system can also be pursued. For example, a client device such as

a laptop computer may be provided with code and data that is sufficient to test

an athlete in one entry-level drill, such as dribbling a figure eight. Such

distribution of basic testing code may permit the testing to occur more quickly

and reliably than if a round-trip to a central server were required. Such reliability

can be important for entry-level testing also, because frequently such testing



would occur at various festivals and tournaments that are far from dedicated IT

equipment.

[0041] In the hybrid system, the server system could be used for subsequent

and more extensive testing, after athletes have been introduced to the system

and have decided they would like to receive additional testing and guidance. In

this manner, the system 100 can be introduced conveniently to athletes and they

can be given an inexpensive trial of the system's capabilities with the entry-level

drill. Although security may be compromised for testing of the one drill (because

the analysis code will have been sent to remote client devices), a competitor

could not make much from the one drill in any event, so the risk to security is

minimized.

[0042] In FIG. 1, the local computer sub-system is made up of a laptop

computer 108, a wireless transceiver 110, and a printer 112 . The computer 108

may take other forms and may be loaded with software to cause an athlete's

data (from the measured motion of a sporting device that the athlete

manipulated and/otr other sources) to be analyzed, and may cause reports to be

provided to the athlete. The computer 108 may be loaded with native

applications to receive such input and produce such reports, and to also analyze

the input data with respect to similar data from other athletes. Alternatively, the

computer 108 may be loaded with basic workplace applications, such as a web

browser, and the system 100 may provide a downloadable plug-in for the

browser that will control communications with the transceiver 110 and with a

server.

[0043] The transceiver 110 may take a variety of forms, and may be directed

to capturing motion data from a sporting device in the form of a basketball 104 in



this example. The basketball 104 may be of a common size and shape, and

may contain a sensor assembly that includes accelerometers and angular rate

gyros mounted inside it, in a way that does not interfere substantially with the

handling of the ball, to capture motion of the ball 104 in a manner that is usable

to the system 100. The transceiver 110 may in turn communicate with the

computer 108 in a familiar manner, such as through a USB port or the like, so as

to make relatively simple the use of the computer 108 with the system 100 to

capture motion data.

[0044] The printer 112 is shown as an example of one way in which a report

on an athlete's performance can be presented to the athlete. For example,

certain numerical figures or graphs may be generated to visually show where the

athlete scores on a continuum of skill levels. In addition, recommendations may

be generated in a textual format to be given to the athlete, with particular

instructions on how the athlete can improve their performance, including

suggested exercises or drills to perform in order to improve the athlete's muscle

memory for a particular task. For example, if the testing of an athlete indicates

that the athlete does not release the ball during a dribble with adequate velocity,

the system 100 can recommend drills and conditioning routines to address such

a situation.

[0045] In addition to being provided on paper from printer 112, information

may be provided to an athlete regarding his or her performance via other

mechanisms. For example, data for an athlete may be copied to a thumb flash

drive or other similar mechanism. The athlete may then return to a next testing

session and provide the memory mechanism for use in comparing the athlete's

skills at an earlier time to their current skills, and extending out any recognized



trends to give the athlete or someone reviewing the athlete an opportunity to see

if the athlete is similar in skills to other athletes who have excelled over time, or

have stalled and fallen behind comparable athletes.

[0046] The data for an athlete may also be stored in the system 100, and the

athlete may provide identification information in subsequent visits so that prior

test data for the athlete is joined with subsequent test data. Access to data may

be provided to the athlete via a message sent to the athlete (e.g., via text

message or e-mail) or by providing the athlete with log in credentials to a central

site. A combination of such methods for provided the athlete with access to the

data may also be employed. In addition, reporting tools may be provided under

any of the examples above, so that the athlete may return home and produce

custom reports and otherwise manipulate the data on their performance.

[0047] An athlete 102 is shown in FIG. 1 dribbling the basketball 104. For

example, the athlete may be instructed to dribble the ball in a figure-8 pattern

several times, or for a fixed number of times so as to record a statistically

relevant sample of items to record and analyze, while motion data is being

captured by sensors in the basketball 104 and perhaps via other sensors. The

athlete is also shown as performing on a pad 106. The pad 106 may be

pressure sensitive and may provide additional data that may be coordinated with

the motion data from the sporting device 104. For example, the relative timing

between up and down motion of a ball and contact timing of a basketball player's

feet may indicate certain room for improvement in the athlete's skill set.

[0048] In addition, other sensors may be employed along with the sensors in

the sporting device, such as laser location finders that may indicate the relative

positions of points on the athlete's 102 body, or motion data of the basketball



104 that cannot be fully captured by sensors inside the ball. Certain sensors

may also identify information relating to the actual time that a drill starts and

stops, or how quickly an athlete moved from point A to point B while

simultaneously controlling the athletic device, how consistently the athlete

handles the ball, the variability between dribbles, etc. Also, sensors may be

used to determine athleticism, such as in vertical jump tests, both to measure

the height of the athlete off the ground and to measure the acceleration of the

athlete off the floor.

[0049] The sensors may generate a variety of data types. The sensors can

measure athletic stride, number of impacts, change of direction, etc, while

sensors in a ball would capture the muscle memory skills associated with

handling the ball while moving in very quick and short bursts. Also, the timing of

data for various sensors may be aligned and synchronized so as to delver more

information on the athlete's performance. For example, laser-based sensors,

when combined with in-ball sensors, may provide an indication when a player

loses a dribble during a drill, even in situations where either sensor group alone

would not make the same determination.

[0050] Sensor-equipped specialized athletic devices that differ from the

corresponding devices that are used in competition may also be used for testing

athletes. For example, sensors may be provided in a weighted ball, and an

athlete may be directed to execute drills that can deliver predictive or diagnostic

data on a player's core strength. For example, the heavy ball can be thrown,

and the sensors can capture acceleration, distance, and speed. As another

example, an athlete can perform a series of repetitive drills with the torso, such

as situps. The sensors can measure force, acceleration or other movements,



the average and median of these measurements, and any degredation of these

elements over the course of the entire drill. These measurements can be used

to benchmark, compare, and predict core athletic strength that is critical in many

sports.

[0051] Certain of the information may be compared to aggregated data for

other athletes, while certain data may be provided in a form that does not involve

such comparison. For example, drills for particular skills may be compared to

other athletes, while core strength measurements may simply be provided in raw

for or in some revised form (e.g., on a scale of 1 to 10) but without the need to

place such numbers into some preexisting skill level relative to other athletes. In

this manner, various sorts of data may be made available for review by an

athlete or by others from a single location - whether the particular data is best

presented in comparison or as an absolute.

[0052] The local client sub-system may be connected to the server sub

system through a wireless connection, such as an aircard or similar structure or

a WiFi card and WiFi hot spot. A network 114, such as a cellular data carrier

network 114 may transfer the data and communicate through a network 116

such as the internet, to the server sub-system shown here as a single server

118, but which could include a large number of servers to receive various types

of requests. The server 118, as described in more detail below, will have

previously been provided with data reflecting skills for a number of other athletes

who already ran the relevant drill or drills. The previously processed data will

also indicate the skill level of several of the athletes.

[0053] The server 118 can thus compare the data representing the

performance of one athlete acquired by the client sub-system, to the information



that is aggregated for performances of a group of other athletes whose relative

levels of development are generally known. The server may then return to the

computer 108, through the networks 114 and 116, information that can reflect

such a determination and provide additional helpful data and advice to the

athlete. For example, the computer 108 may be used to print out a number of

pages of mark-up language material (e.g., HTML) that include data and graphs

to show the athlete what was measured from them, and what comparable values

have been observed for players from various levels of a sport. In addition,

various instructions can be provided in a similar manner, which the athlete can

take home with them and read to improve a particular skill set or drill. Such data

and reports may be provided via printer 112, or via an electronic file such as an

HTML or PDF file stored to removable portable media that is given to or

provided by the athlete. For example, a sponsor at an athletic event may supply

free flash memory containing the sponsor's name, and the data for an athlete

may be stored onto the flash memory by attaching the flash memory in a well-

known manner (e.g., through a USB port).

[0054] An athlete can also capture data to be used in customizing a

videogame experience. The athlete can first perform a variety of drills to obtain

statistics indicative of their overall current skill levels in a sport. They may then

have the figures loaded to portable memory devices that can be used with

videogame systems, whether console or PC. Such athletes may then load the

data to a game that involves an athletic performance that uses the skills tested

by the athlete, and their character or avatar in the game may perform according

to their actual real-world skill level, with multiple different variables being

identified to define the full performance palette for the athlete. In this manner,



friends may set up head-to-head battles in sporting games, where their own

personal skill levels affect how the simulated videogame contest will turn out.

The athletes may also thus be motivated to return for additional testing after they

have practiced so that they can have better baseline skill numbers that will

improve their performance vis-a-vis other players in the game.

[0055] FIG. 2A is a block diagram of an illustrative computer system 200 for

comparing performance indicators for an athlete to aggregated performance

indicators for a plurality of other athletes. In general, the system 200 is similar in

arrangement to system 100 in FIG. 1, but more detail is shown here about a

server system 202 that may be used to provide evaluation data for athletic

performance.

[0056] Starting at the client side and then moving to the server system 202,

there is shown a sporting device in the form of a basketball 228, which may

communicate motion data that is measured by sensors inside the basketball 228

with a wireless transceiver 226. The wireless transceiver 226 may in turn

provide the motion data to a computer 222 that may pass the information to a

network 220 such as the internet and/or a wireless network like a WiFi network

or cellular data network, and on to the server system 202. The computer 222 is

also provided with one or more output devices in the form of a printer 224 and

computer monitor, and may also have ports for writing to portable memory

devices carried by athletes who are tested by the system 200. The client-side

system in this example can be operated in a manner similar to the system 100

described in FIG. 1.

[0057] On the server side (which again, may include one or a number of

server computers, including web servers, database servers, and other



computers), the server system 202 includes a number of components to assist in

processing data regarding athletes' performance in a number of drills (which

may be among a number of additional components that are omitted here for

clarity)

[0058] First, a number of data stores 2 12-21 8 hold data that is relevant to the

athletic evaluation functions. For example, a classified data store 2 12 includes

information from past athletes whose performance data has been generated and

who are classified into certain skill levels. The data may be aggregated from

across a large number of athletes so as to make the data meaningful. Also,

each set of data may be correlated to a particular drill or exercise performed by

the athlete, so that the data can be properly compared to data for other athletes

that performed a matching drill or exercise. (A matching drill is a drill that is the

same as a first drill or that includes some substantial superset or subset of the

first drill.)

[0059] Classification rules dataset 214 may store data representing rules that

are derived from analyzing the classified data, and may include heuristic rules or

other rules to apply to incoming data to determine an appropriate skill level of an

athlete who generated the data. For example, a set of rules may be combined to

determine a skill level of a freethrow shooter, such as the number of times a free

throw rotates and the hangtime and entry angle of a free throw,.

[0060] Client data datastore 2 16 may store two or more types of data. For

example, it may store information about the particular client computer 222 that is

sending testing data to the server system 202, such that an account associated

with the computer 222 or with a login made through the computer 222 can be

debited. Such debiting may occur where an operator of the client system



collects money for providing the testing services, and some of the money is to

then be provided to the organization running the server system. In such a

manner, the central system may best be able to audit the operations of field

personnel and to track accounting functions properly (because it will know the

number of transactions). The client data may also relate to athletes that have

used the system 200. Such client data may include raw motion data that has

previously been uploaded in combination with an ID for the particular athlete, in

addition to a history that summarizes tests and drills the athlete has completed,

and reports and recommendations that have previously been provided to the

athlete. Storing such data may permit the system 200 to provide ongoing

support to an athlete as they develop, including by providing reports that show

past progress of the athlete at certain tasks, and projections for the athletes'

development with respect to those tasks.

[0061] A reports data store 2 18 stores formats for various reports that may be

provided to athletes or advisers to athletes. The reports may take a variety of

forms, such as tabular data comparing an athlete to other athletes or groups of

athletes, graphs making similar comparisons, and textual reports providing

recommendations for drills and exercises that an athlete may undertake to

improve his or her performance (See, e.g., FIGs. 5A-5C). In addition, the

reports can include tracking modules that can be downloaded to a portable

media owned by the athlete, where the athlete may track developmental

milestones using the modules. For example, an athlete can enter the

completion of certain exercises and the results of exercises that the athlete has

completed, and the module may communicate with the system 200, either

immediately (e.g., to schedule follow up testing when the athlete's results



indicate that they may be ready to enter a new level of development) or the next

time the athlete comes in for testing. Tracking actual activity of the athlete may

improve the advice given to the athlete. For example, if the data indicates that

the athlete has worked very hard on a particular skill set or muscle group, but is

not showing development at a sufficient level, the routine for the athlete may be

changed by identifying the athlete as sharing characteristics with a different

group of athletes who previously responded poorly to one routine, but responded

better to a different routine.

[0062] Other components shown in the figure provide particular functionality

for the server 202. For example, a data collection interface 204 may obtain

uploaded data about athletic performance form the computer 222. Such an

interface may take a variety of forms, including as a web server that serves

forms that a technician may fill out for each athlete (e.g., to include identification

information and information about the drill or drills performed by the athlete), and

that include selectable controls that cause data from the basketball 228 to be

gathered and then uploaded to server system 202.

[0063] The data collection interface 204 may also screen uploaded data to

ensure that it matches an appropriate profile for any particular drill that the data

supposedly represents. For example, the interface may test to ensure that the

data represents a long enough time period, an appropriate number of dribbles,

appropriate motion data for the drill (e.g., there should be some bouncing for a

dribbling drill), and may provide an alert back to a technician (e.g., to repeat the

testing) if the data does not appear to be proper data.

[0064] A classification generator 206 develops rules for placing athletes into

particular rankings or classifications relative to other athletes of known



classification. The rules are selected so as to provide statistically predictive

indicators of real athletic performance that can be derived from motion data and

other data compiled from athletic drills. The classification generator 206 may,

for example, receive motion data from a large plurality of athlete who have been

classified as falling into particular skill levels. The classification generator 206

may analyze the data in various known mathematical manners to identify

correlations between data points for athletes of a particular skill level or similar

skill levels. For example, the classification generator 206 may recognize that

athletes of a particular skill level frequently dribble a basketball according to a

particular time pattern, or that the ball spends a certain amount of time cradled in

their hands during a dribbling exercise. Where the athletes provided their data

in a controlled manner by conducted a predefined and repeatable drill, such

correlations can be determined to have significance, and can then be made into

classification rules by the classification generator 206.

[0065] The rules for classification may also be generated with manual input.

For example, an operator of a system may determine particular aspects of

performance that have been correlated with an athlete's skill level. They may

then test a number of athletes at known skill levels to identify values for that

aspect of performance at each skill level (and to confirm that there is a

correlation between the values of the aspect and skill level), and may store the

measured figures for that aspect of performance.

[0066] A classifier 208 in the system 200 uses such rules, in whatever form

they may be provided, to classify future athletes according to the strengths,

abilities, and weaknesses. The classification may occur according to heuristics,

by a degree-of-match determination across multiple factors to corresponding



data for athletes of known skill level, or by other acceptable mechanisms. Such

classification may occur by obtaining data relating to measured motion data for a

new athlete in predefined drills that correspond to the drills performed by the

prior athletes of known skill level.

[0067] The classifier 208 may also include a trend analyzer that may

correlate an athlete's data at different points in time, to the performance data of

other athletes at different points in time. Thus, the other athletes may have been

tested over time, and may be provided with identification numbers so that the

different testing can be matched (though the identities of the athletes themselves

may be anonymized). Various trending techniques may be performed to find

prior athletes who trended in particular manners for one skill or a predefined

group of skills that has been determined to develop in parallel. The new athlete

may also provide information about their skill level, which information may be fed

back into the system 200, where the new athlete will joint the ranks of the

preexisting athletes of known skill level. Classification and comparison may thus

be completed again to strengthen the system's rules as time moves on and

additional athletes are added to the system.

[0068] A report generator 2 10 may take raw data from the classifier and

merge it with format data from the reports data store 2 18 . Various pre-existing

report formats may be used, and each athlete may be provided with a variety of

reports, where the number and detail of the reporting may depend on a level of

service purchased by the athlete. For example, basic data from a number of

athletes for a particular skill may be pulled from the client data data store 216

(along with indicators of the skill level of the athletes), and corresponding data

for the current athlete may be placed in line with that other data. The current



athlete may thus readily see how he or she stacks up relative to others in skill

level, and with respect to the particular drill. For example, an high school athlete

may perform at a division Il college level for a certain drill and may readily see

how they fit with other division Il players in that regard, though they may match

to junior varsity players with respect to another drill or skill set. Such feedback

can be very helpful is letting the athlete determine where they should focus their

training.

[0069] An athlete can also identify a group with which they would like to be

compared. For example, a high school athlete may wish to be compared to all

other athletes who have tested on the system in their region or section. Or they

may wish to be compared to other athletes on their team. Such identifications of

athletes as belonging to certain geographical groups may be used in addition to

identifying them as belonging to certain developmental groups.

[0070] Also, an athlete can provide information to third parties to permit

access to part or all of their testing data. For example, an athlete who is testing

at a division Il level on certain skills may provide access to a recruiting coach at

a division I school to show the coach how the athlete has made great strides in

those areas, and thus will be at a division I level by the time they start playing

college sports.

[0071] Thus, by using system 200, various athletes can obtain both quick and

minimal feedback, and longer and more in-depth feedback, on their athletic

performance in a convenient manner. The system 200 may provide objective

reviews for certain aspects of athletic performance that may then serve as a

baseline for more objective review of the athlete (e.g., where tests do not reflect

heart or leadership ability).



[0072] FIG. 2B is a block diagram of a computer-based system for evaluating

athletic performance. The system in this example is similar to that shown in

FIGs. 1 and 2A, but is focused more on the organization of an operational

system rather than on the technical provision of data to athletes. The system is

focused around a skill database. The skill database stores data of various kinds

that reflects performance of a large number of athletes of different skill levels for

a number of consistently-applied drill and other activities. The data may reflect,

for example, motion data collected from sensors in an athletic device that is

separate form an athlete, such as a soccer ball or basketball, and sensors

attached to the athlete, such as on a vest or in a shoe or shoes. Certain of the

athletes represented in the skills database may have their relative skill level

associated with each round of testing, such as according to gross levels (e.g.,

grade school, high school, college, professional, etc.) or at a more detailed level

(e.g., ranked at many levels, and perhaps having different ranks for different

drills or skill sets). Other of the athletes may not have an assigned skill level, but

may instead be looking to have the system tell them where they stand with

respect to the skill levels of other typical users.

[0073] Testing and reporting for athletes is shown to the left of the skill

database. In this example, two types of operators are identified as having

access to the skill database for providing athletes with evaluation data. First,

independent test centers may provide testing and evaluation to members of the

general public. They may have client systems like those discussed above, to

collect the data from athletes such as youth athletes at camps, performance

improvement centers, and the like, and may deliver reports and



recommendations to the athletes. They may also collect payments from the

athletes and remit portions of the payments to an operator of the skill database.

[0074] The second type of operator is the national accounts operator. Such

operators may provide premium testing services and may be more closely tied to

an regulated by the operator of the skill database. Such operators may visit

important accounts such as college sports teams, and may conduct mass testing

of athletes for such teams. Again, they may provide the raw data for the testing

to the operator of the skill database, and may receive report and

recommendation data in return. In such situations, the reports may be more

detailed, and may also include grouped reporting functionality. In particular, if a

team is tested and the testing indicates a pronounced occurrence of a certain

weakness in members of the team, the coaching staff or conditioning staff may

add drills or exercises to address the weakness on a more global scale, rather

than simply for a particular athlete.

[0075] The skills database may also be accessed, sometimes for a price, by

other organizations that do not collect data on athletes, as shown to the right of

the figure. First, recruiters may access data in the skill database to help them

make decisions about recruitment. Each athlete may identify, to the system, the

schools to which they are applying, and each of the recruiters for such schools

may register with the system in a manner that identifies them as being related to

their school, and thus gives them access to data for athletes that have identified

themselves as being interested in the school. The recruiters may be provided

with tools that allow them to see testing scores for various athletes side-by-side,

so that they can better compare their prospects.



[0076] Athletes may also include ancillary data for such a system, to be

reviewed by recruiters. For example, each athlete may be provided with a

Preformatted home page where they can post information about their academic

success (e.g., their grades and volunteer work) and video highlights of their play

(or links to video sites that house the highlights). Links may be provided to such

pages so that recruiters may obtain a more complete picture of a recruit. In this

manner, the system can serve as a national clearinghouse for athletes

interested in collegiate opportunities.

[0077] As shown in the figure, advertisers or other third parties may be

interested in accessing the system. Advertisers, for example, may wish to

promote products, such as sports drinks, to user who access the system. In

addition, advertisers may wish to identify athletes that identify themselves as

using the advertisers' products so as to establish a connection between

exceptional performance and the products. In addition, advertisers may wish to

review anonymized athletic performance information to determine where in the

country certain users are most interested in such testing, so that the advertisers

may target their budgets to such areas.

[0078] FIGs. 3A and 3B are flow charts of example processes for obtaining

motion data relating to an athlete's performance and providing reports and

recommendations in response to the athlete. FIG. 3A generally shows actions

for testing an athlete and then providing a report and recommendation to the

athlete based on that testing. FIG. 3B generally shows a two-part process of

obtaining testing data for certain athletes so as to train a system, and then

obtaining testing data for other athletes so as to slot those later athletes into an

appropriate skill level based on the data that has previously been obtained.



[0079] Referring now to FIG. 3A, a first action involves obtaining motion data

for an athlete from a ball or other athletic device, in addition to other data

describing an athlete's performance (box 302). The action of obtaining the data

may involve a server system communicating with a client computer like that

discussed above to obtain information for an athlete. The gathering of the

information may first have involved registering the athlete into a system such as

one of the client systems discussed above, and then having the athlete perform

a predefined drill while sensors collect data on the athlete's performance.

Sensor systems may have stored the data and then relayed it to the client

computer. Where there are multiple sensor systems, the client computer may

have combined the information and forwarded it to the server system.

[0080] At box 304, the motion data is aligned to particular tasks and is then

sampled. For example, in a free throw shooting exercise, player may dribble the

ball one or more times before shooting and may pause different amounts of time

before shooting. Such delays need to be normalized out of a system so that

common parts of the drill may be compared as between multiple athletes. Also,

all of the data in the drill is not relevant to all analyses. For example, one

analysis may be interested only in the amount of time a ball stayed in a player's

hand during a dribble, so the multiple instances of such activity may be extracted

or sampled from the raw test data.

[0081] At box 306, the athlete's data is compared to aggregated data from

other athletes. These other athletes may have provided a system with their

current skill levels, and thus, the athlete under test may be placed in a skill level

of other users who had similar performance on the particular drill. Certain

aspects of the drill (e.g., time in hand for a dribble, number of bounces of the



dribble, etc.) may be combined to reach a composite evaluation, and data from

multiple drills may also be combined (e.g., for ball handling characterization

under a number of different situations).

[0082] Modes of improvement are identified from the comparison at box 308.

For example, if a dribbling exercise indicates a muscular weakness in a player

(because release velocity is lower than normal), the system may identify a

weightlifting regimen that has been determined to strengthen muscles related to

release velocity. Other modes of improvement may also be identified, and

actions to result in the improvement may be found.

[0083] At box 3 10, a report and recommendations for the athlete are

generated. The report and recommendations may be in the form of an electronic

document, such as an HTML document, that displays data for the athlete's

testing regimen along with data for comparable athletes who have undergone

the same regimen. In addition, graphical comparisons may be made, and text

write-ups may be provided from pre-existing modular report components to give

the athlete advice on steps that they can take to improve their athletic

performance.

[0084] In FIG. 3B, training of a system is followed by testing of an athlete of

unknown skill or skill level. At box 3 12, motion data form athletes of known skill

levels is obtained. Such data may be generated by having the athletes complete

questionnaires about their level of play (e.g., are they in high school, are they all-

conferences, what is their scoring, assist, and rebound average, etc.) and then

running the athletes through predetermined drills while collecting data regarding

the athlete's performance in the drills, such as motion data of a ball manipulated

by the athletes. Each of the athlete's data 314 may then be parsed for analysis,



such as by aligning the data and sampling the data for the portions of a drill that

are relevant to a particular task. In this manner, the data may be prepared for

an accurate apples-to-apples comparison between and among different athletes.

[0085] At box 3 16, correlations are identified for sampled data for each task

on which the system is testing. The tasks may be pre-identified by operators of

the process, such as when it is known that a certain parameter closely correlates

with improved athletic performance.

[0086] In other situations, experts systems or other learning systems may be

used to identify correlations in data, and thus to identify correlations that

operators of a system may not have previously recognized as being correlated

to improved athletic performance. For example, perhaps certain top level

athletes have a particular hitch in their dribble that allows them to control a ball

better without being called for carrying it. Such a hitch may be imperceptible to

human observation but may be picked up by motion sensors, and identified by

such a learning system.

[0087] Where the identified correlations are strong enough to infer some level

of causation between the tested factors and actual athletic excellence,

correlation rules may be defined, at box 3 18 . These rules may take into account

a number of factors form the observed athletic performance data and may

generate one or more indicators of true athletic performance for comparison to

other test data.

[0088] Various machine learning techniques may be used to develop rules

that best match correlations that appear in the data of athletes having known

skill levels. For example, various well understood techniques may initially be

employed to identify aspects of the motion data that may be indicative of



performance. Data for those particular aspects may be isolated by aligning the

data for different athletes and then focusing on a time window immediately

around the relevant data.

[0089] With such sampled data points identified, the data may be used to

train a classifier system. For example, a number of candidate weak classifiers

may first be identified, where weak classifiers can be analogized to small rules of

thumb that may or may not be predictive of performance, but are at least

somewhat predictive in some circumstances. The weak classifiers may be

recursively applied to examples of the sampled data using a boosting technique,

such as Adaboost, to develop a strong classifier that may be a combination of

the weak classifiers that have been determined to be "best." Additional post

processing clean up may also be performed on the data to better develop a

strong classifier.

[0090] After this training period on the dats from athletes of known skill level,

the strong classifier may be applied to data from athletes of unknown skill level.

Such a process may be used to fit the new athlete into the prior athletes so that

a strong, objective comparison can be made by the system. Other various

known techniques for identifying appropriate portions of the data set to test, and

for fitting that data for a subsequent user with data for prior users may also be

employed.

[0091] The data developed thus far may then be used in a run time phase to

measure the performance of other athletes. At box 320, data for such an

unknown athlete is obtained, and at box 322, the data is parsed, filtered, or

otherwise sampled, in a manner that matches that for the prior athletes in box

314. The correlation rules defined in box 318 may then be applied for the



identified tasks to the data for the unknown athlete (box 324). The rules may

then place the unknown athlete within performance indicators for athletes of

known developmental or skill level (from the first phase), and the unknown

athlete may be classified as having a skill level comparable to those other

athletes (box 326). Finally, a report and recommendation for the athlete may be

provided (box 328). The report may be provided, for example, from a server

system over a network to a client computer, and may in turn be provided from

there to the athlete for their review.

[0092] FIG. 3C is a flow chart of a process for capturing athletic performance

data for use with a videogaming system. In this example, the videogame will be

a playground basketball game for one-on-one or two-on-two play. The system

may be enhanced by defining the abilities of each player in the game according

to the real-world abilities of the person controlling the player. Thus, for example,

if one person dribbles strong to the right and weak to the left, their avatar in the

game will do the same. Such a system may be particular interesting to players,

as it recreates real world head-to-head competition but in a more convenient

format (e.g., players can play at night after a gym is closed, and over a network

from their respective homes).

[0093] At box 330, motion data from a ball and/or other sources is obtained

for a particular player, such as in the manners discussed above. At box 332 ,

the motion data is aligned to particular tasks (e.g., ball release on a dribble) and

is sampled for the particular task. At box 334, the motion data is converted into

athletic performance indicators, as in manners like those discussed above.

Thus, for example, a player may be given a score from 1 to 100 for certain

aspects of basketball play, such as a "first step" speed to the left and the right.



Such scores may be stored as parameters for predefined fields that are

supported by a videogame for the users. At box 336, the indicators are copied

to a portable media of one of the players, such as to a flash memory by a client

computer like that shown above, or by network download from a system such as

that shown in FIGs. 1, 2A, and 2B. The player/athlete may then carry the

portable storage media to their gaming system (unless a network download

occurred directly to the system), where the parameter values may be loaded into

a game in a familiar manner. At box 340, the performance of an avatar in a

game is modified using the performance indicators derived from the player's

actual testing.

[0094] FIG. 4 is a swim lane diagram showing actions taken by components

in measuring individual athletic performance and comparing it to group athletic

performance. The particular actions are similar to those discussed above, but

show an example of how particular actions may be performed by various

portions of a system. At box 402, motion for a drill is sensed and motion data is

stored (e.g., from an in-device sensor assembly and/or from sensors outside the

device). At some later point, such as after the drill or drills are complete, the

client computer probes or interrogates the ball (box 404) and the ball responds

by transmitting the data to the computer (406).

[0095] The computer than receives and stores the data (box 408). The drills

represented by the data may have been performed in a particular order

according to a program being followed by the technician that is running the

system and instructing the athlete. Thus, if multiple drills were performed, that

may be parsed out into their individual components at this or another stage for

more accurate analysis. At box 410, the client computer performs a simplified



analysis and generates a report. Such actions may simply include posting the

athlete's identifying information into a ranking of skill levels that may be

displayed on a tote board at the site of the testing. Such posting may allow

athletes at a competition to see where they stand relative to other athletes that

have tested at the same event, and may encourage other athletes to try the

testing service.

[0096] The remaining boxes show actions at a subsequent time, such as

several days after the first actions. At box 4 12, motion is again sensed relative

to the athlete's performance, and motion data is stores. At box 414, a client

computer (which may be the same as or different than the client computer in the

first instance) may probe the ball, the ball may in turn transmit the data (box

416), and the computer may receive and store the data, perhaps including by

parsing or otherwise reformatting the data (box 418). In this instance, the drills

that were tested are more extensive than in the first instance, so the client

computer uploads the data (box 420) to a remote server system that in turn

receives and stores the data (box 422). The server system may associate the

data with multiple identifiers, including an identifier for the athlete (so that the

athlete's data may be compared to other data on that athlete so as to judge the

athlete's progress) and for the operator of the client computer (so that

appropriate accounting activities may take place relative to that entity).

[0097] At box 424, the server system classifies the athlete in comparison to

other athletes using aggregated athletic performance data for those other athlete

performing matching drills at a prior time period. Such classification may occur,

for example, using the techniques described in detail above. The server system

may also generate information to be reviewed by the athlete or a third party,



such as reports and recommendations (box 426) and may, in appropriate

implementations, return that information to the client computer, where it may in

turn be provided to the athlete in various manners (box 428). The information

may also be returned to the client directly, such as by the client accessing a

message sent by the server system and/or by the athlete logging into an on line

account with a company that operates the server system.

[0098] FIGs. 5A-5C are example screen shots from a system that provides

reports and recommendations to athletes regarding their athletic performance.

In FIG. 5A, data is shown in a general tabular reporting format for testing at

different points in time for a number of drills. The athlete can review such data

to see where they stand vis-a-vis other athletes and to see their relative

progress over time. The report first provides a number of general descriptive

figures at the top, to provide some background on the athlete. The report them

shows testing data for various skill sets, including some that are aimed more

directedly at core athleticisms and others that are directed to finer skills. A skill

prediction is provided in a familiar form, with an indication of how string the data

indicates such a prediction to be, At the bottom of the report, development of

the particular athlete is shown, where the athlete has been tested multiple times.

[0099] In FIG. 5B, the athlete's comparison to other athletes is a central

focus. The athlete is shown data that describes how they compare to various

percentiles of other athletes at the competitive level. The comparison can be cut

along different dimensions, such as age group, height group, and geographic

zones (e.g., local, regional, state, and national).

[00100] In FIG. 5C, a textual recommendation is provided to the athlete, so

that the athlete may review it and train to improve weaknesses that the system



identified in their performance. Here, the system recommends additional work

directed to improve the speed with which the player releases a jump shot,

among other things.

[00101] FIG. 6 shows example athletic performance data collected from

players performing a basketball drill using a basketball having three gyro

sensors and three accelerometers. One gyro sensor records and reports tilt, a

second records and reports pitch, and a third records and reports yaw. The

three accelerometers record and report acceleration measured in g forces in all

three planes. The gyro sensors and accelerometers can be configured onto a

circuit board that is placed into an athletic device (e.g., a basketball) in a manner

such as those described in U.S. Patent Nos. 7,021 ,140 and 7,234,351 .

[00102] The data regarding tilt, pitch, and yaw can be compiled to create a

spin composite as shown in the first column of panels (top and bottom) of FIG. 6 .

The spin composite allows for the detection and assessment of spin reversals.

The data regarding acceleration can be compiled to create a force composite as

shown in the second column of panels (top and bottom) of FIG. 6 . The force

composite allows for the detection and assessment of acceleration forces placed

on an athletic device in three different axes. The spin and acceleration

composites can be used individually or in combination to provide performance

information about a player's ball handling, ball shooting, and ball kicking (in the

case of soccer) abilities. The top panels (player # 1) show the spin composite

data and the acceleration composite date for a division Il player having superior

muscle memory and ball handling ability. The bottom panels (player #2) show

the spin composite data and the acceleration composite date for an average

high school player.



[00103] FIG. 7 shows an example of a generic computer device 700 and a

generic mobile computer device 750, which may be used with the techniques

described here. Computing device 700 is intended to represent various forms of

digital computers, such as laptops, desktops, workstations, personal digital

assistants, servers, blade servers, mainframes, and other appropriate

computers. Computing device 750 is intended to represent various forms of

mobile devices, such as personal digital assistants, cellular telephones,

smartphones, and other similar computing devices. The components shown

here, their connections and relationships, and their functions, are meant to be

exemplary only, and are not meant to limit implementations of the inventions

described and/or claimed in this document.

[00104] Computing device 700 includes a processor 702, memory 704, a

storage device 706, a high-speed interface 708 connecting to memory 704 and

high-speed expansion ports 7 10, and a low speed interface 7 12 connecting to

low speed bus 714 and storage device 706. Each of the components 702, 704,

706, 708, 7 10, and 712, are interconnected using various busses, and may be

mounted on a common motherboard or in other manners as appropriate. The

processor 702 can process instructions for execution within the computing

device 700, including instructions stored in the memory 704 or on the storage

device 706 to display graphical information for a GUI on an external input/output

device, such as display 716 coupled to high speed interface 708. In other

implementations, multiple processors and/or multiple buses may be used, as

appropriate, along with multiple memories and types of memory. Also, multiple

computing devices 700 may be connected, with each device providing portions



of the necessary operations (e.g., as a server bank, a group of blade servers, or

a multi-processor system).

[00105] The memory 704 stores information within the computing device 700.

In one implementation, the memory 704 is a volatile memory unit or units. In

another implementation, the memory 704 is a non-volatile memory unit or units.

The memory 704 may also be another form of computer-readable medium, such

as a magnetic or optical disk.

[00106] The storage device 706 is capable of providing mass storage for the

computing device 700. In one implementation, the storage device 706 may be

or contain a computer-readable medium, such as a floppy disk device, a hard

disk device, an optical disk device, or a tape device, a flash memory or other

similar solid state memory device, or an array of devices, including devices in a

storage area network or other configurations. A computer program product can

be tangibly embodied in an information carrier. The computer program product

may also contain instructions that, when executed, perform one or more

methods, such as those described above. The information carrier is a computer-

or machine-readable medium, such as the memory 704, the storage device 706,

memory on processor 702, or a propagated signal.

[00107] The high speed controller 708 manages bandwidth-intensive

operations for the computing device 700, while the low speed controller 7 12

manages lower bandwidth-intensive operations. Such allocation of functions is

exemplary only. In one implementation, the high-speed controller 708 is coupled

to memory 704, display 7 16 (e.g., through a graphics processor or accelerator),

and to high-speed expansion ports 710, which may accept various expansion

cards (not shown). In the implementation, low-speed controller 7 12 is coupled to



storage device 706 and low-speed expansion port 714. The low-speed

expansion port, which may include various communication ports (e.g., USB,

Bluetooth, Ethernet, wireless Ethernet) may be coupled to one or more

input/output devices, such as a keyboard, a pointing device, a scanner, or a

networking device such as a switch or router, e.g., through a network adapter.

[00108] The computing device 700 may be implemented in a number of

different forms, as shown in the figure. For example, it may be implemented as

a standard server 720, or multiple times in a group of such servers. It may also

be implemented as part of a rack server system 724. In addition, it may be

implemented in a personal computer such as a laptop computer 722.

Alternatively, components from computing device 700 may be combined with

other components in a mobile device (not shown), such as device 750. Each of

such devices may contain one or more of computing device 700, 750, and an

entire system may be made up of multiple computing devices 700, 750

communicating with each other.

[00109] Computing device 750 includes a processor 752, memory 764, an

input/output device such as a display 754, a communication interface 766, and a

transceiver 768, among other components. The device 750 may also be

provided with a storage device, such as a microdrive or other device, to provide

additional storage. Each of the components 750, 752, 764, 754, 766, and 768,

are interconnected using various buses, and several of the components may be

mounted on a common motherboard or in other manners as appropriate.

[001 10] The processor 752 can execute instructions within the computing

device 750, including instructions stored in the memory 764. The processor may

be implemented as a chipset of chips that include separate and multiple analog



and digital processors. The processor may provide, for example, for

coordination of the other components of the device 750, such as control of user

interfaces, applications run by device 750, and wireless communication by

device 750.

[001 11] Processor 752 may communicate with a user through control interface

758 and display interface 756 coupled to a display 754. The display 754 may

be, for example, a TFT LCD (Thin-Film-Transistor Liquid Crystal Display) or an

OLED (Organic Light Emitting Diode) display, or other appropriate display

technology. The display interface 756 may comprise appropriate circuitry for

driving the display 754 to present graphical and other information to a user. The

control interface 758 may receive commands from a user and convert them for

submission to the processor 752. In addition, an external interface 762 may be

provide in communication with processor 752, so as to enable near area

communication of device 750 with other devices. External interface 762 may

provide, for example, for wired communication in some implementations, or for

wireless communication in other implementations, and multiple interfaces may

also be used.

[001 12] The memory 764 stores information within the computing device 750.

The memory 764 can be implemented as one or more of a computer-readable

medium or media, a volatile memory unit or units, or a non-volatile memory unit

or units. Expansion memory 774 may also be provided and connected to device

750 through expansion interface 772, which may include, for example, a SIMM

(Single In Line Memory Module) card interface. Such expansion memory 774

may provide extra storage space for device 750, or may also store applications

or other information for device 750. Specifically, expansion memory 774 may



include instructions to carry out or supplement the processes described above,

and may include secure information also. Thus, for example, expansion memory

774 may be provide as a security module for device 750, and may be

programmed with instructions that permit secure use of device 750. In addition,

secure applications may be provided via the SIMM cards, along with additional

information, such as placing identifying information on the SIMM card in a non-

hackable manner.

[001 13] The memory may include, for example, flash memory and/or NVRAM

memory, as discussed below. In one implementation, a computer program

product is tangibly embodied in an information carrier. The computer program

product contains instructions that, when executed, perform one or more

methods, such as those described above. The information carrier is a computer-

or machine-readable medium, such as the memory 764, expansion memory 774,

memory on processor 752, or a propagated signal that may be received, for

example, over transceiver 768 or external interface 762.

[001 14] Device 750 may communicate wirelessly through communication

interface 766, which may include digital signal processing circuitry where

necessary. Communication interface 766 may provide for communications

under various modes or protocols, such as GSM voice calls, SMS, EMS, or

MMS messaging, CDMA, TDMA, PDC, WCDMA, CDMA2000, or GPRS, among

others. Such communication may occur, for example, through radio-frequency

transceiver 768. In addition, short-range communication may occur, such as

using a Bluetooth, WiFi, or other such transceiver (not shown). In addition, GPS

(Global Positioning System) receiver module 770 may provide additional



navigation- and location-related wireless data to device 750, which may be used

as appropriate by applications running on device 750.

[001 15] Device 750 may also communicate audibly using audio codec 760,

which may receive spoken information from a user and convert it to usable

digital information. Audio codec 760 may likewise generate audible sound for a

user, such as through a speaker, e.g., in a handset of device 750. Such sound

may include sound from voice telephone calls, may include recorded sound

(e.g., voice messages, music files, etc.) and may also include sound generated

by applications operating on device 750.

[001 16] The computing device 750 may be implemented in a number of

different forms, as shown in the figure. For example, it may be implemented as

a cellular telephone 780. It may also be implemented as part of a smartphone

782, personal digital assistant, or other similar mobile device.

[001 17] Various implementations of the systems and techniques described

here can be realized in digital electronic circuitry, integrated circuitry, specially

designed ASICs (application specific integrated circuits), computer hardware,

firmware, software, and/or combinations thereof. These various

implementations can include implementation in one or more computer programs

that are executable and/or interpretable on a programmable system including at

least one programmable processor, which may be special or general purpose,

coupled to receive data and instructions from, and to transmit data and

instructions to, a storage system, at least one input device, and at least one

output device.

[001 18] These computer programs (also known as programs, software,

software applications or code) include machine instructions for a programmable



processor, and can be implemented in a high-level procedural and/or object-

oriented programming language, and/or in assembly/machine language. As

used herein, the terms "machine-readable medium" "computer-readable

medium" refers to any computer program product, apparatus and/or device (e.g.,

magnetic discs, optical disks, memory, Programmable Logic Devices (PLDs))

used to provide machine instructions and/or data to a programmable processor,

including a machine-readable medium that receives machine instructions as a

machine-readable signal. The term "machine-readable signal" refers to any

signal used to provide machine instructions and/or data to a programmable

processor.

[001 19] To provide for interaction with a user, the systems and techniques

described here can be implemented on a computer having a display device

(e.g., a CRT (cathode ray tube) or LCD (liquid crystal display) monitor) for

displaying information to the user and a keyboard and a pointing device (e.g., a

mouse or a trackball) by which the user can provide input to the computer.

Other kinds of devices can be used to provide for interaction with a user as well;

for example, feedback provided to the user can be any form of sensory feedback

(e.g., visual feedback, auditory feedback, or tactile feedback); and input from the

user can be received in any form, including acoustic, speech, or tactile input.

[00120] The systems and techniques described here can be implemented in a

computing system that includes a back end component (e.g., as a data server),

or that includes a middleware component (e.g., an application server), or that

includes a front end component (e.g., a client computer having a graphical user

interface or a Web browser through which a user can interact with an

implementation of the systems and techniques described here), or any



combination of such back end, middleware, or front end components. The

components of the system can be interconnected by any form or medium of

digital data communication (e.g., a communication network). Examples of

communication networks include a local area network ("LAN"), a wide area

network ("WAN"), and the Internet.

[00121] The computing system can include clients and servers. A client and

server are generally remote from each other and typically interact through a

communication network. The relationship of client and server arises by virtue of

computer programs running on the respective computers and having a client-

server relationship to each other.

[00122] A number of embodiments have been described. Nevertheless, it will

be understood that various modifications may be made without departing from

the spirit and scope of the invention. For example, much of this document has

been described with respect to measuring motion data for particular drills,

though other forms of data gathering and comparison may also be employed.

[00123] In addition, the logic flows depicted in the figures do not require the

particular order shown, or sequential order, to achieve desirable results. In

addition, other steps may be provided, or steps may be eliminated, from the

described flows, and other components may be added to, or removed from, the

described systems. Accordingly, other embodiments are within the scope of the

following claims.



WHAT IS CLAIMED IS:

1. A computer-implemented athletic performance analysis method, comprising:

obtaining, at a computer system, first motion data reflecting motion of a

sporting device during one or more drills performed by an athlete;

creating and storing action data by identifying a plurality of portions of the

motion data, where each of the portions correspond to one or more actions by the

athlete;

comparing the action data for the athlete, with the computer system, to

corresponding aggregated action data for a plurality of other athletes to determine a

relative skill level for the athlete with respect to the one or more actions; and

generating data for a report that reflects the relative development level of the

athlete.

2 . The method of claim 1, further comprising capturing the motion data with a

plurality of motion sensors mounted inside a sporting ball.

3 . The method of claim 2, further comprising wirelessly communicating the first

motion data over a short-range connection to the computer system.

4 . The method of claim 3, wherein the wireless communicating is instigated by a

request from the computer system to a controller in the sporting ball made during

period when the sporting ball is not capturing data.

5 . The method of claim 1, further comprising determining a relative skill level for

the athlete corresponding to a first drill at a computer local to the sporting device,



and determining a relative skill level for the athlete corresponding to a subsequent

plurality of drills at a computer system remote from the sporting device.

6 . The method of claim 1, further comprising generating the report to a portable

media to be provided to the athlete.

7 . The method of claim 1, wherein the report includes a ranking of the athlete

within a continuum of athletic performance and one or more instructions directed to

reducing weaknesses identified in the athlete's performance.

8 . The method of claim 1, further comprising obtaining second motion data

reflecting motion of the sporting device during one or more drills performed by the

athlete at a time subsequent to obtaining the first motion data, and performing a

comparison of the athlete's performance between obtaining the first motion data and

obtaining the second motion data.

9 . The method of claim 1, further comprising comparing information from the first

motion data and the second motion data to data representing athletic development of

an aggregated plurality of athletes, to generate a predicted athletic performance

trend for the athlete.

10 . The method of claim 1, wherein the data for the report represents an overall

skill level for the athlete, and a plurality of levels for each of a plurality of actions that

were tested by the drills.



11. The method of claim 1, wherein the action data for the athlete and the

aggregated action data for the plurality of other athletes is matched to common

portions of common drills performed by each of the athletes.

12 . The method of claim 1, wherein the one or more drills follow a series of

actions defined to a level of repeatability needed to produce motion data sufficient to

permit statistically significant comparison between the athlete and the plurality of

athletes.

13 . A computer-implemented athletic performance analysis system, comprising:

a data collection interface in a computer system to obtaining first motion data

reflecting motion of a sporting device during one or more drills performed by an

athlete;

a computer-implemented classifier to compare data corresponding to the first

motion data to aggregated motion data for drills matching the one or more drills

performed by the athlete, for a plurality athletes to determine a relative skill level for

the athlete; and

a report generator to generate data for a report reflecting the relative

development level of the athlete.

14. The computer-implemented athletic performance analysis system of claim 13,

further comprising a classification rules generator to identify common features for

athletes of a known skill level and to generate rules for determining how other athlete

compare to the known skill level.



15 . The computer-implemented athletic performance analysis system of claim 14,

wherein the classification rules generator comprises an expert system that identifies

common features in motion-related data from the athletes of a known skill level and

generates rules that are predictive for classifying other athletes according to the

known skill levels.

16 . The computer-implemented athletic performance analysis system of claim 13,

further comprising a trend generator for analyzing the first motion data form the

athlete from a first time period and second motion data from a second time period for

the athlete, and comparing differences between the first motion data and the second

motion data to trend data for the athletes of known skill level to predict a skill level for

the athlete.

17 . The computer-implemented athletic performance analysis system of claim 13,

further comprising a client computer subsystem proximate to the sporting device and

a server computer subsystem remote from the sporting device, wherein the client

computing subsystem is programmed to provide the first motion data to the server

computer subsystem, and the server computer subsystem is programmed to provide

to the client computer subsystem the data for a report reflecting the relative

development level of the athlete.

18 . The computer-implemented athletic performance analysis system of claim 17,

wherein the server computer subsystem includes a demonstration mode in which

data for a first drill is analyzed and reported on, and a full test mode in which data for

a plurality of drills other than the first drill are analyzed and reported on.



19 . The computer-implemented athletic performance analysis system of claim 17,

wherein the client computer subsystem includes a wireless interface configured to

communicate with a motion sensing system inside the sporting device.

20. The computer-implemented athletic performance analysis system of claim 13,

further comprising an accounting module configured to correlate an identity of the

client computing subsystem with an account, and to debit an accountholder

associated with the account for the report.

2 1 . The computer-implemented athletic performance analysis system of claim 13,

wherein the report includes a ranking of the athlete within a continuum of athletic

performance and one or more instructions directed to reducing weaknesses

identified in the athlete's performance.

22. An article comprising one or more tangible computer-readable data storage

media containing program code operable to cause one or more machines to perform

operations, the operations comprising:

obtaining, at a computer system, first motion data reflecting motion of a

sporting device during one or more drills performed by an athlete;

creating and storing action data by identifying a plurality of portions of the

motion data, where each of the portions correspond to one or more actions by the

athlete;



comparing the action data for the athlete, with the computer system, to

corresponding aggregated action data for a plurality of other athletes to determine a

relative skill level for the athlete with respect to the one or more actions; and

generating data for a report that reflects the relative development level of the

athlete.

23. The article of claim 22, wherein the operations further comprise determining a

relative skill level for the athlete corresponding to a first drill at a computer local to

the sporting device, and determining a relative skill level for the athlete

corresponding to a subsequent plurality of drills at a computer system remote from

the sporting device.

24. The article of claim 22, wherein the report includes a ranking of the athlete

within a continuum of athletic performance and one or more instructions directed to

reducing weaknesses identified in the athlete's performance.

25. The article of claim 22, wherein the operations further comprise obtaining

second motion data reflecting motion of the sporting device during one or more drills

performed by the athlete at a time subsequent to obtaining the first motion data, and

performing a comparison of the athlete's performance between obtaining the first

motion data and obtaining the second motion data.

26. The article of claim 22, wherein the operations further comprise comparing

information from the first motion data and the second motion data to data



representing athletic development of an aggregated plurality of athletes, to generate

a predicted athletic performance trend for the athlete.

27. A computer-implemented athletic performance analysis method, comprising:

obtaining, via wireless communication devices, motion-related data for a pre

selected set of athletic drills from a plurality of athletes using motion sensors

corresponding to a athletic device;

analyzing the data obtained from the plurality of athletes to create a predictive

standardized test for assessing skill competency; and

generating a predictive skill level description for a human subject by statistical

analysis that compares motion-related data for the subject for the pre-selected set of

athletic drills, to motion-related data for the plurality of athletes.

28. A computer-implemented athletic performance analysis system, comprising:

a data collection interface in a computer system to obtaining first motion data

reflecting motion of a sporting device during one or more drills performed by an

athlete;

means for identifying a skill level for the athlete by comparing data

corresponding to the first motion data to similar data aggregated from a plurality of

athletes of known skill level; and

a report generator to generate data for a report reflecting the relative

development level of the athlete.
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