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FIGURE 1C

OPTIONAL
Calibrate a plurality of motion capture elements 111

Y
OPTIONAL

Provide motion capture element(s) 111 and app
to execute on mobile device computer 160

v

OPTIONAL
Provide motion capture mount 192 to couple w/ equip and/or user

:

Capture motion data with motion capture element 111

v

Send motion capture data to mobile computer 160 when possible
or or periodically or on an event basis

:

OPTIONAL
Obtain identifier 191 on equipment 110 or user 150

v

OPTIONAL
Analyze data locally on mobile computer 160, store

v

OPTIONAL
Send motion capture data to server to store in database 172

l

OPTIONAL
Analyze data on server 172, store

v

Display motion analysis data for user 150 based on current
performance and optionally as a function of or compared with
previous performance of user 150 or other user and/or equipment
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FIGURE 1F

1191 RECEIVE MOTION CAPTURE DATA
~ WHEN COMM LINK AVAILABLE

Y

1192 OPTIONAL RECEIVE EVENT OR
N PERIODIC REQUEST MOTION
CAPTURE DATA

v

1193 RECOGNIZE MOTION CAPTURE
N ELEMENT AND OPTIONALLY
ASSOCIATE W/ SENSOR LOCATION

v

1194 RECEIVE DATA VIAWIRELESS
N INTERFACE

v

1195 RECEIVE IMAGES OF USER
1 ASSOCIATED WITH MOTION
CAPTURE ELEMENT

v

1196\/ ANALYZE MOTION CAPTURE DATA
TO FORM MOTION ANALYSIS DATA

v

1197 DRAW ANY COMBINATION OF THREE
N~~~ DIMENSIONAL LOOKING OVERLAY,
RATING, POWER FACTOR, FLIGHT
PATH, TIME LINE, IMPACT LOCATION,
SLOW MOTION AROUND USER

v

1198 BROADCAST IMAGES WITH MOTION
~—1 ANALYSIS DATA DRAWN THEREON
TO MULTIPLICITY OF DISPLAYS
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FIGURE 1G

1181 PROMPT USER TO MOVE SENSOR
1 TO FIRST LOCATION, ACCEPT DATA

Y

182 | PROMPT USER TO MOVE SENSOR
N\~ TO SECOND LOC. OR ROTATIONAL
ORIENTATION, ACCEPT DATA

v

ne CALCULATE DISTANCE OR
ROTATION

v

1184 |PROMPT USER OT COUPLE SENSOR
N TO PIECE OF EQUIPMENT

v

1183 | PROMPT USER TO MOVE PIECE OF
EQUIPMENT, ACCEPT DATA

v

CALCULATE SPEED

v

1187\/ CALCULATE CORRELATION
BETWEEN USER AND OTHER USERS
TO FIND SIMILAR USERS AND
OBTAIN THEIR PERFORMANCE DATA

v

1188 PRESENT INFO FOR BEST
e PERFORMING OR OPTIMAL
EQUIPMENT

1186
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FIGURE 4
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FIGURE 7

203b




U.S. Patent Jan. 5,2021 Sheet 15 of 38 US 10,881,908 B2

FIGURE 8

ERR

FIGURE 9

i




U.S. Patent Jan. 5, 2021 Sheet 16 of 38 US 10,881,908 B2

FIGURE 10

4
18]
s
hxj
& 4
% B

,.,
fx
25

2

¥ Pogvion 0

1001

Caerera Filer

s Oy deang

Eye

2
K
53

Furman

111 psab



US 10,881,908 B2

Sheet 17 of 38

Jan. 5, 2021

U.S. Patent

2011

L1t

L 3dnNoid

bt

e
A W s

e seost InOADT T 404



U.S. Patent Jan. 5, 2021 Sheet 18 of 38 US 10,881,908 B2

FIGURE 12
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MOTION CAPTURE DATA FITTING
SYSTEM

This application is a continuation of U.S. Utility patent
application Ser. No. 15/812,926, filed on 14 Nov. 2017,
issued as U.S. Pat. No. 10,350,455, which is a continuation
of U.S. Utility patent application Ser. No. 15/044,036 filed
15 Feb. 2016, issued as U.S. Pat. No. 9,814,935, which is a
continuation of U.S. Utility patent application Ser. No.
13/757,029 filed 1 Feb. 2013, issued as U.S. Pat. No.
9,261,526, which is a continuation-in-part of U.S. Utility
patent application Ser. No. 13/737,956 filed 10 Jan. 2013,
issued as U.S. Pat. No. 8,827,824, which is a continuation-
in-part of U.S. Utility patent application Ser. No. 13/679,879
filed 16 Nov. 2012, issued as U.S. Pat. No. 8,944,928, which
is a continuation-in-part of U.S. Utility patent application
Ser. No. 13/298,158 filed 16 Nov. 2011, issued as U.S. Pat.
No. 8,905,855, which is a continuation-in-part of U.S.
Utility patent application Ser. No. 13/267,784 filed 6 Oct.
2011, issued as U.S. Pat. No. 9,604,142, which is a con-
tinuation-in-part of U.S. Utility patent application Ser. No.
13/219,525 filed 26 Aug. 2011, issued as U.S. Pat. No.
8,941,723, which is a continuation-in-part of U.S. Utility
patent application Ser. No. 13/191,309 filed 26 Jul. 2011,
issued as U.S. Pat. No. 9,033,810, which is a continuation-
in-part of U.S. Utility patent application Ser. No. 13/048,850
filed 15 Mar. 2011, issued as U.S. Pat. No. 8,465,376, which
is a continuation-in-part of U.S. Utility patent application
Ser. No. 12/901,806 filed 11 Oct. 2010, issued as U.S. Pat.
No. 9,320,957, which is a continuation-in-part of U.S.
Utility patent application Ser. No. 12/868,882 filed 26 Aug.
2010, issued as U.S. Pat. No. 8,944,826, the specifications of
which are hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION
Field of the Invention

One or more embodiments setting forth the ideas
described throughout this disclosure pertain to the field of
sporting equipment fitting. One or more embodiments pres-
ent information associated with an optimally fitting piece of
sporting equipment, for example the best performing piece
of equipment associated with a group of second users within
a range or correlation of size, range of motion or speed or
any combination thereof, with respect to the user. For
example, embodiments may present information related to a
particular make, model, dimension, weight, length, stiffness,
or other parameter associated with a piece of sporting
equipment through use of a motion capture sensor to mea-
sure a user’s various dimensions or sizes, range of motion
and speed and/or acceleration for example. Embodiments
for example prompt for and accept movement to determine
distance and/or speed between two locations and/or through
a rotation. For example embodiments may be utilized to
determine height, arm length, wrist to floor distance, hand
size, longest finger size, arm length, leg length torso length,
range of motion, such as but not limited to flexion, exten-
sion, abduction, adduction, outward rotation, inward rota-
tion, pronation, supination, inversion and eversion, and
speed through any motion or rotation. The distance, range of
motion and speed may be obtained for any limb or through
motion of any joint or portion of the human body for
example. Embodiments may further utilize the same sensor
for example after coupling the sensor to the piece of equip-
ment, to obtain motion capture data from the piece of
equipment, such as speed of the equipment when moved
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through a typical type of motion for the piece of equipment,
for example to further optimize the fit. The fit may be
optimized by data mining or otherwise through calculation
of a correlation of dimensions, range of motion, for example
static-active, static-passive and/or dynamic/kinetic range of
motion, speed/acceleration, etc., with various other users,
whether alive or historical as calculated through visual or
other methods. Embodiments thus determine the best per-
forming equipment for that particular type of user, i.e.,
within a range of size, range of motion, speed, for example
the make/model of the longest hitting, most accurate, maxi-
mum or minimum scoring, etc., as previously obtained
and/or determined from or based on other users having the
closest dimensions, range of motion and speed. Embodi-
ments also enable purchasing of the equipment via the
mobile device, whether the piece of equipment is shown on
television or other broadcast or based on the user’s previous
performance data or current performance data. Embodi-
ments may further be configured to predict a first derivative
or other derivate based on age or growth rates to determine
the best fitting equipment for children that will fit for the
longest time or otherwise minimize costs and maximize
usage of equipment as well. Other embodiments of the
invention may suggest exercises and/or stretches that would
improve performance to a predicted performance level based
on other users performance data and suggest equipment that
would be appropriate for an increase strength or flexibility
so that users can “grow into” or “improve into” equipment.
In addition, other embodiments of the invention may be
utilized over time to detect tight areas or areas that may be
indicative of injury for example and alert the user. One or
more embodiments of the invention may be utilized for gait
analysis for fitting of shoes.

Description of the Related Art

There are no known systems that use a given motion
capture sensor to measure a user’s size, range of motion,
speed and then utilize that same sensor to capture motion
data from a piece of sporting equipment, for example to
further optimize the fit of a particular piece of sporting
equipment or to gather performance data over time from the
same sensor. Existing sporting equipment fitting systems are
generally based on size measurements of a user. These
systems generally do not take into account the range of
motion or direct measurements of speed through the range of
motion of various joints of a user to optimize a fit for a piece
of sporting equipment. There are no known fitting systems
based on motion capture data obtained from high resolution
sensors, for example that include use of previously stored
high resolution motion data from the user or other users or
piece of equipment, or from motion capture data obtained
through the analysis of historical videos for example.
Known systems do not contemplate data mining of motion
data and size, range of motion, speed and age of other users
to maximize the performance of the user.

In addition, known systems do not provide a sensor and
“app” that may be inexpensively obtained and utilized on a
ubiquitous mobile device such as a mobile telephone to
prompt for and obtain distance, dimensions, range of
motion, speed or other measurement data and suggest opti-
mal equipment and enable the user to immediately purchase
the optimally fitting equipment from the same mobile
device.

Specifically, most motion capture systems are generally
utilized to observe and/or teach effective body mechanics
and utilize video recording of an athlete and analysis of the
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recorded video of an athlete. This technique has various
limitations including inaccurate and inconsistent subjective
analysis based on video for example. Another technique
includes motion analysis, for example using at least two
cameras to capture three-dimensional points of movement
associated with an athlete. Known implementations utilize a
stationary multi-camera system that is not portable and thus
cannot be utilized outside of the environment where the
system is installed, for example during an athletic event such
as a golf tournament. These fixed installations are extremely
expensive as well. Such prior techniques are summarized in
U.S. Pat. No. 7,264,554, filed 26 Jan. 2006, which claims the
benefit of U.S. Provisional Patent Application Ser. No.
60/647,751 filed 26 Jan. 2005, the specifications of which
are both hereby incorporated herein by reference. Both
disclosures are to the same inventor of the subject matter of
the instant application. Regardless of the motion capture
data obtained, the data is generally analyzed on a per user or
per swing basis that does not contemplate processing on a
mobile phone, so that a user would only buy a motion
capture sensor and an “app” for a pre-existing mobile phone.
In addition, existing solutions do not contemplate mobile
use, analysis and messaging and/or comparison to or use of
previously stored motion capture data from the user or other
users or data mining of large data sets of motion capture
data, for example to obtain or create motion capture data
associated with a group of users, for example professional
golfers, tennis players, baseball players or players of any
other sport to provide a “professional level” average or
exceptional virtual reality opponent. To summarize, motion
capture data is generally used for immediate monitoring or
sports performance feedback and generally has had limited
and/or primitive use in other fields. Any uses for the data
with respect to fitting are limited, and generally based on the
size of the user and do not utilize a given sensor to measure
the user’s size, range of motion and speed as well as the
motion of the piece of equipment, for example after coupling
the motion capture sensor to the piece of equipment after the
uncoupled sensor is utilized in measuring physical param-
eters of the user without the piece of equipment.

Known motion capture systems generally utilize several
passive or active markers or several sensors. There are no
known systems that utilize as little as one visual marker or
sensor and an app that for example executes on a mobile
device that a user already owns, to analyze and display
motion capture data associated with a user and/or piece of
equipment. The data is generally analyzed in a laboratory on
a per user or per swing basis and is not used for any other
purpose besides motion analysis or representation of motion
of that particular user and is generally not subjected to data
mining. This also makes fitting for sporting equipment more
difficult for the user, since the user must travel to a particular
installation for custom fitting for example.

There are no known systems that allow for motion capture
elements such as wireless sensors to seamlessly integrate or
otherwise couple with a user or shoes, gloves, shirts, pants,
belts, or other equipment, such as a baseball bat, tennis
racquet or golf club for local analysis or later analysis in
such a small format that the user is not aware that the sensors
are located in or on these items. There are no known systems
that provide seamless mounts, for example in the weight port
of a golf club or at the end shaft near the handle so as to
provide a wireless golf club, configured to capture motion
data. Data derived from existing sensors is not saved in a
database for a large number of events and is not used relative
to anything but the performance at which the motion capture
data was acquired. In addition, known motion capture sen-
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sors are specifically designed to mount to a piece of sporting
equipment in a particular manner and are not intended to
measure the user’s size, range of motion or speed for
example without being mounted on the piece of sporting
equipment.

In addition, for sports that utilize a piece of equipment and
a ball, there are no known portable systems that allow the
user to obtain immediate visual feedback regarding ball
flight distance, swing speed, swing efficiency of the piece of
equipment or how centered an impact of the ball is, i.e.,
where on piece of equipment the collision of the ball has
taken place. These systems do not allow for user’s to play
games with the motion capture data acquired from other
users, or historical players, or from their own previous
performances. Known systems do not allow for data mining
motion capture data from a large number of swings to
suggest or allow the searching for better or optimal equip-
ment to match a user’s motion capture data and do not
enable original equipment manufacturers (OEMs) to make
business decisions, e.g., improve their products, compare
their products to other manufacturers, up-sell products or
contact users that may purchase different or more profitable
products.

In addition, there are no known systems that utilize
motion capture data mining for equipment fitting and sub-
sequent point-of-sale decision making for instantaneous
purchasing of equipment that fits an athlete. Furthermore, no
known systems allow for custom order fulfillment such as
assemble-to-order (ATO) for custom order fulfillment of
sporting equipment, for example equipment that is built to
customer specifications based on motion capture data min-
ing, and shipped to the customer to complete the point of
sales process, for example during play or virtual reality play
or for example during a television broadcast.

There are no known systems that enable data mining for
a large number of users related to their motion or motion of
associated equipment to find patterns in the data that allows
for business strategies to be determined based on heretofore
undiscovered patterns related to motion. There are no known
systems that enable obtain payment from OEMs, medical
professionals, gaming companies or other end users to allow
data mining of motion data. For at least the limitations
described above there is a need for a fitting system for
sporting equipment that utilizes an motion capture sensor,
for example uncoupled from the piece of sporting equipment
to measure a user’s size, range of motion and speed and
optimize a fit for a piece of sporting equipment after
coupling the motion capture sensor to the piece of sporting
equipment and deriving an optimized fit based on current
and/or previously stored or calculated motion data from the
same user or other user’s that maximally correlate with the
user’s size, range of motion, speed or any other parameters
such as age.

BRIEF SUMMARY OF THE INVENTION

Embodiments of the invention enable a fitting system for
sporting equipment using an application that executes on a
mobile device, for example a mobile phone, to prompt and
accept motion inputs from a given motion capture sensor to
measure a user’s size, range of motion, speed and/or accel-
eration and then in one or more embodiments utilizes that
same sensor to capture motion data from a piece of equip-
ment, for example to further optimize the fit of and/or further
collect motion capture data. Embodiments may provide
information related to the optimal fit or otherwise suggest
purchase of a particular piece of sporting equipment.
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Embodiments may utilize correlation or other algorithms or
data mining of motion data for size, range of motion, speed
of other users to maximize the fit of a piece of equipment for
the user based on other user’s performance with particular
equipment. For example, this enables a user of a similar size,
range of motion and speed to data mine for the best
performance equipment, e.g., longest drive, lowest putt
scores, highest winning percentage, etc., associated with
other users having similar characteristics.

Specifically, one or more embodiments of the fitting
system for sporting equipment include at least one motion
capture element that includes a wireless communication
interface configured to transmit motion capture data from
the at least one motion capture element and an application
configured to execute on a computer within a mobile device
that is configured to wirelessly communicate with the
motion capture sensor, and optionally configured to tele-
phonically communicate. In one or more embodiments the
application is configured to prompt a first user to move the
motion capture sensor to a first location, accept a first motion
capture data from the motion capture sensor at the first
location via the wireless communication interface, prompt
the first user to move the motion capture sensor to a second
location, accept a second motion capture data or rotation
from the motion capture sensor at the second location via the
wireless communication interface, calculate a distance or
rotation between the first and second location or rotation
based on the first and second motion capture data. The
distance may include a height or an arm length, or a torso
length, or a leg length, or a wrist to floor measurement, or
a hand size or longest finger size or both the hand size and
longest finger size of the first user, or any combination
thereof or any other dimension or length associated with the
first user. For example, embodiments of the invention may
prompt the user to hold the motion capture sensor in the
user’s hand and hold the hand on top of the user’s head and
then prompt the user to place the sensor on the ground, to
calculate the distance therebetween, i.e., the height of the
user. In another example, the system may prompt the user to
hold the sensor in the hand, for example after decoupling the
sensor from a golf club and then prompt the user to place the
sensor on the ground. The system then calculates the dis-
tance as the “wrist to floor measurement”, which is com-
monly used in sizing golf clubs for example. Embodiments
of the system may also prompt the user to move the sensor
from the side of the user to various positions or rotational
values, for example to rotate the sensor while at or through
various positions to calculate the range of motion, for
example through flexion, extension, abduction, adduction,
lateral rotation, medial rotation, etc. The range of motion
may be detected for different types of stretching or move-
ment such as static-active, static-passive and/or dynamic/
kinetic stretching or rotation of any desired joint or body
part. In one or more embodiments, the application is further
configured to prompt the first user to couple the motion
capture sensor to a piece of equipment and prompt the first
user to move the piece of equipment through a movement.
The application is further configured to accept a third motion
capture data from the motion capture sensor for the move-
ment via the wireless communication interface and calculate
a speed for the movement based on the third motion capture
data. In one or more embodiments, the application is con-
figured to calculate a correlation between the distance and
the speed for the first user with respect to a plurality of other
users and present information associated with an optimally
fit or sized piece of equipment associated with a second user
having a maximum value correlation with at least the
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distance and the speed of the first user. One such algorithm
may for example provide a list of make and model of the
lowest scoring golf shaft, or longest hitting baseball bat
associated with a similar size/range of motion/speed user.
Embodiments of the user may use the speed of the user
through motions or the speed of the equipment through
motions or both in correlation calculations for example.
Embodiments may further be configured to predict a first
derivative or other derivate based on age or growth rates to
determine the best fitting equipment for children that will fit
for the longest time or otherwise minimize costs and maxi-
mize usage of equipment as well. Other embodiments of the
invention may suggest exercises and/or stretches that would
improve performance to a predicted performance level based
on other users performance data and suggest equipment that
would be appropriate for an increase strength or flexibility
so that users can “grow into” or “improve into” equipment.
In addition, other embodiments of the invention may be
utilized over time to detect tight areas or areas that may be
indicative of injury for example and alert the user. One or
more embodiments of the invention may be utilized for gait
analysis for fitting of shoes.

Other embodiments may display one or more images to
enable the first user to view a sporting event. Embodiments
may accept an input from the first user to purchase the piece
of equipment based the distance, or range of motion or the
speed previously stored with respect to the first user or any
combination thereof. For example, the piece of equipment
may be shown in the sporting event, but sized to fit the user
based on the user’s previously stored or currently accepted
or calculated parameters. Embodiments may also prompt the
first user for their age and utilize this when calculation of the
correlation is performed. Embodiments may present infor-
mation associated with a grip or length of the optimally sized
piece of equipment, or stiffness, or model or manufacturer,
or any combination thereof.

Embodiments of the application may also be configured to
recognize when the at least one motion capture element is
removed from the piece of equipment based on the motion
capture data. The application may for example accept ges-
tures or analyze the motion to determine that it could not be
output from a particular piece of equipment based on the
motion. Alternatively, or in combination, embodiments of
the invention may recognize when the at least one motion
capture element is coupled with the piece of equipment
based on the motion capture data. For example if the motion
data is analyzed and is determined to have a path of motion
indicative of a baseball bat swing or golf swing then, the
system may indicate that the motion capture sensor is
currently coupled to the piece of equipment. Furthermore,
since different pieces of equipment may utilize the same
sensor, for example after decoupling from one and placing
in the other, particular types of motion, for example a skate
board and a tennis racquet may be automatically determined
based on a barrel roll of the skateboard or serve of the
racquet which indicates the path of motion that is unique or
at least indicative of that type of equipment. This enables
automatic sensing of the piece of equipment currently
coupled with the sensor.

Embodiments of the invention may utilize data mining on
the motion capture data to obtain patterns for users, equip-
ment, or use the motion capture data of a given user or other
user in particular embodiments of the invention. Data min-
ing relates to discovering new patterns in large databases
wherein the patterns are previously unknown. Many meth-
ods may be applied to the data to discover new patterns
including statistical analysis, neural networks and artificial
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intelligence for example. Due to the large amount of data,
automated data mining may be performed by one or more
computers to find unknown patterns in the data. Unknown
patterns may include groups of related data, anomalies in the
data, dependencies between elements of the data, classifi-
cations and functions that model the data with minimal error
or any other type of unknown pattern. Displays of data
mining results may include displays that summarize newly
discovered patterns in a way that is easier for a user to
understand than large amounts of pure raw data. One of the
results of the data mining process is improved market
research reports, product improvement, lead generation and
targeted sales. Generally, any type of data that will be
subjected to data mining must be cleansed, data mined and
the results of which are generally validated. Businesses may
increase profits using data mining. Examples of benefits of
embodiments of the invention include customer relationship
management to highly target individuals based on patterns
discovered in the data. In addition, market basket analysis
data mining enables identifying products that are purchased
or owned by the same individuals and which can be utilized
to offer products to users that own one product but who do
not own another product that is typically owned by other
users. Other areas of data mining include analyzing large
sets of motion data from different users to suggest exercises
to improve performance based on performance data from
other users. For example if one user has less rotation of the
hips during a swing versus the average user, then exercises
to improve flexibility or strength may be suggested by the
system. In a golf course embodiment, golf course planners
may determine over a large amount of users on a golf course
which holes should be adjusted in length or difficulty to
obtain more discrete values for the average number of shots
per hole, or for determining the amount of time between
golfers, for example at a certain time of day or for golfers of
a certain age. In addition, sports and medical applications of
data mining include determining morphological changes in
user performance over time, for example versus diet or
exercise changes to determine what improves performance
the most.

For example, embodiments that utilize motion capture
elements allow for analyzing the data obtained from the
apparatus and enable the presentation of unique displays
associated with the user, such as 3D overlays onto images of
the body of the user to visually depict the captured motion
data. In addition, these embodiments may also utilize active
wireless technology such as BLUETOOTH® Low Energy
for a range of up to 50 meters to communicate with a golfer’s
mobile computer. Embodiments of the invention also allow
for display of queries for counting a stroke for example as
a result of receiving a golf club ID, for example via an RFID
reader or alternatively via wireless communication using
BLUETOOTH® or IEEE 802.11 for example. Use of BLU-
ETOOTH® Low Energy chips allows for a club to be in
sleep mode for up to 3 years with a standard coin cell battery,
thus reducing required maintenance. One or more embodi-
ments of the invention may utilize more than one radio, of
more than one technology for example. This allows for a
level of redundancy that increases robustness of the system.
For example, if one radio no longer functions, e.g., the
BLUETOOTH® radio for example, then the IEEE 802.11
radio may be utilized to transfer data and warn the golfer that
one of the radios is not functioning, while still allowing the
golfer to record motion data and count shots associated with
the particular club. For embodiments of the invention that
utilize a mobile device (or more than one mobile device)
without camera(s), sensor data may be utilized to generate
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displays of the captured motion data, while the mobile
device may optionally obtain images from other cameras or
other mobile devices with cameras. For example, display
types that may or may not utilize images of the user may
include ratings, calculated data and time line data. Ratings
associated with the captured motion can also be displayed to
the user in the form of numerical or graphical data with or
without a user image, for example an “efficiency” rating.
Calculated data, such as a predicted ball flight path data can
be calculated and displayed on the mobile device with or
without utilizing images of the user’s body. Data depicted on
a time line can also be displayed with or without images of
the user to show the relative peaks of velocity for various
parts of the equipment or user’s body for example. Any of
these types of measurements that are for example associated
with speed are in keeping with the fitting aspects of the
invention, and the use of speed herein may include any
derived quantity associated with motion for example when
used in conjunction with fitting of equipment with a par-
ticular user.

In one or more embodiments of the invention, fixed
cameras such as at a tennis tournament, football game,
baseball game, car or motorcycle race, golf tournament or
other sporting event can be utilized with a wireless interface
located near the player/equipment having motion capture
elements so as to obtain, analyze and display motion capture
data. In this embodiment, real-time or near real-time motion
data can be displayed on the video for augmented video
replays. An increase in the entertainment level is thus
created by visually displaying how fast equipment is moving
during a shot, for example with rings drawn around a players
hips and shoulders. Embodiments of the invention also
allow images or videos from other players having mobile
devices to be utilized on a mobile device related to another
user so that users don’t have to switch mobile phones for
example. In one embodiment, a video obtained by a first user
for a piece of sporting equipment in motion that is not
associated with the second user having the video camera
equipped mobile phone may automatically transfer the video
to the first user for display with motion capture data asso-
ciated with the first user. Video and images may be uploaded
into the database and data mined through image analysis to
determine the types/colors of clothing or shoes for example
that users are wearing. The equipment thus analyzed or
otherwise input into the system may be broadcast so that
other embodiments of the invention may be utilized to
purchase the equipment, for example as sized to the user, or
sized to the user to maximize performance as correlated with
other users for example.

Based on the display of data, the user can determine the
equipment that fits the best and immediately purchase the
equipment, via the mobile device. For example, when decid-
ing between two sets of skis, a user may try out both pairs
that are instrumented with motion capture elements wherein
the motion capture data is analyzed to determine which pair
of skis enables more efficient movement. For golf embodi-
ments, when deciding between two golf clubs, a user can
take swings with different clubs and based on the analysis of
the captured motion data and quantitatively determine which
club performs better, for example in conjunction with size,
range of motion or speed of the user or any combination
thereof as determined using a motion capture sensor alone
and/or in combination with a piece of equipment. Custom
equipment may be ordered through an interface on the
mobile device from a vendor that can assemble-to-order
customer built equipment and ship the equipment to the user
for example. Shaft lengths for putters for example that are a
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standard length can be custom made for a particular user
based on captured motion data as a user putts with an
adjustable length shaft for example. Based on data mining of
the motion capture data and shot count data and distances for
example allows for users having similar swing characteris-
tics to be compared against a current user wherein equip-
ment that delivers longer shots for a given swing velocity for
a user of a particular size and age for example may be
suggested or searched for by the user to improve perfor-
mance. OEMs may determine that for given swing speeds,
which make and model of club delivers the best overall
performance as well. One skilled in the art will recognize
that this applies to all activities involving motion, not just
golf.

Embodiments of the system may utilize a variety of
sensor types. In one or more embodiments of the invention,
active sensors may integrate with a system that permits
passive or active visual markers to be utilized to capture
motion of particular points on a user’s body or equipment.
This may be performed in a simply two-dimensional manner
or in a three-dimensional manner if the mobile device is
configured with two or more cameras, or if multiple cameras
or mobile devices are utilized to capture images such as
video and share the images in order to create triangulated
three-dimensional motion data from a set of two-dimen-
sional images obtained from each camera. Another embodi-
ment of the invention may utilize inertial measurement units
(IMU) or any other sensors that can produce any combina-
tion of orientation, position, velocity and/or acceleration
information to the mobile device. The sensors may thus
obtain data that may include any combination of one or more
values associated with orientation (vertical or North/South
or both), position (either via through Global Positioning
System, i.e., “GPS” or through triangulation), velocity (in all
three axes), acceleration (in all three axes). All motion
capture data obtained from the various sensor types may be
saved in a database for analysis, monitoring, compliance,
game playing or other use and/or data mining, regardless of
the sensor type.

In one or more embodiments of the invention, a sensor
may be utilized that includes a passive marker or active
marker on an outside surface of the sensor, so that the sensor
may also be utilized for visual tracking (either two-dimen-
sional or three-dimensional) and for orientation, position,
velocity, acceleration or any other physical quantity pro-
duced by the sensor. Visual marker embodiments of the
motion capture element(s) may be passive or active, mean-
ing that they may either have a visual portion that is visually
trackable or may include a light-emitting element such as a
light emitting diode (LED) that allows for image tracking in
low light conditions. This for example may be implemented
with a graphical symbol or colored marker at the end of the
shaft near the handle or at the opposing end of the golf club
at the head of the club. Images or videos of the markers may
be analyzed locally or saved in the database and analyzed
and then utilized in data mining.

Embodiments of the motion capture sensors may be
generally mounted on or near one or more end or opposing
ends of sporting equipment, for example such as a golf club
and/or anywhere in between (for EI measurements) and may
integrate with other sensors coupled to equipment, such as
weapons, medical equipment, wristbands, shoes, pants,
shirts, gloves, clubs, bats, racquets, balls, etc., and/or may be
attached to a user in any possible manner. For example, a
rifle to determine where the rifle was pointing when recoil
was detected by the motion capture sensor. This data may be
transmitted to a central server, for example using a mobile
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computer such as a mobile phone or other device and
analyzed for war games practice for example. In addition,
one or more embodiments of the sensor can fit into a weight
port of a golf club, and/or in the handle end of the golf club.
Other embodiments may fit into the handle of, or end of, a
tennis racquet or baseball bat for example. One or more
embodiments of the invention may also operate with balls
that have integrated sensors as well. One or more embodi-
ments of the mobile device may include a small mountable
computer such as an IPOD® SHUFFLE® or IPOD®
NANO® that may or may not have integrated displays, and
which are small enough to mount on a shaft of a piece of
sporting equipment and not affect a user’s swing. Alterna-
tively, the system may calculate the virtual flight path of a
ball that has come in contact with equipment moved by a
player. For example with a baseball bat or tennis racquet or
golf club having a sensor integrated into a weight port of
other portion of the end of the club striking the golf ball and
having a second sensor located in the tip of the handle of the
golf club, or in one or more gloves worn by the player, an
angle of impact can be calculated for the club. By knowing
the loft of the face of the club, an angle of flight may be
calculated for the golf ball. In addition, by sampling the
sensor at the end of the club at a high enough speed to
determine oscillations indicative of where on the face of the
club the golf ball was struck, a quality of impact may be
determined. These types of measurements and the analysis
thereof help an athlete improve, and for fitting purposes,
allow an athlete to immediately purchase equipment that fits
correctly. Centering data may be uploaded to the database
and data mined for patterns related to the bats, racquets or
clubs with the best centering on average, or the lowest
torsion values for example on a manufacturer basis for
product improvement. Any other unknown patterns in the
data that are discovered may also be presented or suggested
to users or search on by users, or paid for, for example by
manufacturers or users.

One or more embodiments of the motion capture sensor
may be removed from one piece of sporting equipment and
placed on another type of equipment or article of clothing so
that the user does not have to purchase motion capture
sensors for all equipment and clothes associated with the
user. This is possible since embodiments of the sensor may
couple with any enclosure sized to fit the sensor. In one or
more embodiments, a cap is removed, then the sensor is
removed and inserted into another piece of equipment or
article of clothing for example.

One or more embodiments of the sensor may contain
charging features such as mechanical eccentric weight, as
utilized in some watches known as “automatic” or “self-
winding” watches, optionally including a small generator, or
inductive charging coils for indirect electromechanical
charging of the sensor power supply. Other embodiments
may utilize plugs for direct charging of the sensor power
supply or electromechanical or microelectromechanical
(MEMS) based charging elements. Any other type of power
micro-harvesting technologies may be utilized in one or
more embodiments of the invention. One or more embodi-
ments of the sensor may utilize power saving features
including gestures that power the sensor on or off. Such
gestures may include motion, physical switches, contact
with the sensor, wireless commands to the sensor, for
example from a mobile device that is associated with the
particular sensors. Other elements that may couple with the
sensor includes a battery, low power microcontroller,
antenna and radio, heat sync, recharger and overcharge
sensor for example. In addition, embodiments of the inven-
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tion allow for power down of some or all of the components
of the system until an electronic signal from accelerometers
or a mechanical switch determines that the club has moved
for example.

One or more embodiments of the invention enable Elas-
ticity Inertia or EI measurement of sporting equipment and
even body parts for example. Placement of embodiments of
the sensor along the shaft of a golf club, tennis racquet,
baseball bat, hockey stick, shoe, human arm or any other
item that is not perfectly stiff enables measurement of the
amount of flex at points where sensors are located or
between sensors. The angular differences in the each sensor
over time allow for not only calculation of a flex profile, but
also a flex profile that is dependent on time or force. For
example, known EI machines use static weights between to
support points to determine an EI profile. These machines
therefore cannot detect whether the EI profile is dependent
upon the force applied or is dependent on the time at which
the force is applied, for example EI profiles may be non-
linear with respect to force or time. Example materials that
are known to have different physical properties with respect
to time include Maxwell materials and non-Newtonian flu-
ids.

A user may also view the captured motion data in a
graphical form on the display of the mobile device or for
example on a set of glasses that contains a video display. The
captured motion data obtained from embodiments of the
motion capture element may also be utilized to augment a
virtual reality display of user in a virtual environment.
Virtual reality or augmented reality views of patterns that are
found in the database via data mining are also in keeping
with the spirit of the invention. User’s may also see aug-
mented information such as an aim assist or aim guide that
shows for example where a shot should be attempted to be
placed for example based on existing wind conditions, or to
account for hazards, e.g., trees that are in the way of a
desired destination for a ball, i.e., the golf hole for example.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing
executed in color. Copies of this patent or patent application
publication with color drawing(s) will be provided by the
Office upon request and payment of the necessary fee. The
above and other aspects, features and advantages of the ideas
conveyed through this disclosure will be more apparent from
the following more particular description thereof, presented
in conjunction with the following drawings wherein:

FIG. 1 illustrates an embodiment of the system that
enables a system and method for utilizing motion capture
data.

FIG. 1A illustrates a logical hardware block diagram of an
embodiment of the computer.

FIG. 1B illustrates an architectural view of an embodi-
ment of the database utilized in embodiments of the system.

FIG. 1C illustrates a flow chart for an embodiment of the
processing performed by embodiments of the computers in
the system as shown in FIGS. 1 and 1A.

FIG. 1D illustrates a data flow diagram for an embodi-
ment of the system.

FIG. 1E illustrates a data flow diagram for an embodiment
of the system, including broadcasting components.

FIG. 1F illustrates a flow chart for an embodiment of the
system for intermittent data broadcast scenarios.

FIG. 1G illustrates a flow chart for an embodiment of the
system.
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FIG. 2 illustrates an embodiment of the overall modes of
the software programmed to execute on the computer of the
mobile device, wherein the computer is configured to rec-
ognize the motion capture elements, obtain data, analyze the
data and display motion analysis data.

FIG. 3 illustrates displays associated with FIG. 2 in
greater detail.

FIG. 4 illustrates and embodiment of the recognition
module that is configured to assign particular sensors to
particular locations on an athlete and/or on a piece of
equipment.

FIG. 5 illustrates an embodiment of the obtain data
module that is configured to obtain data from a camera
(optionally on the mobile device or obtain through another
camera or camera on another mobile device), data from
motion capture elements, i.e., any combination of visual
markers or sensors as assigned to particular portions of the
user’s body or piece of equipment. In addition, the figure
shows displays data analyzed by the analysis module and
generated by the display module to show either the user
along with motion analysis data, or with motion analysis
data alone.

FIG. 6 illustrates a detailed drill down into the motion
analysis data to display including overall efficiency, head,
torso, hip, hand, club, left and right foot segment efficien-
cies. Embodiments of the invention thus enable physical
training specific to the area that a user needs as determined
by the analysis module.

FIG. 7 illustrates a close up display of motion analysis
data associated with a user, without use of an image asso-
ciated with a user.

FIG. 8 illustrates an embodiment of the motion capture
element that optionally includes a visual marker and/or
sensor.

FIG. 9 illustrates a front view of FIG. 8.

FIG. 10 illustrates an embodiment of the motion capture
element implemented with a passive marker and gray scale
images thereof to show how the marker can be tracked by
obtaining an image and searching for a luminance change
from black to white.

FIG. 11 illustrates a hardware implementation of the
sensor portion of a motion capture element implemented as
a wireless inertial measurement unit, and an embodiment as
configured to couple with a weight port of a golf club for
example.

FIG. 12 illustrates an embodiment of the motion capture
element as configured to couple with different golf club
types and a shoe.

FIG. 13 illustrates a close-up of the shoe of FIG. 12 along
with a pressure map of a shoe configured with a pressure
matt inside the shoe configured to output pressure per
particular areas of the shoe.

FIG. 14 illustrates an embodiment of sunglasses config-
ured with an embodiment of the motion capture element.

FIG. 15 illustrates an embodiment of a display that depicts
the location of a golf ball strike as determined by the
oscillations in the golf club face during and/or after the golf
club impacts a golf ball.

FIG. 16 illustrates a camera alignment tool as utilized
with embodiments of the system to create normalized
images for capture data mining.

FIG. 17 illustrates a balance box and center alignment line
to aid in centering a user to obtain image data.

FIG. 18 illustrates a balance box and center alignment
line, along with primary and secondary shaft lines to aid in
centering and analyzing images of the user.
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FIG. 19 illustrates an embodiment of the display config-
ured to aid in club fitting for a user, wherein a user may test
multiple clubs and wherein the display shows motion analy-
sis data. For embodiments of the invention may be utilized
to obtain sensor data that is utilized for purchase and order
fulfillment options, buttons such as “purchase” and “cus-
tomer order” may be utilized.

FIG. 20 illustrates an embodiment of the display config-
ured to display motion analysis data along with the user,
some of which is overlaid onto the user to aid in under-
standing the motion analysis data in a more human under-
standable format. In addition, motion analysis data associ-
ated with the user can be shown numerically as shown for
example as “efficiency” of the swing, and the velocity of the
swing.

FIG. 21 illustrates an embodiment of the system config-
ured to display a user from multiple angles when multiple
cameras are available. One or more embodiments of the
system may show one image of the user at a time in slow
motion as the user moves, while changing the angle of the
view of the user in normal time, which is known as BULLET
TIME®.

FIG. 22 illustrates another embodiment of the multi-angle
display as is also shown in FIG. 21 wherein this figure also
includes three-dimensional overlay graphics to aid in under-
standing the motion analysis data in a more human under-
standable manner.

FIG. 23 shows an embodiment of the system configured
to display motion analysis data on a mobile computer,
personal computer, IPAD® or any other computer with a
display device large enough to display the desired data.

FIG. 24 illustrates a timeline display of motion analysis
data that shows multiple sensor angular velocities in refer-
ence to the world or for example to a portion of the piece of
equipment or object to hit or a virtual spine or a boney
landmark, as obtained from sensors on a user and/or on a
piece of equipment.

FIG. 25 illustrates a timeline display of motion analysis
data that shows multiple sensor angular speeds obtained
from multiple sensors on a second user and on a piece of
equipment. Efficient movement pattern of body segments
know as a kinetic chain and of kinematic segmental
sequencing.

FIG. 26 illustrates a timeline display of a user along with
peak and minimum angular speeds along the timeline shown
as events along the time line instead of as Y-axis data as
shown in FIGS. 24 and 25. In addition, a graph showing the
lead and lag of the golf club along with the droop and drift
of'the golf club is shown in the bottom display wherein these
values determine how much the golf club shaft is bending in
two axes as plotted against time.

FIG. 27 illustrates a display of the calculated flight path
of a ball based on the motion analysis data wherein the
display is associated with any type of computer, personal
computer, [IPAD® or any other type of display capable of
displaying images.

FIG. 28 illustrates a display of the calculated flight path
of a ball based on motion analysis data wherein the display
is coupled with a mobile device.

FIG. 29 illustrates a display of a broadcast television
event wherein at least one motion capture element in the
form of a motion sensor is coupled with the golf club and
optionally the user. The display can be shown in normal time
after the athlete strikes the ball, or in slow motion with
motion analysis data including the three-dimensional over-
lay of the position of the sensor on the end of the club shown
as a trace line and including the angle of the plane in which
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the swing takes place versus the horizontal plane. In addi-
tion, other motion analysis data may be shown such as the
swing speed, distance (calculated or actual) and efficiency.

FIG. 30 illustrates a display of the swing path with a
strobe effect wherein the golf club in this example includes
sensors on the club head and near the handle, or optionally
near the hands or in the gloves of the user. Optionally,
imaged based processing from a high-speed camera may be
utilized to produce the display. The swing path for good
shots can be compared to swing paths for inaccurate shots to
display the differences in a human understandable manner.

FIG. 31 illustrates a display of shaft efficiency as mea-
sured through the golf swing. For example, by obtaining
motion capture data near the club head and club handle,
graphical strobe effects and motion analysis data can show
the club head speed, club handle speed and club shaft
efficiency in normal time or slow motion.

FIG. 32 illustrates a display of putter head acceleration
based on at least one sensor near the putter head, for example
as coupled into the weight port of a putter. The various
quantities from the motion analysis data can be displayed to
aid in understanding acceleration patterns for good putts and
bad putts to help viewers understand acceleration in a more
human understandable manner.

FIG. 33 illustrates a display of dynamic lie angle, wherein
the lie angle of the player at address before swinging at the
ball can be compared to the lie angle at impact to help the
viewer understand how lie angle effects loft and ball flight.

FIG. 34 illustrates a display of shaft release; wherein the
angular release velocity of the golf shaft is a large compo-
nent of the efficiency of a swing. As shown, a display of a
golfer that has sensors near his waist and hips and sensors on
the golf club head and handle, or as determined through
image processing with or without visual markers, is shown
with the motion analysis data.

FIG. 35 illustrates a display of rotational velocity wherein
the face angle, club face closure in degrees per second, the
loft angle and lie angle are shown as obtained from a motion
capture element on the club head for example.

FIG. 36 illustrates a display of historical players with
motion analysis data computed through image processing to
show the performance of great players.

FIG. 36A illustrates a method implemented by the system
to enable a virtual game to be played between a player
instrumented with a motion capture sensor, along with an
optional second user or previous performance of the first
user along with an optional historical figure.

FIG. 37 illustrates an embodiment of the equation used to
calculate the accelerations in the x, y and z axes.

DETAILED DESCRIPTION OF THE
INVENTION

A fitting system for sporting equipment will now be
described. In the following exemplary description numerous
specific details are set forth in order to provide a more
thorough understanding of the ideas described throughout
this specification. It will be apparent, however, to an artisan
of ordinary skill that embodiments of ideas described herein
may be practiced without incorporating all aspects of the
specific details described herein. In other instances, specific
aspects well known to those of ordinary skill in the art have
not been described in detail so as not to obscure the
disclosure. Readers should note that although examples of
the innovative concepts are set forth throughout this disclo-
sure, the claims, and the full scope of any equivalents, are
what define the invention.
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FIG. 1 illustrates an embodiment of the fitting system for
sporting equipment 100. As shown, embodiments of the
system generally include a mobile device 101 and applica-
tions that execute thereon, that includes computer 160,
shown as located internally in mobile device 101 as a dotted
outline, (i.e., also see functional view of computer 160 in
FIG. 1A), display 120 coupled to computer 160 and a
wireless communications interface (generally internal to the
mobile device, see element 164 in FIG. 1A) coupled with the
computer. Since mobile phones having mobile computers
are ubiquitous, users of the system may purchase one or
more motion capture elements and an application, ak.a.,
“app”, that they install on their pre-existing phone to imple-
ment an embodiment of the system. Motion capture capa-
bilities are thus available at an affordable price for any user
that already owns a mobile phone, tablet computer, music
player, etc., which has never been possible before. Embodi-
ments of the mobile device execute the app, which is
specifically programmed to prompt and accept motion inputs
from a given motion capture sensor as moved by the user to
specific locations or through rotations, to measure a dimen-
sion or size of user 150, or range of motion. For example, the
app may prompt the user to move motion capture sensor 111
by hand, after removal from piece of equipment 110,
between the user’s other hand and shoulder. The distance
between the two points is shown as length “L”, e.g., of the
user’s arm. In addition, the system may prompt the user for
a range of motion, shown as “ROM” with the sensor held in
the other hand and with the sensor moved by the user as
prompted from the side to the highest point with the arm
extended, or with the wrist rotated while at the same
location, to measure that specific range of motion for that
body part. Embodiments may optionally only measure a
range of motion and determine “L.” via as the center point of
the radius of the range of motion as well. The system may
also measure the speed, shown as “S” at the same time or
with piece of equipment 110, e.g., after motion capture
sensor 111 is again coupled with the piece of equipment as
prompted by the system for example, or alternatively with an
existing motion capture sensor mounted on the piece of
equipment via mount 192. Embodiments may also then
utilize the same sensor to capture motion data from the piece
of equipment, for example to further optimize the fit of
and/or further collect motion capture data. Embodiments
may provide information related to the optimal fit or other-
wise suggest purchase of a particular piece of sporting
equipment. Embodiments may utilize correlation or other
algorithms or data mining of motion data for size, range of
motion, speed of other users to maximize the fit of a piece
of' equipment for the user based on other user’s performance
with particular equipment. For example, this enables a user
of a similar size, range of motion and speed to data mine for
the best performance equipment, e.g., longest drive, lowest
putt scores, highest winning percentage, etc., associated with
other users having similar characteristics.

Specifically, one or more embodiments of the fitting
system for sporting equipment include at least one motion
capture element 111 that includes a wireless communication
interface configured to transmit motion capture data from
the at least one motion capture element and an application
configured to execute on computer 160 within a mobile
device, e.g., 101, 102, 1024, 1025, 103 or 105 that is
configured to wirelessly communicate with the motion cap-
ture sensor, and optionally configured to telephonically
communicate. FIG. 1G shows the processing that occurs on
the computer. In one or more embodiments the application
is configured to prompt a first user to move the motion
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capture sensor to a first location at 1181 and accept a first
motion capture data from the motion capture sensor at the
first location via the wireless communication interface,
prompt the first user to move the motion capture sensor to a
second location or rotation at 1182, accept a second motion
capture data or rotation from the motion capture sensor at the
second location via the wireless communication interface,
calculate a distance or rotation at 1183 between the first and
second location or rotation based on the first and second
motion capture data. The distance may include a height or an
arm length, or a torso length, or a leg length, or a wrist to
floor measurement, or a hand size or longest finger size or
both the hand size and longest finger size of the first user, or
any combination thereof or any other dimension or length
associated with the first user. Distances may be calculated by
position differences, or by integrating velocity or doubly
integrating acceleration, or in any other manner determining
how far apart or how much rotation has occurred depending
on the types of internal sensors utilized in the motion capture
sensor as one skilled in the art will appreciate. For example,
embodiments of the invention may prompt the user to hold
the motion capture sensor in the user’s hand and hold the
hand on top of the user’s head and then prompt the user to
place the sensor on the ground, to calculate the distance
therebetween, i.e., the height of the user. In another example,
the system may prompt the user to hold the sensor in the
hand, for example after decoupling the sensor from a golf
club and then prompt the user to place the sensor on the
ground. The system then calculates the distance as the “wrist
to floor measurement”, which is commonly used in sizing
golf clubs for example. Embodiments of the system may
also prompt the user to move the sensor from the side of the
user to various positions or rotational values, for example to
rotate the sensor while at or through various positions to
calculate the range of motion, for example through flexion,
extension, abduction, adduction, lateral rotation, medial
rotation, etc. Any of these characteristics, dimensions, dis-
tances, lengths or other parameters may be stored in Table
180a shown in FIG. 1B and associated with the particular
user. In one or more embodiments, the application is further
configured to prompt the first user to couple the motion
capture sensor to a piece of equipment at 1184 and prompt
the first user to move the piece of equipment through a
movement at 1185, for example at the speed intended to be
utilized when playing a particular sport or executing a
particular movement associated with a piece of sporting
equipment. The application is further configured to accept a
third motion capture data from the motion capture sensor for
the movement via the wireless communication interface and
calculate a speed for the movement at 1186 based on the
third motion capture data. In one or more embodiments, the
application is configured to calculate a correlation at 1187
between the distance and the speed for the first user with
respect to a plurality of other users and present information
associated with an optimally fit or sized piece of equipment
associated with other users. For example, the system may
choose a second user having a maximum value correlation
or correlation to the first user within a particular range, for
example at least with the distance and the speed of the first
user. The system may then search through the closest
parameter users and choose the one with the maximum or
minimum performance or score or distance of hitting, etc.,
and select the make/model of the piece of equipment for
presentation to the user. For example, one such algorithm
may for example provide a list of make and model of the
lowest scoring golf shaft, or longest hitting baseball bat
associated with a similar size/range of motion/speed user.
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Embodiments of the user may use the speed of the user
through motions or the speed of the equipment through
motions or both in correlation calculations for example. The
information for the best performing make/model and size of
the piece of equipment is presented to the user at 1188.

Other embodiments may display one or more images to
enable the first user to view a sporting event, for example via
TV 143 or via any of the mobile devices, wireless devices
capable of displaying an image 103, or other computers 101,
102, 1024, 1025 or 105. Embodiments may accept an input
from the first user to purchase the piece of equipment based
the distance, or range of motion or the speed previously
stored with respect to the first user or any combination
thereof. For example, the piece of equipment may be shown
in the sporting event, but sized to fit the user based on the
user’s previously stored or currently accepted or calculated
parameters. Embodiments may also prompt the first user for
their age and utilize this when calculation of the correlation
is performed. Embodiments may present information asso-
ciated with a grip or length of the optimally sized piece of
equipment, or stiffness, or model or manufacturer, or any
combination thereof.

Embodiments of the application may also be configured to
recognize when the at least one motion capture element is
removed from the piece of equipment based on the motion
capture data. The application may for example accept ges-
tures or analyze the motion to determine that it could not be
output from a particular piece of equipment based on the
motion. Alternatively, or in combination, embodiments of
the invention may recognize when the at least one motion
capture element is coupled with the piece of equipment
based on the motion capture data. For example if the motion
data is analyzed and is determined to have a path of motion
indicative of a baseball bat swing or golf swing then, the
system may indicate that the motion capture sensor is
currently coupled to the piece of equipment. Furthermore,
since different pieces of equipment may utilize the same
sensor, for example after decoupling from one and placing
in the other, particular types of motion, for example a skate
board and a tennis racquet may be automatically determined
based on a barrel roll of the skateboard or serve of the
racquet which indicates the path of motion that is unique or
at least indicative of that type of equipment. This enables
automatic sensing of the piece of equipment currently
coupled with the sensor.

Each mobile device 101, 102, 1024, 10256 may optionally
include an internal identifier reader 190, for example an
RFID reader, or may couple with an identifier reader or
RFID reader (see mobile device 102) to obtain identifier
191. Alternatively, embodiments of the invention may utilize
any wireless technology in any of the devices to communi-
cate an identifier that identifies equipment 110 to the system.
The system generally may be utilized to fit any type of piece
of'equipment 110. The motion capture sensor(s) may couple
with the user or piece of equipment via mount 192, for
example to a golf club, or baseball bat, tennis racquet,
hockey stick, weapon, stick, sword, or any other piece of
equipment for any sport, or other sporting equipment such as
a shoe, belt, gloves, glasses, hat, or any other item. The at
least one motion capture element 111 may be placed at one
end, both ends, or anywhere between both ends of piece of
equipment 110 or anywhere on user 150 and may be utilized
for EI measurements of any item. The motion capture
element may optionally include a visual marker, either
passive or active, and/or may include a wireless sensor, for
example any sensor capable of providing any combination
of one or more values associated with an orientation (North/
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South and/or up/down), position, velocity and/or accelera-
tion of the motion capture element. The computer may be
configured to obtain data associated with an identifier unique
to each piece of equipment 110, e.g., clothing, bat, etc., for
example from an RFID coupled with club 110, i.e., identifier
191, and optionally associated with the at least one motion
capture element, either visually or wirelessly, analyze the
data to form motion analysis data and display the motion
analysis data on display 120 of mobile device 101. Motion
capture element 111 may be mounted on or near the equip-
ment or on or near the user via motion capture mount 192.
The motion capture data from motion capture element 111,
any data associated with the piece of equipment 110, such as
identifier 191 and any data associated with user 150, or any
number of such users 150, such as second user 152 may be
stored in locally in memory, or in a database local to the
computer or in a remote database, for example database 172.
Data may be stored in database 172 from each user 150, 152
for example when a network or telephonic network link is
available from motion capture element 111 to mobile device
101 and from mobile device 101 to network 170 or Internet
171 and to database 172. Data mining is then performed on
a large data set associated with any number of users and their
specific characteristics and performance parameters. For
example, in a golf embodiment of the invention, a club ID
is obtained from the golf club and a shot is detected by the
motion capture element. Mobile computer 101 stores
images/video of the user and receives the motion capture
data for the events/hits/shots/motion and the location of the
event on the course and subsequent shots and determines
any parameters for each event, such as distance or speed at
the time of the event and then performs any local analysis
and display performance data on the mobile device. When a
network connection from the mobile device to network 170
or Internet 171 is available or for example after a round of
golf, the images/video, motion capture data and performance
data is uploaded to database 172, for later analysis and/or
display and/or data mining. In one or more embodiments,
users 151, such as original equipment manufacturers pay for
access to the database, for example via a computer such as
computer 105 or mobile computer 101 or from any other
computer capable of communicating with database 172 for
example via network 170, Internet 171 or via website 173 or
a server that forms part of or is coupled with database 172.
Data mining may execute on database 172, for example that
may include a local server computer, or may be run on
computer 105 or mobile device 101, 102, 102a or 1025 and
access a standalone embodiment of database 172 for
example. Data mining results may be displayed on mobile
device 101, computer 105, television broadcast or web video
originating from camera 130, 130a and 1035, or 104 or
accessed via website 173 or any combination thereof.

One or more embodiments of the system may utilize a
mobile device that includes at least one camera 130, for
example coupled to the computer within the mobile device.
This allows for the computer within mobile device 101 to
command the camera 130 to obtain an image or images, for
example of the user during an athletic movement. The
image(s) of the user may be overlaid with displays and
ratings to make the motion analysis data more understand-
able to a human for example. Alternatively, detailed data
displays without images of the user may also be displayed on
display 120 or for example on the display of computer 105.
In this manner two-dimensional images and subsequent
display thereof is enabled. If mobile device 101 contains two
cameras, as shown in mobile device 102, i.e., cameras 130a
and 1304, then the cameras may be utilized to create a
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three-dimensional data set through image analysis of the
visual markers for example. This allows for distances and
positions of visual markers to be ascertained and analyzed.
Images and/or video from any camera in any embodiments
of'the invention may be stored on database 172, for example
associated with user 150, for data mining purposes. In one
or more embodiments of the invention image analysis on the
images and/or video may be performed to determine make/
models of equipment, clothes, shoes, etc., that is utilized, for
example per age of user 150 or time of day of play, or to
discover any other pattern in the data.

Alternatively, for embodiments of mobile devices that
have only one camera, multiple mobile devices may be
utilized to obtain two-dimensional data in the form of
images that is triangulated to determine the positions of
visual markers. In one or more embodiments of the system,
mobile device 101 and mobile device 102a share image data
of'user 150 to create three-dimensional motion analysis data.
By determining the positions of mobile devices 101 and 102
(via position determination elements such as GPS chips in
the devices as is common, or via cell tower triangulation and
which are not shown for brevity but are generally located
internally in mobile devices just as computer 160 is), and by
obtaining data from motion capture element 111 for example
locations of pixels in the images where the visual markers
are in each image, distances and hence speeds are readily
obtained as one skilled in the art will recognize.

Camera 103 may also be utilized either for still images or
as is now common, for video. In embodiments of the system
that utilize external cameras, any method of obtaining data
from the external camera is in keeping with the spirit of the
system including wireless communication of the data, or via
wired communication as when camera 103 is docked with
computer 105 for example, which then may transfer the data
to mobile device 101.

In one or more embodiments of the system, the mobile
device on which the motion analysis data is displayed is not
required to have a camera, i.e., mobile device 10256 may
display data even though it is not configured with a camera.
As such, mobile device 1025 may obtain images from any
combination of cameras on mobile device 101, 102, 1024,
camera 103 and/or television camera 104 so long as any
external camera may communicate images to mobile device
102b. Alternatively, no camera is required at all to utilize the
system.

FIGS. 1 and 1F also illustrate a broadcasting system and
method for broadcasting images with augmented motion
data including at least one camera 103, 104, configured to
receive images associated with or otherwise containing at
least one motion capture element 111, a computer 140, and
a wireless communication interface 106 configured to
receive motion capture data from the at least one motion
capture element. In one or more embodiments, the computer
140 is coupled with the wireless communication interface
106 and the at least one camera, and the computer 140 is
configured to receive the motion capture data after a com-
munications link to the at least one motion capture element
111 is available and capable of receiving information for
example as shown in FIG. 1F at 1191. Embodiments also
may receive the motion capture data after an event or
periodically request the motion capture data at 1192 as per
FIG. 1F from the at least one motion capture element 111 as
per FIG. 1. This enables the system to withstand commu-
nication link outages, and even enables the synchronization
of video with motion capture data in time at a later point in
time, for example once the motion capture element is in
range of the wireless receiver. Embodiments may receive
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motion capture data from at least one motion capture ele-
ment 111, for example from one user 150 or multiple users
150, 151, 152 or both. One or more embodiments also may
recognize the at least one motion capture element 111
associated with a user 150 or piece of equipment 110 and
associate the at least one motion capture element 111 with
assigned locations on the user 150 or the piece of equipment
110, at 1193 of FIG. 1F. For example, when a user performs
a motion event, such as swinging, hitting, striking, or any
other type of motion-related activity, the system is able to
associate the motion event with locations on the user, or
equipment such as a golf club, racket, bat, glove, or any
other object, to recognize, or identify, the at least one motion
capture element. Embodiments may also receive data asso-
ciated with the at least one motion capture element 111 via
the wireless communication interface at 1194 as per FIG. 1F,
and also may receive one or more images of the user
associated with the motion capture element at 1195 of FIG.
1F from the at least one camera 103, 104. Such data and
images allow the system to, for example, obtain an array of
information associated with users, equipment, and events
and/or to output various performance elements therefrom.
One or more embodiments may also analyze the data to form
motion analysis data at 1196 of FIG. 1F. Motion analysis
data, for example, allows the system to obtain and/or output
computer performance information to for example broadcast
to the users, to viewers, coaches, referees, networks, and any
other element capable of receiving such information. Motion
analysis data for example may show motion related quan-
titative data in a graphical or other easy to understand
viewing format to make the data more understandable to the
user than for example pure numerical lists of acceleration
data. For example, as shown in FIG. 1F, embodiments of the
invention may also at 1197, draw a three-dimensional over-
lay onto at least one of the one or more images of the user,
a rating onto at least one of the one or more images of the
user, at least one power factor value onto at least one of the
one or more images of the user, a calculated ball flight path
onto at least one of the one or more images of the user, a time
line showing points in time along a time axis where peak
values occur onto at least one of the one or more images of
the user, an impact location of a ball on the piece of
equipment onto at least one of the one or more images of the
user, a slow motion display of the user shown from around
the user at various angles at normal speed onto at least one
of the one or more images of the user, or any combination
thereof associated with the motion analysis data. One or
more embodiments may also broadcast the images at 1198,
to a multiplicity of display devices including television 143,
mobile devices 101, 102, 102a, 1025, computer 105, and/or
to the Internet 171. For example, the multiplicity of display
devices may include televisions, mobile devices, or a com-
bination of both televisions and mobile devices, or any other
devices configured to display images.

FIG. 1E illustrates a data flow diagram for an embodiment
of the system that enables broadcasting and/or otherwise
accessing previously stored motion capture data or motion
analysis data. As shown, the computer 140 is coupled
camera 104 to obtain image data and with wireless interface
106 and with TV broadcast component 141 and may also be
configured to access previously stored motion capture data
or motion analysis data associated with the user 150 or piece
of equipment 110, or previously stored motion capture data
or motion analysis data associated with at least one other
user 152 or other piece of equipment. The data flow in this
example is from the camera(s) and wireless interface
through the computer and out to the Internet for viewing on
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any type of computer 105 and/or out to the TV broadcast
equipment 141 for over the air, satellite or other television
broadcast mechanism. This allows the system to, for
example, analyze different movements or events associated
with one player, a second player, historical players, a first
piece of equipment such as a first golf club, or a second piece
of equipment such as a second golf club, in order to obtain
motion depiction for statistical use, for display use, for use
in a game, or any other related application and broadcast the
motion analysis data to a multiplicity of televisions or
computers viewable by users 151. Embodiments may also
broadcast information comprising at least one avatar asso-
ciated with the at least one user on a virtual reality display
based on the motion analysis data associated with the user or
piece of equipment and the previously stored motion capture
data or motion analysis data associated with the user or piece
of'equipment or the previously stored motion capture data or
motion analysis data associated with at least one other user
or other piece of equipment. For example, a player may play
against an opponent, who may be a historical figure dis-
played as an avatar for example on a television 141, 143 or
Internet broadcast to show the difference in performance
between the player and a previous shot played by the same
player or any other player. In addition, the images may be
displayed on the virtual reality display, without the oppo-
nent, or historical figure, physically present with the player.
In addition or alternatively, the computer may also be
configured to broadcast the one or more images based on a
comparison of the motion analysis data associated with the
user or the piece of equipment and previously stored motion
capture data or motion analysis data associated with the user
or the piece of equipment or previously stored motion
capture data or the motion analysis data associated with at
least one other user. For example, this allows the player to
be shown in contrast to a novice, an average, or a profes-
sional level player using motion analysis data from various
groups of players.

In one or more embodiments, as also shown in FIG. 1E,
the system may also comprise an identifier 191 coupled with
the user 150, 152 or the piece of equipment 110. The
computer 140 or wireless interface may also further include
an identifier reader to obtain the identifier, and the computer
may be further configured to receive the identifier in any
manner and associate the identifier with the motion analysis
data. This allows the computer to accurately identify, and/or
locate, the user associated with the motion analysis data.
This is especially useful when multiple users or several
people are located in the same area, or when multiple events
are taking place in the same area. Embodiments may further
be configured to predict a first derivative or other derivate
based on age or growth rates to determine the best fitting
equipment for children, such as child 152 or adolescent or
other user 150, that will fit for the longest time or otherwise
minimize costs and maximize usage of equipment as well.
This for example may be performed by differencing two
measurement values in table 1804, dividing by the difference
in the dates when the measurements where taken as per the
date/time field, to determine a rate of growth and predicting
a size at a future point in time to determine the longest time
that a particular piece of equipment should last for the user
for example based on predicted growth rates for similar
persons or persons within an age range. Other embodiments
of the invention may suggest exercises and/or stretches that
would improve performance to a predicted performance
level based on other users performance data and suggest
equipment that would be appropriate for an increase strength
or flexibility so that users can “grow into” or “improve into”
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equipment. Through use of the range of motion and date/
time fields, and using the differences therebetween, the
range of motion over time may be shown to increase,
decrease or stay the same. In addition, other embodiments of
the invention may be utilized over time to detect tight areas
or areas that may be indicative of injury for example and
alert the user in a similar manner. For example if the range
of motion or speed S decreases, over time, the user may be
alerted or a massage may be automatically scheduled for
example. The user may be alerted in any manner to the
changes and exercises or stretches or other equipment may
be suggested to the user. One or more embodiments of the
invention may be utilized for gait analysis for fitting of
shoes, for example for improved standing, walking or run-
ning. In one or more embodiments, the step and stride length
and time between steps or cadence, the speed, angle of the
foot and other limbs for example if instrumented with more
than one sensor, the pressure may also be obtained as per
FIG. 13 and the associated pressure detecting apparatus and
stored for in table 180a. Any combination of these may be
determined and/or otherwise derived and utilized for
example compared to baselines or thresholds or ranges to
determine where problems exist or where a piece of equip-
ment provides adequate or optimal fit.

In one or more embodiments, the computer is further
configured to broadcast the images to enable a multiplicity
of viewers to purchase the piece of equipment based on the
images, and may also be configured to broadcast an adver-
tisement with information related to purchasing the piece of
equipment based the images. For example, the player, or
piece of equipment of interest, may have a new maximum
power factor for a given swing, or compared to the average
power factor of average users, or professionals, suggesting
that the piece of equipment used by the player may improve
performance, in the interest of the potential buyer. Further-
more, for example, an advertisement may be displayed at the
bottom of a display screen, or anywhere else on a display
screen, showing the new maximum power factor along with
a URL or other information related to the equipment, allow-
ing the viewer to purchase the equipment. Other information
related to the equipment may comprise phone numbers,
addresses, names, vendors, events or any other data helpful
to the viewer in purchasing the equipment. In addition to, or
alternatively, the computer may be further configured to
broadcast the images to enable a multiplicity of viewers to
order a custom fitted piece of equipment over a network, for
example by specitying their height or other dimensions for
example alone or in combination with previously stored
motion capture data or physical parameters as measured or
derived therefrom.

At least one of the previously disclosed embodiments may
also be configured to intermittently receive the motion
capture data and synchronize the images in time with the
motion capture data, for example from motion capture
sensor(s) 111. This enables video capture and motion capture
data to be combined at a later timer, as opposed to real-time
combination of video and data. This enables intelligent low
power usage on the motion capture element since the
transmitter is not required to be transmitting continuously. In
one or more embodiments, the computer may be configured
to intermittently receive the motion capture data and syn-
chronize the images in time with the motion capture data
based on location information associated with the images,
and location information, an identifier and time associated
with the motion capture element. The computer of one or
more embodiments may also be configured to intermittently
receive the motion capture data and synchronize the images
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in time with the motion capture data based on time and an
identifier associated with the images, and time and an
identifier associated with the motion capture data element.
Also, in one or more embodiments, the computer may be
configured to intermittently receive the motion capture data
and synchronize the images in time with the motion capture
data based on time, location information and a motion event
associated with the images, and time, location information
and a motion event associated with the motion capture data
element. Configuring the computer as such allows the sys-
tem to identify and locate the user associated with the
images and motion capture data received, by either using
time and an identifier of the images and motion capture
element, or time, location and an event associated with the
images or motion capture data element. Using an identifier,
for example, allows the system to accurately identify a
specific motion capture element associated with the user or
piece of equipment, especially when the motion capture data
is obtained from a previously stored or recorded event,
rather than in real time. Also, using an event associated with
the images and motion capture data element, in addition to
the location and time, for example, allows the system to
accurately identify a specific motion associated with the user
or piece of equipment. A specific motion may include, a
swing, a strike, a hit, or any other motion-related data,
associated with the user or piece of equipment. For example,
if multiple players are located on a golf course, or if a player
is advancing from one hole to the next on a golf course,
using the location, time and event (or identifier in some
instances) associated with the player or pieces of equipment,
the system is able to identify which player performed which
event at which location and at what time. Furthermore, the
system is able to correlate the data received to the correct
player, based on the location, time, and event (or in some
instances, identifier) information available. This enables the
system to broadcast images with augmented motion data at
a later time and still be able to accurately associate the data
and information obtained to a specific user or piece of
equipment and to the images thereof.

For television broadcasts, motion capture element 111
wirelessly transmits data that is received by antenna 106.
The wireless sensor data thus obtained from motion capture
element 111 is combined with the images obtained from
television camera 104 to produce displays with augmented
motion analysis data that can be broadcast to televisions,
computers such as computer 105, mobile devices 101, 102,
102a, 1026 or any other device configured to display
images, for example as broadcast using television broadcast
equipment 141. The motion analysis data can be positioned
on display 120, or television 143 or computer screen on
computer 105 for example by knowing the location of a
camera (for example via GPS information), and by knowing
the direction and/or orientation that the camera is pointing so
long as the sensor data includes location data (for example
GPS information). In other embodiments, visual markers or
image processing may be utilized to lock the motion analysis
data to the image, e.g., the golf club head can be tracked in
the images and the corresponding high, middle and low
position of the club can be utilized to determine the orien-
tation of user 150 to camera 130 or 104 or 103 for example
to correctly plot the augmented data onto the image of user
150. By time stamping images and time stamping motion
capture data, for example after synchronizing the timer in
the microcontroller with the timer on the mobile device and
then scanning the images for visual markers or sporting
equipment at various positions, simplified motion capture
data may be overlaid onto the images. Any other method of
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combining images from a camera and motion capture data
may be utilized in one or more embodiments of the inven-
tion. Any other algorithm for properly positioning the
motion analysis data on display 120 with respect to a user (or
any other display such as on computer 105) may be utilized
in keeping with the spirit of the system. In one or more
embodiments, the velocity of zero point in a swing, for
example at the maximum of a backswing may be utilized to
pinpoint a club head in an image, wherein the maximum
rearmost position in the image may be matched with the
horizontal orientation obtained from the motion capture data
while the strike point in the image may be matched with the
impact point where impact oscillations begin to occur in the
motion capture data. A line may be then drawn, for example
tracing the path of the contrast or color of the club head as
directed or accepted as inputs into computer 140. The points
that are connected may be further modified on computer 140
and the drawing may thus be completed and broadcast out to
the Internet and over the television broadcast equipment for
example.

One such display that may be generated and displayed on
mobile device 101 include a BULLET TIME® view using
two or more cameras selected from mobile devices 101, 102,
102a, camera 103, and/or television camera 104 or any other
external camera. In this embodiment of the system, the
computer is configured to obtain two or more images of user
150 and data associated with the at least one motion capture
element (whether a visual marker or wireless sensor),
wherein the two or more images are obtained from two or
more cameras and wherein the computer is configured to
generate a display that shows slow motion of user 150
shown from around the user at various angles at normal
speed. Such an embodiment for example allows a group of
fans to create their own BULLET TIME® shot of a golf pro
at a tournament for example. The shots may be sent to
computer 105 and any image processing required may be
performed on computer 105 and broadcast to a television
audience for example. In other embodiments of the system,
the users of the various mobile devices share their own set
of images, and or upload their shots to a website for later
viewing for example. Embodiments of the invention also
allow images or videos from other players having mobile
devices to be utilized on a mobile device related to another
user so that users don’t have to switch mobile phones for
example. In one embodiment, a video obtained by a first user
for a piece of equipment in motion that is not associated with
the second user having the video camera mobile phone may
automatically transfer the video to the first user for display
with motion capture data associated with the first user.

FIG. 1A shows an embodiment of computer 160. In
computer 160 includes processor 161 that executes software
modules, commonly also known as applications, generally
stored as computer program instructions within main
memory 162. Display interface 163 drives display 120 of
mobile device 101 as shown in FIG. 1. Optional orientation/
position module 167 may include a North/South or up/down
orientation chip or both. Communication interface 164 may
include wireless or wired communications hardware proto-
col chips and/or an RFID reader or an RFID reader may
couple to computer 160 externally or in any other manner for
example. In one or more embodiments of the system com-
munication interface may include telephonic and/or data
communications hardware. In one or more embodiments
communication interface 164 may include a Wi-Fi™ or
other IEEE 802.11 device and/or BLUETOOTH® wireless
communications interface or ZigBee® wireless device or
any other wireless technology. BLUETOOTH® class 1
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devices have a range of approximately 100 meters, class 2
devices have a range of approximately 10 meters. BLU-
ETOOTH® Low Power devices have a range of approxi-
mately 50 meters. Any wireless network protocol or type
may be utilized in embodiments of the system so long as
mobile device 101 and motion capture element 111 can
communicate with one another. Processor 161, main
memory 162, display interface 163, communication inter-
face 164 and orientation/position module 167 may commu-
nicate with one another over communication infrastructure
165, which is commonly known as a “bus”. Communica-
tions path 166 may include wired or wireless medium that
allows for communication with other wired or wireless
devices over network 170. Network 170 may communicate
with Internet 171 and/or database 172. Database 172 may be
utilized to save or retrieve images or videos of users, or
motion analysis data, or users displayed with motion analy-
sis data in one form or another. The data uploaded to the
Internet, i.e., a remote database or remote server or memory
remote to the system may be viewed, analyzed or data mined
by any computer that may obtain access to the data. This
allows for original equipment manufacturers to determine
for a given user what sporting equipment is working best
and/or what equipment to suggest. Data mining also enables
the planning of golf courses based on the data and/or
metadata associated with users, such as age, or any other
demographics that may be entered into the system. Remote
storage of data also enables medical applications such as
morphological analysis, range of motion over time, and
diabetes prevention and exercise monitoring and compliance
applications. Data mining based applications also allow for
games that use real motion capture data from other users,
one or more previous performances of the same user, or
historical players whether alive or dead after analyzing
motion pictures or videos of the historical players for
example. Virtual reality and augmented virtual reality appli-
cations may also utilize the motion capture data or historical
motion data. The system also enables uploading of perfor-
mance related events and/or motion capture data to database
172, which for example may be implemented as a social
networking site. This allows for the user to “tweet” high
scores, or other metrics during or after play to notify
everyone on the Internet of the new event.

FIG. 1B illustrates an architectural view of an embodi-
ment of database 172 utilized in embodiments of the system.
As shown tables 180-185 include information related to N
number of users, M pieces of equipment per user, K user
measurements (size, range of motion, speed for particular
body parts/joints), P number of sensors per user or equip-
ment, S number of sensor data per sensor, T number of
patterns found in the other tables, and D number of data
users. All tables shown in FIG. 1B are exemplary and may
include more or less information as desired for the particular
implementation. Specifically, table 180 includes information
related to user 150 which may include data related to the
user such as age, height, weight, sex, address or any other
data. Table 1804 includes information related to the various
distances between joints or any other dimensions of the
human body, along with any range of motion for any desired
parts of the body, along with speed of any desired parts of
the body. The table may contain sport specific values of
interest “wrist to floor” for golf, or may derive these
quantities based on other measurements for example. Any
other physical characteristics may also be stored in this table
for a particular user as desired for the particular fitting
application. Table 181 include information related to M
number of pieces of equipment 110, which may include
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clubs, racquets, bats, shirts, pants, shoes, gloves, helmets,
etc., for example the manufacturer of the equipment, model
of the equipment, and type of the equipment. For example,
in a golf embodiment, the manufacturer may be the name of
the manufacturer, the model may be a name or model
number and the type may be the club number, i.e., 9 iron, the
equipment ID may be identifier 191 in one or more embodi-
ments of the invention. Table 182 may include information
related to P number of sensors 111 on user 150 or equipment
110 or mobile computer 101. The sensors associated with
user 150 may include clothing, clubs, etc., the sensors
associated with equipment 110 may for example be motion
capture data sensors, while the sensors associated with
mobile computer 101 may include sensors 167 for position/
orientation and sensors 130 for images/video for example.
Table 183 may include information related to S number of
sensor data per user per equipment, wherein the table may
include the time and location of the sensor data, or any other
metadata related to the sensor data such as temperature,
weather, humidity, etc., or the sensor data may include this
information or any combination thereof. The table may also
contain a myriad of other fields, such as ball type, i.e., in a
golf embodiment the type of golf ball utilized may be saved
and later data mined for the best performing ball types, etc.
Table 184 may include information related to T number of
patterns that have been found in the data mining process for
example. This may include fields that have been searched in
the various tables with a particular query and any resulting
related results. Any data mining results table type may be
utilized in one or more embodiments of the invention as
desired for the particular implementation. This may include
search results of any kind, including EI measurements,
which also may be calculated on computer 160 locally, or
any other search value from simple queries to complex
pattern searches. Table 185 may include information related
to D number of data mining users 151 and may include their
access type, i.e., full database or pattern table, or limited to
a particular manufacturer, etc., the table may also include
payment requirements and/or receipts for the type of usage
that the data mining user has paid for or agreed to pay for
and any searches or suggestions related to any queries or
patterns found for example. Any other schema, including
object oriented database relationships or memory based data
structures that allow for data mining of sensor data including
motion capture data is in keeping with the spirit of the
invention. Although exemplary embodiments for particular
activities are given, one skilled in the art will appreciate that
any type of motion based activity may be captured and
analyzed by embodiments of the system using a motion
capture element and app that runs on a user’s existing cell
phone 101, 102 or other computer 105 for example.

There are a myriad of applications that benefit and which
are enabled by embodiments of the system that provide for
viewing and analyzing motion capture data on the mobile
computer or server/database, for example for data mining
database 172 by users 151. For example, users 151 may
include compliance monitors, including for example par-
ents, children or elderly, managers, doctors, insurance com-
panies, police, military, or any other entity such as equip-
ment manufacturers that may data mine for product
improvement. For example in a tennis embodiment by
searching for top service speeds in Table 183 for users of a
particular size, range of motion, speed, as per Table 180a or
age via Table 180, or in a golf embodiment by searching for
distances, i.e., differences in sequential locations in table
183 based on swing speed in the sensor data field in table
183 to determine which make or model would be the optimal
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scoring or fitting piece of equipment for a particular user
based on the data associated with other similar users. Other
embodiments related to compliance enable messages from
mobile computer 101 or from server/database to be gener-
ated if thresholds for G-forces, (high or zero or any other
levels), to be sent to compliance monitors, managers, doc-
tors, insurance companies, etc., as previously described.
Users 151 may include marketing personnel that determine
which pieces of equipment certain users own and which
related items that other similar users may own, in order to
target sales at particular users. Users 151 may include
medical personnel that may determine how much movement
a sensor for example coupled with a shoe, i.e., a type of
equipment, of a diabetic child has moved and how much this
movement relates to the average non-diabetic child, wherein
suggestions as per table 185 may include giving incentives
to the diabetic child to exercise more, etc., to bring the child
in line with healthy children. Sports physicians, physiolo-
gists or physical therapists may utilize the data per user, or
search over a large number of users and compare a particular
movement of a user or range of motion for example to other
users to determine what areas a given user can improve on
through stretching or exercise and which range of motion
areas change over time per user or per population and for
example what type of equipment a user may utilize to
account for changes over time, even before those changes
take place. Data mining motion capture data and image data
related to motion provides unique advantages to users 151.
Data mining may be performed on flex parameters measured
by the sensors to determine if sporting equipment, shoes,
human body parts or any other item changes in flexibility
over time or between equipment manufacturers or any
combination thereof.

To ensure that analysis of user 150 during a motion
capture includes images that are relatively associated with
the horizon, i.e., not tilted, the system may include an
orientation module that executes on computer 160 within
mobile device 101 for example. The computer is configured
to prompt a user to align the camera along a horizontal plane
based on orientation data obtained from orientation hard-
ware within mobile device 101. Orientation hardware is
common on mobile devices as one skilled in the art will
appreciate. This allows the image so captured to remain
relatively level with respect to the horizontal plane. The
orientation module may also prompt the user to move the
camera toward or away from the user, or zoom in or out to
the user to place the user within a graphical “fit box™, to
somewhat normalize the size of the user to be captured.
Images may also be utilized by users to prove that they have
complied with doctors’ orders for example to meet certain
motion requirements.

Embodiments of the system are further configured to
recognize the at least one motion capture element associated
with user 150 or piece of equipment 110 and associate at
least one motion capture element 111 with assigned loca-
tions on user 150 or piece of equipment 110. For example,
the user can shake a particular motion capture element when
prompted by the computer within mobile device 101 to
acknowledge which motion capture element the computer is
requesting an identity for. Alternatively, motion sensor data
may be analyzed for position and/or speed and/or accelera-
tion when performing a known activity and automatically
classified as to the location of mounting of the motion
capture element automatically, or by prompting the user to
acknowledge the assumed positions.

One or more embodiments of the computer in mobile
device 101 is configured to obtain at least one image of user
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150 and display a three-dimensional overlay onto the at least
one image of user 150 wherein the three-dimensional over-
lay is associated with the motion analysis data. Various
displays may be displayed on display 120. The display of
motion analysis data may include a rating associated with
the motion analysis data, and/or a display of a calculated ball
flight path associated with the motion analysis data and/or a
display of a time line showing points in time along a time
axis where peak values associated with the motion analysis
data occur and/or a suggest training regimen to aid the user
in improving mechanics of the user. These filtered or ana-
lyzed data sensor results may be stored in database 172, for
example in table 183, or the raw data may be analyzed on the
database (or server associated with the database or in any
other computer or combination thereof in the system shown
in FIG. 1 for example), and then displayed on mobile
computer 101 or on website 173, or via a television broad-
cast from camera 104 for example. Data mining results may
be combined in any manner with the unique displays of the
system and shown in any desired manner as well.

Embodiments of the system may also present an interface
to enable user 150 to purchase piece of equipment 110 over
the wireless interface of mobile device 101, for example via
the Internet, or via computer 105 which may be imple-
mented as a server of a vendor. In addition, for custom fitting
equipment, such as putter shaft lengths, or any other custom
sizing of any type of equipment, embodiments of the system
may present an interface to enable user 150 to order a
customer fitted piece of equipment over the wireless inter-
face of mobile device 101. Embodiments of the invention
also enable mobile device 101 to suggest better performing
equipment to user 150 or to allow user 150 to search for
better performing equipment as determined by data mining
of database 172 for distances of golf shots per club for users
with swing velocities within a predefined range of user 150.
This allows for real life performance data to be mined and
utilized for example by users 151, such as OEMs to suggest
equipment to user 150, and be charged for doing so, for
example by paying for access to data mining results as
displayed in any computer shown in FIG. 1 or via website
173 for example. In one or more embodiments of the
invention database 172 keeps track of OEM data mining and
is configured to bill users 151 for the amount of access each
of users 151 has purchased and/or used for example over a
giving billing period. See FIG. 1B for example. In addition,
for broadcast embodiments, performance data of any form,
e.g., overlays or power factors of a player on television may
be broadcast and displayed on any computer coupled with
the system. The broadcast may include an advertisement or
information that enables purchase of the equipment. The
user may input a purchase command into computer 105 or
mobile device 101 for the type of equipment shown, and
input their physical characteristics, e.g., height, etc., or the
system may retrieve the information from database 172 in
order to enable user 150 or 151 to purchase equipment.

Embodiments of the system are configured to analyze the
data obtained from at least one motion capture element and
determine how centered a collision between a ball and the
piece of equipment is based on oscillations of the at least one
motion capture element coupled with the piece of equipment
and display an impact location based on the motion analysis
data. This performance data may also be stored in database
172 and used by OEMs or coaches for example to suggest
clubs with higher probability of a centered hit as data mined
over a large number of collisions for example.

While FIG. 1A depicts a physical device, the scope of the
systems and methods set forth herein may also encompass a
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virtual device, virtual machine or simulator embodied in one
or more computer programs executing on a computer or
computer system and acting or providing a computer system
environment compatible with the methods and processes
implementing the disclosed ideas. Where a virtual machine,
process, device or otherwise performs substantially similarly
to that of a physical computer system of the system, such a
virtual platform will also fall within the scope of a system of
the disclosure, notwithstanding the description herein of a
physical system such as that in FIG. 1A.

FIG. 1C illustrates a flow chart for an embodiment of the
processing performed and enabled by embodiments of the
computers utilized in the system. In one or more embodi-
ments of the system, optionally a plurality of motion capture
elements are calibrated (see FIG. 11B for an example of a
multiple motion capture element mounting device that may
be moved in a specific manner to calibrate multiple sensors
at once for mass production). In some embodiments this
means calibrating multiple sensors on a user or piece of
equipment to ensure that the sensors are aligned and/or set
up with the same speed or acceleration values for a given
input motion. In other embodiments of the invention, this
means placing multiple motion capture sensors on a cali-
bration object that moves and calibrates the orientation,
position, speed, acceleration, or any combination thereof at
the same time. The next optional step involves providing
motion capture elements and an app for example that allows
a user with an existing mobile phone or computer to utilize
embodiments of the system to obtain motion capture data,
and potentially analyze and/or send messages based thereon.
In one or more embodiments, users may simply purchase a
motion capture element and an app and begin immediately
using the system. One or more embodiments of the system
also allow optionally for providing motion capture mounts
for the particular desired mounting location on a user or
equipment. The system captures motion data with motion
capture element(s) and sends the motion capture data to a
mobile computer 101, 102 or 105 for example, which may
include an IPOD®, ITOUCH®, IPAD®, IPHONE®,
ANDROID® Phone or any other type of computer that a
user may utilize to locally collect data. One or more mounts
may be utilized, include for an embodiment of the mobile
computer, for example a small format IPOD®. This mini-
mizes the complexity of the sensor and offloads processing
to extremely capable computing elements found in existing
mobile phones and other electronic devices for example. The
transmitting of data from the motion capture elements to the
user’s computer may happen when possible, periodically, on
an event basis, when polled, or in any other manner as will
be described in various sections herein. This saves great
amount of power compared to known systems that continu-
ously send raw data in two ways, first data may be sent in
event packets, within a time window around a particular
motion event which greatly reduces the data to a meaningful
small subset of total raw data, and secondly the data may be
sent less than continuously, or at defined times, or when
asked for data so as to limit the total number of transmis-
sions. The main intelligence in the system is generally in the
mobile computer or server where more processing power
may be utilized and so as to take advantage of the commu-
nications capabilities that are ubiquitous in existing mobile
computers for example. In one or more embodiments of the
system, the mobile computer may optionally obtain an
identifier from the user or equipment, such as a passive
RFID or active RFID or other identifier, which may be
utilized by the mobile computer to determine what weight as
user is lifting, or what shoes a user is running with, or what
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weapon a user is using, or what type of activity a user is
using based on the identifier of the equipment. The mobile
computer may analyze the motion capture data locally and
display, i.e., show or send information such as a message for
example when a threshold is observed in the data, for
example when too many G-forces have been registered by a
soldier or race car driver, or when not enough motion is
occurring (either at the time or based on the patterns of data
in the database as discussed below based on the user’s
typical motion patterns or other user’s motion patterns for
example.) In other embodiments, once a user has performed
a certain amount of motion, a message may be sent to
compliance monitor(s), including for example parents, chil-
dren or elderly, managers, doctors, insurance companies,
police, military, or any other entity such as equipment
manufacturers. The message may be an SMS message, or
email, or tweet or any other type of electronic communica-
tion. If the particular embodiment is configured for remote
analysis or only remote analysis, then the motion capture
data may be sent to the server/database. If the implementa-
tion does not utilize a remote database, the analysis on the
mobile computer is local. If the implementation includes a
remote database, then the analysis may be performed on the
mobile computer or server/database or both. Once the data-
base obtains the motion capture data, then the data may be
analyzed and a message may be sent from the server/
database to compliance personnel or business entities as
desired. Embodiments of the invention make use of the data
from the mobile computer and/or server for gaming, mor-
phological comparing, compliance, tracking calories
burned, work performed, monitoring of children or elderly
based on motion or previous motion patterns that vary
during the day and night, safety monitoring for troops when
G-forces exceed a threshold or motion stops, local use of
running, jumping throwing motion capture data for example
on a cell phone including virtual reality applications that
make use of the user’s current and/or previous data or data
from other users, or play music or select a play list based on
the type of motion a user is performing or data mining. For
example if motion is similar to a known player in the
database, then that user’s playlist may be sent to the user’s
mobile computer 101. The processing may be performed
locally so if the motion is fast, fast music is played and if the
motion is slow, then slow music may be played. Any other
algorithm for playing music based on the motion of the user
is in keeping with the spirit of the invention. Any use of
motion capture data obtained from a motion capture element
and app on an existing user’s mobile computer is in keeping
with the spirit of the invention, including using the motion
data in virtual reality environments to show relative motion
of an avatar of another player using actual motion data from
the user in a previous performance or from another user
including a historical player for example. Display of infor-
mation is generally performed via three scenarios, wherein
display information is based on the user’s motion analysis
data or related to the user’s piece of equipment and previous
data, wherein previous data may be from the same user/
equipment or one or more other users/equipment. Under this
scenario, a comparison of the current motion analysis data
with previous data associated with this user/equipment
allows for patterns to be analyzed with an extremely cost
effective system having a motion capture sensor and app.
Under another scenario, the display of information is a
function of the current user’s performance, so that the
previous data selected from the user or another user/equip-
ment is based on the current user’s performance. This
enables highly realistic game play, for example a virtual
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tennis game against a historical player wherein the swings of
a user are effectively responded to by the capture motion
from a historical player. This type of realistic game play with
actual data both current and previously stored data, for
example a user playing against an average pattern of a top
10 player in tennis, i.e., the speed of serves, the speed and
angle of return shots, for a given input shot of a user makes
for game play that is as realistic as is possible. Television
images may be for example analyzed to determine swing
speeds and types of shots taken by historical players that
may no longer be alive to test one’s skills against a master,
as if the master was still alive and currently playing the user.
Compliance and monitoring by the user or a different user
may be performed in a third scenario without comparison to
the user’s previous or other user’s previous data wherein the
different user does not have access to or own for example the
mobile computer. In other words, the mobile phone is
associated with the user being monitored and the different
user is obtaining information related to the current perfor-
mance of a user for example wearing a motion capture
element, such as a baby, or a diabetes patient.

FIG. 1D illustrates a data flow diagram for an embodi-
ment of the system, for example that utilizes one or more
motion capture elements and an “app” that is configured to
execute on a mobile device. As shown motion capture data
is sent from a variety of motion capture elements 111 on
many different types of equipment or associated with user
150. The equipment or user may optionally have an identi-
fier 191 that enables the system to associate a value with the
motion, i.e., the weight being lifted, the type of racquet
being used, the type of electronic device being used, i.e., a
game controller or other object such as baby pajamas
associated with second user 152, e.g., a baby. In one or more
embodiments, elements 191 in the figure may be replaced or
augmented with motion capture elements 111, as one skilled
in the art will appreciate. In one or more embodiments of the
system, mobile computer 101 receives the motion capture
data, for example in event form and for example on an event
basis or when requested by mobile computer 101, e.g., after
motion capture elements 111 declares that there is data and
turns on a receiver for a fix amount of time to field requests
so as to not waste power, and if no requests are received,
then turn the receiver off for a period of time. Once the data
is in mobile computer 101, then the data is analyzed, for
example to take raw or event based motion capture data and
for example determine items such as average speed, etc., that
are more humanly understandable in a concise manner. The
data may be stored, shown to the right of mobile computer
101 and then the data may be displayed to user 150, or 151,
for example in the form of a monitor or compliance text or
email or on a display associated with mobile computer 101
or computer 105. This enables users not associated with the
motion capture element and optionally not even the mobile
computer potentially to obtain monitor messages, for
example saying that the baby is breathing slowly, or for
example to watch a virtual reality match or performance,
which may include a user supplying motion capture data
currently, a user having previously stored data or a historical
player, such as a famous golfer, etc., after analysis of motion
in video from past tournament performance(s). In gaming
scenarios, where the data obtained currently, for example
from user 150 or equipment 110, the display of data, for
example on virtual reality glasses may make use of the
previous data from that user/equipment or another user/
equipment to respond to the user’s current motion data, i.e.,
as a function of the user’s input. The previous data may be
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stored anywhere in the system, e.g., in the mobile computer
101, computer 105 or on the server or database 172 (see FIG.
1).

FIG. 2 illustrates an embodiment of the overall modes of
the software programmed to execute on the computer of the
mobile device, wherein the computer is configured to
optionally recognize the motion capture elements, obtain
data, analyze the data and display motion analysis data.
Mode 201 shows mobile device 101 having display 120 that
displays a user with highlighted points on the user and/or
piece of equipment. In this mode, each sensor is identified
and assigned one by one to a particular area of the user or
piece of equipment so as to recognize which sensors corre-
spond to which movements of the user and/or piece of
equipment. Mode 202 is the mode where the computer in
mobile device obtains data associated with at least one
motion capture element as recognized in mode 201. Mode
203 is the mode where the data is analyzed to form motion
analysis data and display the motion analysis data optionally
in conjunction with at least one image of the user. Mode 204
is the mode where the motion analysis data and optional at
least one image of the user is saved, or retrieved to display
at a later time. The images may be automatically captured
from a second user’s mobile device and transferred to the
user’s mobile device who swung the golf club so that they
user’s don’t have to switch phones while playing to obtain
image data for themselves. One algorithm embodiment
detects a motion capture element data for a club that is not
associated with the user of the video camera based mobile
phone and queries nearby mobile devices to determine if
they will accept the video. The mobile device of the user
who performed the swing may automatically transfer the
video so that after the user has swung, the user can look at
their own phone and see their image overlaid with motion
capture data without having users switch phones to capture
video for each other. The motion capture data may be
automatically stored in database 172 which for example may
be in the form of a social network, in which case the transfer
of data (for example a new maximum power score), may be
automatically “tweeted” to Internet 171 and/or database 172
to notify everyone connected to the Internet of the new
event. The upload of sensor data including any images/video
and/or motion capture data may occur whenever a tel-
ephonic or other wireless link is available to database 172
for example. L.e., the motion capture sensors may store data
until they have a wireless link to mobile computer 101, and
mobile computer 101 may also buffer data including any
analyzed motion capture data until a link to database 172 is
available. Alternatively, the data transfers may occur at
defined times, upon events such as a shot occurrence or
distance moved by the mobile computer and hence the user,
or polled by the database or in any other manner. Once the
data is in database 172 it may be data mined as previously
discussed.

FIG. 3 illustrates displays associated with FIG. 2 in
greater detail. Mode 201 includes sub-modes 201a where
each motion capture element is asserted, moved, switched
on or other wise identified. Data and/or metadata associated
with the user such as age, height, weight, equipment manu-
facturer or model number and size may also be input in this
screen. Alternatively, website 173 may be utilized to input
this data or any other user related data for example. This
allows for data mining the data and/or metadata and asso-
ciated motion capture data later. Owners of database 172
may charge a fee for this service. Sub-mode 2015 allows for
assignment of the motion capture element so asserted to a
particular body part of the user, or a location on the piece of
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equipment. Mode 202 includes sub-modes 202a where the
computer obtains data associated with at least one motion
capture element, either via image capture of one or more
motion capture elements implemented as visual markers, or
via wireless sensors, or both visual markers and wireless
sensors. Mode 203 includes sub-mode 203a where main
motion analysis data items may be displayed, and sub-mode
2035 where detailed motion analysis data items may be
displayed. Mode 204 shows selection of an archive name to
store archive motion capture data, i.e., the motion analysis
data and any images of the user. Mode 204 also allows for
retrieval of an archived motion capture data by selected a list
item on the display of the mobile device. In one or more
embodiments, the motion capture archived data may be
stored on the mobile device or remotely on computer 105, or
in database 172 accessed via network 170 and/or via Internet
171.

FIG. 4 illustrates and embodiment of the recognition
module that is configured to assign particular sensors to
particular locations on an athlete and/or on a piece of
equipment. In this simplified interface for mode 201, a
mobile application is selected from the interface in the far
left screen shot that then displays a number of activities or
sports that can be motion captured by embodiments of the
system. Selecting the desired sport via a finger gesture or
any other manner in this display shows sub-mode screen
201c that allows for the assignment of sensors to areas of the
user’s body, and/or sub-mode screen 2014 that allows for the
assignment of sensors to areas on the equipment for the
particular sport selected in the second screen from the left in
the figure. Automatic determination of the assigned sensor
locations is also possible based on analyzing the spatial data
obtain from a golf swing. For example by determining the
positions, or speed of the various sensors, an automatic
assignment may be made, for example by taking the fastest
moving component and assigning that to the golf club head,
while taking the next fastest component and assigning that
component to the hands, etc. Any other technique for
automatically assigning sensors to locations of embodiments
of'the invention is in keeping with the spirit of the invention.
In embodiments of the invention that utilize RFID or other
identifier mechanism coupled with the golf club, such as a
unique identifier per motion capture element for example,
the user may enter a golf club number associated with a
particular golf club so that the system knows which club is
in proximity to the mobile computer or which golf club
number for example has been moved through a golf swing.
For baseball, the thick end of the bat generally moves faster
and travels farther than the handle, and the system can
automatically determine which sensor is which by analyzing
the speed for example or total distance travelled when the
bat is moved in a substantially horizontal plane. This auto-
matic assignment makes the system easy to use and applies
to all types of equipment, as one skilled in the art will
appreciate.

FIG. 5 illustrates an embodiment of the obtain data
module that is configured to obtain data from a camera
(optionally on the mobile device or obtain through another
camera or camera on another mobile device) through assert-
ing the “start” button on the display. Any other method of
initiating the computer within the mobile device to obtain
data is in keeping with the spirit of the system including user
gestures such as moving the piece of equipment in a par-
ticular manner or in any other way. This is shown as
sub-mode 202a. When motion data capture is to be termi-
nated, any user gesture may be performed via the display of
the mobile device, via the piece of equipment or via audio
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input to the mobile device for example. Any other method of
informing the computer to no longer obtain data is in
keeping with the spirit of the system. Sub-mode 203a where
main motion analysis data items may be displayed, and
sub-mode 2035 where detailed motion analysis data items
may be displayed are shown with “close” buttons, so that the
data can be ignored for example. In addition, a slider in
sub-mode 203a allows for precise control of the speed
and/or location of the playback so that slow motion analysis
may be utilized to better understand the analysis and display
of motion analysis data. In addition, the figure shows
displays data analyzed by the analysis module and generated
by the display module to show either the user along with
motion analysis data, or with motion analysis data alone.
Double clicking or tapping on a detailed item may optionally
display a list of exercises that a user may perform to increase
the user’s performance.

FIG. 6 illustrates a detailed drill down into the motion
analysis data to display including overall efficiency, head,
torso, hip, hand, club, left and right foot segment efficien-
cies. Embodiments of the system thus enable physical train-
ing specific to the area that a user needs as determined by the
analysis module. For example, asserting, double clicking or
tapping, or clicking on the “training” button on the bottom
of'each efficiency screen as shown may display video, audio,
or a list of exercises that a user may perform to increase the
user’s performance specific to that segment. In addition, by
asserting the “fitting” button on each segment display, a
detailed list of pieces of equipment that may perform better
for the user based on the motion analysis data may be
viewed. For example, if the user is swing too stiff of a golf
club, then the golf club may be taking power out of the
swing by slowing down before impacting a golf ball, while
a more flexible shaft would speed up before impacting a golf
ball. By asserting the “fitting” button, and based on the
motion analysis data, for example club head speed or if
multiple sensors are fitted on the shaft, then by the flexing
of'the shaft, then alternate golf clubs may be displayed to the
user. The user may then press the purchase button, as will be
detailed later, to purchase or custom order equipment that is
better suited to the user. The displays shown in FIG. 6 or any
of' the other figures that display data associated with the user
may also include data mining results or comparisons or
suggestions or fields for searching and performing data
mining. For example, the power factor achieved for a given
swing may be compared against average users or profes-
sional users and suggest other equipment that may improve
performance as per data mining patterns discovered in
database 172 and stored for example in table 184. This data
may be viewed in an augmented reality environment or with
virtual reality glasses, etc.

FIG. 7 illustrates a close up display of motion analysis
data associated with a user, without use of an image asso-
ciated with a user. In this close-up of sub-mode 2034, the
efficiency, swing speed, release speed, face alignment angle
and other quantities associated with the motion analysis data
are displayed. Any data that is obtained or that can be
analyzed and derived may be displayed. This includes any
data previously saved in database 172 or data mined from
database 172 for example. All of the embodiments shown in
FIGS. 2-7 may be utilized to display physical characteristics
of the user, or prompt the user for movement to enable the
app to accept and calculate various physical dimensions or
range of motion or speed or any combination thereof as one
skilled in the art will recognize.

FIG. 8 illustrates an embodiment of the motion capture
element that optionally includes a visual marker and/or
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sensor. One or more embodiments of the sensors are small,
for example 12 mm or less in diameter and 4 mm or less
thick in one embodiment. In addition, the sensors are
inexpensive, lightweight, for example less than 5 grams in
one or more embodiments. The sensors may utilize known
wireless communications protocols such as BLU-
ETOOTH™ with a range of approximately 10 meters for
Bluetooth class 2, or 100 meters for Bluetooth class 1.
Embodiments of the sensor may sample at 1200 times per
second or higher or lower depending on the desired perfor-
mance requirements. The sensors may be sealed for water
resistance or proofing and while some embodiments may be
opened, for example to replace a battery held inside the
sensor housing. Any other sensor having dimensions or
capabilities that allow for measurement of any combination
of one or more of orientation, position, velocity and/or
acceleration that may couple to a piece of equipment or user
may be utilized in one or more embodiments as a motion
capture element.

FIG. 9 illustrates a front view of FIG. 8. In this figure, the
visual marker is shown from above and signifies an instru-
mented user. The contrast between black and white allows
for ease of capture.

FIG. 10 illustrates an embodiment of motion capture
element 111 implemented with a single white circle on a
black passive marker and gray scale images thereof to show
how the marker can be tracked by obtaining an image and
searching for a luminance change from black to white as
shown at point 1001. Any other image processing algorithm
may be utilized to find an embodiment of the motion capture
element within an image as one skilled in the art will
recognize, for example based on a color difference or
gradient detected in an image in the area of an embodiment
of motion capture element 111.

FIG. 11 illustrates a hardware implementation of the
sensor portion of a motion capture element implemented as
a wireless inertial measurement unit, and an embodiment as
configured to couple with a weight port of a golf club for
example. Printed circuit board (PCB) may be utilized to hold
the various components of the sensor including any orien-
tation, position, velocity and/or accelerometers. Hole 1101
may be utilized as a screw hole or other coupling point for
coupling motion capture element 111 to a piece of equip-
ment, such as into a weight port of a golf club. Alternatively,
threads at location 1102 or at location 1103 may be utilized
to screw motion capture element 111 onto the piece of
equipment. Any other method of coupling motion capture
element to a piece of equipment or user is in keeping with
the spirit of the invention. Embodiments of the invention
may also be placed near the head of a golf club, in the handle
of a golf club, or in any other piece of equipment. When
placing an embodiment of the invention near the golf club
head or handle, an adapter may be utilized so as to fit the
apparatus to the specific make and/or model of the golf club.
Each manufacturer has multiple types of weight port sizes,
locations and shapes and any adapter that can for example
screw into a weight port hole and also fit threads at location
1102 may be utilized as an adapter. For handles, any tube
size for a given make or model of a club may be utilized as
an adapter so long as it allows the components of embodi-
ments of the invention to fit inside the golf club and
withstand the forces involved with a golf club swing.

FIG. 12 illustrates an embodiment of the motion capture
element as configured to couple with different golf club
types and a shoe. As shown in the leftmost figure, motion
capture element 111 can couple directly to a piece of
equipment such as a golf club in the rear portion of the club
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head. As the second from left figure illustrates, motion
capture element 111 may couple onto the bottom of a piece
of equipment, such as a golf putter. In addition, as the third
figure from the left illustrates, motion capture element 111
may couple into the weight port of a piece of equipment,
such as a driver. Furthermore, motion capture element may
couple with a piece of equipment that is worn by the user,
effectively coupling with the user as shown in the rightmost
figure.

FIG. 13 illustrates a close-up of the shoe of FIG. 12 along
with a pressure map of a shoe configured with a pressure
matt inside the shoe configured to output pressure per
particular areas of the shoe. In this embodiment, motion
capture element may also interface to a pressure sensing mat
capable of producing pressure map 1301 from inside of the
shoe and relay the pressure information to the mobile device
for analysis. Alternatively, pressure sensors may be placed
through the shoe, for example in a grid, to provide weight
bearing information to the mobile device, for example
wirelessly via the motion capture element. Each pressure
sensor may couple to a transceiver or contain its own
transceiver, or couple via wires or wirelessly to the motion
capture element in order to transmit pressure data, for
example to display on display 120. By color coding the map
and displaying the map on display 120, a color graphic
rating is thus obtained, which may include numerical ratings
of the pressure signature when compared to saved pressure
maps which resulted in good swings for example.

FIG. 14 illustrates an embodiment of sunglasses config-
ured with a motion capture element. In addition, the sun-
glasses may also include a video viewing device that may be
utilized for display 120 so that the user may watch images
of the user with motion analysis data via the sunglasses. In
this manner, any computer 160, 105, or any other computer
coupled to network 170 or Internet 171 may be utilized to
obtain data and analyze data so that the resulting motion
analysis data may be displayed on the sunglasses, for
example for virtual reality and/or augmented virtual reality
display. Viewing past performance data in the form of
avatars that move according to motion capture data held in
database 172 for example enables a user to view relative
performance, i.e., a user would see a faster user’s avatar
running in front of the current user for example, or to play
a game, i.e., tennis for example with an avatar of another
user or the given user moving according to motion capture
data in database 172. Playing games using actual stored
motion capture data provides the most realistic virtual reality
possible. For example, given one user having a motion
capture element or more coupled with the user allows the
user to play another user having a motion capture element,
or play against a previously stored performance of the same
user, or both, or play along with a historical figure such as
a famous player whether still alive or not, or play against a
data mined “constructed” player that has some combination
or function of motion data mined from previous perfor-
mances of motion data previously stored for one or more
users.

FIG. 15 illustrates an embodiment of a display that depicts
the location of a golf ball strike as determined by the
oscillations in the golf club face during and/or after the golf
club impacts a golf ball. In one or more embodiments of the
invention, if the golf ball impacts the club at location 1501,
then a particular frequency response is obtained via orien-
tation or velocity sensors in motion capture element 111 that
is coupled with the club shown. If the golf ball impacts the
club at location 1502, then a distinct frequency response is
obtained via the motion capture element 111 coupled to the
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club. One embodiment for determining where a ball impacts
a club involves recording impacts from a variety of locations
at a range of speeds and using the resulting frequency
responses to determine which one is the closest to the impact
detected. Impacts that occur high or low on the club face
tend to produce a vertical axis oscillation of greater ampli-
tude than impacts that occur at location 1501. Impacts that
occur closer to the shaft tend to produce lower amplitude
oscillations in the horizontal axis than impacts that occur
further from the shaft. Hence, another method for determin-
ing impact is to form a ratio of the amplitude of horizontal
to vertical axis frequency amplitude and then search for the
closest match from a saved set of impact frequency
responses and retrieve the x and y locations on the club face
where the closest match has occurred. In another embodi-
ment of the system, a series of impacts is recording at the
center of the club and at 4 points away from the center along
the positive x axis, (away from the shaft), positive z axis
(above the center point of the face), negative x axis (near the
shaft) and negative z axis (below the center point of the face)
wherein the motion capture element transmits X, y and z
velocities associated with the impact. The velocities are
converted into the frequency domain and saved. Then, when
determining an impact location for a test swing, an interpo-
lation between the impact in question and the center point
and 4 other points is performed to determine the location of
the impact. Any other method of determining the impact
location that does not require other sensors besides the
motion capture element coupled to the club is in keeping
with the spirit of the invention.

FIG. 16 illustrates a camera alignment tool as utilized
with embodiments of the system to create normalized
images for capture data mining. In this figure, level lines
1601 are shown that for example become brighter when the
mobile device is level. Any other manner of displaying that
the mobile device is level may also be utilized. Icons on the
left side of the screen show that the motion capture data and
images may be saved, emailed, or sent to popular social
networking sites such as FACEBOOK® and TWITTER®.
FIG. 17 illustrates a balance box and center alignment line
to aid in centering a user to obtain image data. FIG. 18
illustrates a balance box and center alignment line, along
with primary and secondary shaft lines to aid in centering
and analyzing images of the user for use in capturing data
from the side of the user. Once the user is centered, the
computer may obtain data and images that are normalized to
the horizontal plane.

FIG. 19 illustrates an embodiment of the display config-
ured to aid in club fitting for a user, wherein a user may test
multiple clubs and wherein the display shows motion analy-
sis data. For embodiments of the system that include pur-
chase and order fulfillment options, buttons such as “pur-
chase” and “customer order” may be utilized. Alternatively,
a “buy” button 1902 may be shown in “club fitting” mode
1901 that enables a user to buy or custom order a custom
club that the user is working with. In one or more embodi-
ments of the invention the equipment identifier may be sent
over Internet 171 to an Internet based drop shipper (or via
website 173 for a salesperson to receive and communicate
with the user, or in any other manner as one skilled in the art
will appreciate including but not limited to text messaging,
emails or phone calls to a sales person directly from the
mobile computer with telephonic interface) along with user
information for example on mobile computer 101 or in table
180 of FIG. 1B to ship the equipment to the address
associated with the user. Table 180 may also include credit
card information or other payment information for example.
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The purchase may be made within a virtual reality environ-
ment for example during a game being played with remote,
virtual or historical players for example, wherein the “Buy”
button is viewed in virtual reality space and asserted for
example by “touching” the virtual button or in any other
manner. In addition, the Buy button may be displayed to the
user when the system calculates that the particular player
being displayed is similar to the user and wherein the app
presents the make/model/size of the piece of equipment to
buy. In addition, the average score for similar sized users
using that piece of equipment may be shown to the user and
a reduction in score may be presented to the user to shown
the user how much the suggested piece of equipment would
improve the user’s average score. The user may for example
be watching TV on the mobile device and not playing golf
at the time for example, and still purchase the equipment
based on the user’s saved physical characteristics.

FIG. 20 illustrates an embodiment of the display config-
ured to display motion analysis data along with the user,
some of which is overlaid onto the user to aid in under-
standing the motion analysis data in a more human under-
standable format. For example, rotation rings 2003 may be
shown overlaid on one or more images of the user to shown
the angle of the axis of rotation of portions of the user’s
body, such as shoulders and hips. In addition, motion
analysis data associated with the user can be shown numeri-
cally as shown for example as “efficiency” of the swing
2002, and velocity of the swing 2001. The motion capture
data and images may be saved to database 172 and later
utilized to play a game against another player for example on
avirtual reality golf course. Alternatively, or in combination,
the data may be streamed between to distally located players
with or without historical data, or the historical data may be
saved on one or more machines and streamed between users
without accessing the database for example. The player may
be a historical player whose performance data has been
analyzed and stored in the database for later game playing
for example.

FIG. 21 illustrates an embodiment of the system config-
ured to display a user from multiple angles 2101 when
multiple cameras are available. Any algorithm that may
process images to eliminate backgrounds for example may
be utilized to show multiple instances of the user on one
background. Alternatively, one or more embodiments of the
system may show one image of the user at a time in slow
motion as the user moves, while changing the angle of the
view of the user in normal time, which is known as BULLET
TIME®.

FIG. 22 illustrates another embodiment of the multi-angle
display as is also shown in FIG. 21. This figure also includes
three-dimensional overlay graphics 2201 to aid in under-
standing the motion analysis data in a more human under-
standable manner. Second instance of the user 2202 may or
may not be shown with the same overlay from a different
angle.

FIG. 23 shows an embodiment of the system configured
to display motion analysis data on a mobile computer,
personal computer, IPAD® or any other computer with a
display device large enough to display the desired data.

In any embodiments detailed herein, efficiency may be
calculated in a variety of ways and displayed. For embodi-
ments of the invention that utilize one motion capture
element, then the motion capture element associated with
the club head may be utilized to calculate the efficiency. In
one or more embodiments of the invention, efficiency may
be calculated as:



US 10,881,908 B2

39

Efficiency=(90-angle of club face with respect to
direction of travel)* Ve/V max

As more sensors are added further from the piece of
equipment, such as in this case a club, the more refined the
efficiency calculation may be. FIG. 24 illustrates a timeline
display of motion analysis data that shows multiple sensor
angular speeds obtained from multiple sensors on a user and
on a piece of equipment. FIG. 25 illustrates a timeline
display of angular speed of a second user. One or more
embodiments of the system may calculate an efficiency
based on relative times of the peaks of the hips, shoulders,
arms and club for example. In one or more embodiments of
the invention utilizing more than one motion capture ele-
ment, for example on the handle and club head, the angular
velocity Wa of the handle is divided by the angular velocity
We of the club head to calculate efficiency with more
information. By obtaining a large number of timelines from
various professional athletes and determining average
amplitudes of angular velocities of various body parts and/or
timings, then more refined versions of the efficiency equa-
tion may be created and utilized. Old video may be analyzed
by determining the difference in distances shown versus the
time between frames for a particular video to determine
speeds, which may be stored as previous motion capture data
for use in virtual reality environments and scenarios.

Efficiency=(90-angle of club face with respect to
direction of travel)*Ve/V max* Wa/Wc*1.2

FIG. 26 illustrates a timeline display of a user along with
peak and minimum angular speeds along the timeline shown
as events along the time line instead of as Y-axis data as
shown in FIGS. 24 and 25. In this unique view, the points in
time where the peaks of the graphs of FIGS. 24 and 25 are
shown as colored boxes that correspond to the colors of the
graphs in FIGS. 24 and 25, yet in a more human under-
standable format that shows the relative timing of the peaks.
In addition, at the bottom of FIG. 26 a graph showing the
lead and lag of the golf club along with the droop and drift
of the golf club is shown wherein these values determine
how much the golf club shaft is bending in two axes as
plotted against time.

One or more embodiments of the system may analyze the
peaks and/or timing of the peaks in order to determine a list
of exercises to provide to a user to improve the mechanics
of the user. For example, if the arms are rotating too late or
with not enough speed, a list can be provided to the user such
as:

TABLE 1

Arm Speed Exercise

1000-1500 degrees/sec
1501-1750 degrees/sec
1751-2000 degrees/sec

Impact Bag Drawbacks
Drawbacks
No drills

The list of exercises may include any exercises for any
body part and may displayed on display 120. For example,
by asserting the “Training” button on the displays shown in
FIG. 6, a corresponding body part list of exercises may be
displayed on display 120.

FIG. 27 illustrates a display of the calculated flight path
2701 of a ball based on the motion analysis data wherein the
display is associated with any type of computer, personal
computer, [IPAD® or any other type of display capable of
displaying images. FIG. 28 illustrates a display of the
calculated flight path 2801 of a ball based on motion analysis
data wherein the display is coupled with a mobile device.
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After a swing of a golf club, and based on the club head
speed as determined by motion capture element 111, the loft
of the club and the angle at which the club strikes the ball
(meaning that there is another motion capture element in the
handle or near the hands of the user), a flight path may be
calculated and displayed. Any model may be utilized as is
known in the art to calculate the trajectory based on the club
velocity as measure via motion capture element 111, one
such model is described in a paper by MacDonald and
Hanzely, “The physics of the drive in golf”, Am. J. Phys 59
(3) 213-218 (1991). In addition, the actual distances calcu-
lated and store in the database, for example as differences
between locations of shots for example in table 183 in
database 172 may be used to verify or refine the model and
may take into account the type of equipment, club and ball
for example utilized to refine the model, for example with
regression analysis, or in any other manner. See FIG. 37 for
one embodiment of the equation used to calculate the
accelerations in the X, y and z axes wherein:

x=laterally sideways (right is positive, left is negative)

y=down the fairway (always positive)

z=vertically upwards (up is positive, down is negative)

B=a constant dependent on the conditions of the air, an
appropriate value=0.00512

u=vector of relative velocity between the ball and the air
(i.e. wind), u=v-v,,

Cd=coeflicient of drag which depends on the speed and
spin of the ball

Cl=coeflicient of drag which depends on the speed and
spin of the ball

a=the angle between the vertical and the axis of rotation
of the spinning ball

g=the acceleration due to gravity=32.16 ft/s2

A numerical form of the equations may be utilized to
calculate the flight path for small increments of time assum-
ing no wind and a spin axis of 0.1 radians or 5.72 degrees
is as follows:

x acceleration=—-0.00512* (vx 2+vy2+vz2)"(Y2)*
((46.0/(vx"2+vy2+vz"2)"(V2))*(vx)+(33.4/(vx 2+
vy 2+4vz2) (Y2))* (vy)*sin(0.1))

y acceleration=-0.00512* (vx 2+vy 2+vz"2)"(42)*
((46.0/(vx"2+vy2+vz"2)" (¥2))*(vy)-(33.4/(vx 2+
vy 2+4vz2)"(V2))* ((vx)*sin(0.1)-(vz)*cos(0.1)))

z acceleration=—32.16-0.00512* (sx2+vy2+vz2)"
(Y2)*((46.0/(vx2+vy2+vz"2)"(V2))* (vz)-(33.4/
(vx2+vy 24vz 2)"(Y2))* (vy)*cos(0.1))

FIG. 29 illustrates a display of a broadcast television
event wherein at least one motion capture element in the
form of a motion sensor is coupled with the golf club and
optionally the user. The display can be shown in normal time
after the athlete strikes the ball, or in slow motion with
motion analysis data including the three-dimensional over-
lay of the position of the sensor on the end of the club shown
as a trace line and including the angle of the plane 2901 in
which the swing takes place versus the horizontal plane. In
addition, other motion analysis data may be shown such as
the swing speed 2902, distance (calculated or actual) and
efficiency 2903. This information or information in any
other display described herein may be shown with or relative
to data mining results of past performances of the player or
other player for example based in any manner.

FIG. 30 illustrates a display of the swing path with a
strobe effect wherein the golf club in this example includes
sensors on the club head and near the handle, or optionally
near the hands or in the gloves of the user. Optionally,
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imaged based processing from a high-speed camera may be
utilized to produce the display. A line or captured portion of
the actual shaft from images may be displayed at angle 3001,
3002 and 3003 for example. The swing path for good shots
can be compared to swing paths for inaccurate shots to
display the differences in a human understandable manner.
The distance between the club head in pixels may be utilized
in combination with the length of the club and angle thereof
to determine the speed of the club based on the time between
images. The calculated speed and various angles may be
stored for later use in a virtual reality game for example.

FIG. 31 illustrates a display of shaft efficiency 3105 as
measured through the golf swing. For example, by obtaining
motion capture data near the club head and club handle,
graphical strobe effects and motion analysis data can show
the club head through time at 3101, 3102, 3103 and 3104
and also display speed, club handle speed and club shaft
efficiency at 3106 in normal time or slow motion.

FIG. 32 illustrates a display of putter head speed and/or
acceleration based on at least one sensor near the putter
head, for example as coupled into the weight port of a putter.
The various quantities from the motion analysis data can be
displayed at 3201 to aid in understanding speed and/or
acceleration patterns for good putts and bad putts to help
viewers understand speed and/or acceleration in a more
human understandable manner.

FIG. 33 illustrates a display of dynamic lie angle, wherein
the lie angle of the player at address 3302 before swinging
at the ball can be compared to the lie angle at impact 3301
to help the viewer understand how lie angle effects loft and
ball flight, while quantitatively showing the values at 3303.

FIG. 34 illustrates a display of shaft release, wherein the
angular release velocity of the golf shaft is a large compo-
nent of the efficiency of a swing. As shown, a display of a
golfer that has sensors near his waist and hips (to produce
spine angle 3402) and sensors on the golf club head and
handle (to produce shaft angle 3401), or as determined
through image processing with or without visual markers, is
shown along with the motion analysis data including club
shaft release in degrees per second at 3403.

FIG. 35 illustrates a display of rotational velocity wherein
the face angle, club face closure in degrees per second, the
loft angle and lie angle are determined from a motion
capture sensor coupled with the club head for example and
numerically shown at 3501. In one or more embodiments of
the invention, a piece of equipment that includes two motion
capture elements on opposing ends of the equipment, for
example in the club head and handle of a golf club may
include a calibration stage wherein the club face angle which
is known and the angular orientations of the mounted motion
capture sensors are calibrated so that their exact offsets for
example with respect to the orientation of the shaft of the
golf club is taken into account. In this manner, fitting experts
and performance data in general related to the club can be
normalized to the actual orientation of the club to ensure
consistent data. Any of the previous video images may be
utilized in virtual reality simulations, scenarios or games by
determining the angles, speeds, accelerations or other
changes between known time differences in each frame of
video. For example for 30 frames per second, each image in
the video differs by 0.033 seconds, by knowing the size of
a club, the distance between the location of the club in
successive frames, divided by the time between frames is
equal to the velocity of the club, i.e., v=d/t. Any method of
calculating motion or any derivative thereof based on dif-
ferent locations of objects in video is in keeping with the
spirit of the invention.
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FIG. 36 illustrates a display of historical players with
motion analysis data computed through image processing to
show the performance of great players. By tracing and
determining the locations of two points 3601 and 3602 on
each player’s golf club as shown and knowing the height of
the players and/or lengths of their clubs and angle at which
the images where taken, distances and thus velocities of the
golf clubs may be determined to calculate numerical values
as shown at 3603. This information may be stored posthu-
mously in database 172 and data mining may be performed
using the data as previously described. Users 150 may be
compared against the greats and displayed on any computer
described herein for example so long as the computer
includes a display. In one or more embodiments, the players
shown may be avatars in a virtual reality game, which are
moving in concert with real instrumented players or data
from a previous performance of the same or other user or the
motion of a historical player as analyzed in one or more
embodiments of the invention. Any model or avatar of a
user, whether following the motion of an instrumented user,
or previous motion of the user or another user or historical
player may be utilized in displaying players in a virtual
reality game, albeit using motion capture data whether
calculated or from a motion capture sensor associated with
a player or piece of equipment. Also shown is a red cross in
the right image below the 96 power factor which is an aim
assist or aim guide that may be utilized by a player in a
virtual reality environment to help in deciding where to aim.

In one scenario, a first user buys an instrumented piece of
equipment and decides to play a virtual game as is illustrated
in FIG. 36A. The method begins at 3650. The first user
selects a real or virtual location to play the game, for
example the Master’s Tournament of 1960 and the system
accepts this at 3651. This may include a broadcast of the
game or otherwise enable a group to find to play with, or the
selection any historical player to play with, or previous
motion from the same player, or otherwise enables other
users to find the first user to enter the game. The first user
selects an avatar that the system accepts at 3652, for
example the player shown on the right or a virtual character
of any type. The first user may optionally select an aim
assist/swing assist that the system accepts at 3653, for
example to display a cross hair to help select where to shoot
at, as shown in the right image and based on the wind at the
particular golf course the user is playing at or the simulated
wind speed and direction. The first user plays the game and
views the motion of the avatar in the VR as the user accepts
motion capture data from the user and the avatar is moved
accordingly and displayed by the system at 3654, for
example wearing the VR glasses shown in FIG. 14. The
system then broadcasts the motion data to the other user(s)
and shows the other user’s motion when they take turns
playing at 3655. As users play, they may track each other’s
metrics over the net or locally, and/or see the metrics of the
historical player or previously stored data of the first or
second user. In one or more embodiments, the users may
optionally hear feedback based on shots as presented by the
system at 3656, for example cheers or boos or pleasant tones
or not so pleasant tones for a bad shot. If the users are done
playing as accepted by the system at 3657, the users may
save the game at 3658 and play the game back later, for
example retrieve the data from database 172 at a later time.
Otherwise, the system accepts motion capture data of any
real users and broadcasts the motion to the virtual reality
environment for the other real users to see at 3654 and 3655
until they finish or otherwise quit the game.
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FIG. 37 illustrates one embodiment of the equations used
for predicting a golf ball flight path as used to produce
displays as shown in FIGS. 27 and 28.

While the ideas herein disclosed has been described by
means of specific embodiments and applications thereof,
numerous modifications and variations could be made
thereto by those skilled in the art without departing from the
scope of the invention set forth in the claims.

What is claimed is:

1. A motion capture data fitting system comprising:

at least one motion capture element coupled to or held by

a first user or coupled to or held by a piece of equipment
and configured to capture motion capture data during a
movement of said first user or said piece of equipment
performed by said first user, said at least one motion
capture element comprising a wireless communication
interface configured to transmit said motion capture
data from the at least one motion capture element;

a database comprising measurements associated with a

plurality of other users, and,

an application configured to execute on a computer that is

configured to wirelessly communicate with said at least

one motion capture element, wherein the application is

configured to

accept said motion capture data from at least one the
motion capture element via the wireless communi-
cation interface;

calculate at least one measurement
of a characteristic of said first user or
of said movement of said piece of equipment per-

formed by said first user

based on the motion capture data;

perform a comparison of said at least one measurement
of said characteristic or of said movement to said
database of said measurements associated with said
plurality of other users; and,

present information associated with an optimally fit or
sized piece of equipment based on said comparison.

2. The motion capture data fitting system according to
claim 1 wherein said application is further configured to

identify a user of said plurality of other users having a

maximum value correlation with said at least one
measurement associated with said first user.

3. The motion capture data fitting system according to
claim 1 wherein said at least one measurement represents a
height or an arm length, or a torso length, or a leg length of
the first user or any combination thereof.

4. The motion capture data fitting system according to
claim 1 wherein said at least one measurement represents a
wrist to floor measurement of the first user.

5. The motion capture data fitting system according to
claim 1 wherein said at least one measurement represents a
hand size or longest finger size of the first user or both the
hand size and the longest finger size of the first user.

6. The motion capture data fitting system according to
claim 1 wherein said application is further configured to:

display one or more images to enable a viewing of a

sporting event.

7. The motion capture data fitting system according to
claim 1 wherein said application is further configured to:

accept an input from the first user to purchase said

optimally fit or sized piece of equipment.

8. The motion capture data fitting system according to
claim 1 wherein said at least one measurement comprises:

a range of motion between a first and second rotational

value.
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9. The motion capture data fitting system according to
claim 1 wherein said at least one measurement comprises:
a speed of the first user.
10. The motion capture data fitting system according to
claim 1 wherein said application is further configured to:
prompt the first user for an age of the first user;
identify a second user of said plurality of other users
wherein said second user has an age similar to said age
of said first user.
11. The motion capture data fitting system according to
claim 1 wherein said application is further configured to:
present information associated with a grip or length or a
stiffness of said optimally fit or sized piece of equip-
ment, or any combination thereof.
12. The motion capture data fitting system according to
claim 1 wherein said application is further configured to:
present information associated with a model or manufac-
turer of said optimally fit or sized piece of equipment
or any combination thereof.
13. The motion capture data fitting system according to
claim 1 wherein said computer is further configured to:
predict a first derivative or other derivate based on age or
growth with respect to time to determine said optimally
sized piece of equipment for a current point in time or
for a longest time that said optimally sized piece of
equipment should last for the first user.
14. The motion capture data fitting system according to
claim 1 wherein said computer is further configured to:
present one or more of exercises and stretches that would
improve performance to a predicted performance level
based on performance data associated with the plurality
of other users.
15. The motion capture data fitting system according to
claim 1 wherein said computer is further configured to:
present equipment that would be appropriate for an
increase in strength or flexibility, such that the first user
can grow into, or improve into said equipment.
16. The motion capture data fitting system according to
claim 1 wherein said computer is further configured to:
detect areas of a body of the first user indicative of injury
associated with the motion capture data.
17. The motion capture data fitting system according to
claim 1 wherein said piece of equipment comprises a shoe.
18. The motion capture data fitting system according to
claim 17 wherein said at least one measurement of a
characteristic of said first user or of said movement of said
piece of equipment performed by said first user comprises a
gait analysis.
19. The motion capture data fitting system according to
claim 1 wherein said computer is further configured to:
prompt said first user to move the at least one motion
capture element to a first location;
accept a first motion capture data from the at least one
motion capture element at the first location via the
wireless communication interface;
prompt the first user to move the at least one motion
capture element to a second location or rotational
value;
accept a second motion capture data from the at least one
motion capture element at the second location or the
rotational value via the wireless communication inter-
face;
calculate a distance or rotation between the first and
second location or the rotational value based on the first
and second motion capture data.
20. The motion capture data fitting system according to
claim 1 wherein said computer is further configured to:



US 10,881,908 B2
45

prompt the first user to move through a movement;
accept a first motion capture data from the at least one
motion capture element for the movement via the
wireless communication interface;
calculate a speed for the movement based on the first 5
motion capture data.
21. The motion capture data fitting system according to
claim 1 wherein said application is further configured to:
recognize when the at least one motion capture element is
removed from the piece of equipment based on the 10
motion capture data.
22. The motion capture data fitting system according to
claim 1 wherein said application is further configured to:
recognize when or where the at least one motion capture
element is coupled with the piece of equipment or the 15
first user based on the motion capture data.
23. The motion capture data fitting system according to
claim 1 wherein said computer is further configured to:
recognize when the at least one motion capture element is
removed from the piece of equipment and coupled with 20
a second piece of equipment based on the motion
capture data.



