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(7) ABSTRACT

A system and method for analyzing and improving the per-
formance of a body motion of an animal or human subject
requires instrumenting a subject with inertial sensors, moni-
toring a body motion of interest, converting sensor data into
motion data and animation, comparing the motion data with
existing data for motion related performance parameters, pro-
viding a real-time, information rich, animation and data dis-
play of the results in color coded displays; and based on the
results prescribing a training regime with exercises selected
from a library of standardized exercises using standardized
tools and training aids.
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METHOD AND SYSTEM FOR ATHLETIC
MOTION ANALYSIS AND INSTRUCTION

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation-in-part of U.S.
application Ser. No. 14/143,157, entitled “Method and Sys-
tem for Athletic Motion Analysis and Instruction,” filed Dec.
30,2012, which is a continuation of U.S. application Ser. No.
11/834,733, entitled “Method and System for Athletic
Motion Analysis and Instruction,” filed Aug. 7, 2007, which is
a continuation of U.S. application Ser. No. 11/340,088,
entitled “Method and System for Athletic Motion Analysis
and Instruction,” filed Jan. 26, 2006, and issued as U.S. Pat.
No. 7,264,554, which claims priority to U.S. Provisional
Application No. 60/647,751, entitled “Method and System
for Athletic Motion Analysis and Instruction,” filed Jan. 26,
2005. Each application referenced above is incorporated by
reference herein in its entirety.

TECHNICAL FIELD

[0002] This application relates generally to power manage-
ment for efficient and effective electrical design emulation.

BACKGROUND

[0003] Over the course of time, many different techniques
have been implemented in order to teach the proper mechan-
ics of various athletic motions, including swinging a golf
club. Many instructors, e.g., golf professionals, use a video
analysis system to teach a student how to properly swing a
golf club. Using a typical video analysis system, the student’s
golf swing is captured by a video-recording device. The
instructor replays the recorded video information to illustrate
the student’s golf swing while providing feedback regarding
the swing. Instructional feedback may be comments relative
to problems associated with the student’s swing, compli-
ments regarding improvement in the student’s swing, sugges-
tions on correcting the user’s swing, or any other verbal
instructional comments in context with the student’s swing.
Visualizing one’s personal golf swing in this manner has been
recognized as a valuable tool in identifying problems as well
as correcting those problems in order to improve the overall
golf swing.

[0004] Although video analysis systems are widely used by
golf professionals, these systems have drawbacks. One draw-
back relates to having a golf professional subjectively analyze
the video information. Not only is this analysis subjective and
therefore open to interpretation and subject to inaccuracies,
but also such analysis is exacerbated by the fact that many
problems associated with a golf swing are typically not cap-
tured by the video recording system given different camera
angles, too few cameras, or loose clothing. Therefore, golf
professionals are typically forced to guess the problem.
Accordingly, the advice given by a golf professional may be
inaccurate and inconsistent since it is difficult to isolate
mechanics and measurements of the swing on video.

[0005] Inorder to overcome the drawbacks associated with
typical video analysis systems, instructors have adopted
motion or position analysis systems as an aid to analysis and
instruction. Since the 1970’s, universities and private
research foundations have studied human motion using tech-
niques that allow two-dimensional film or videotape to be
processed into three-dimensional data. Progress had been
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made in characterizing the properties of human motion (bio-
mechanics) from the simple measurements of displacement,
velocity, and acceleration to the more complicated measure-
ments of force and torque (stress). Although the scientific
community has taken steps towards understanding human
motion and its effects upon the musculosketal system, very
little of this information has been applied to the clinical area
where a patient can directly benefit.

[0006] Current motion analysis systems require that the
student/athlete to wear sensor elements on their body and the
sensor elements transmit positional data of isolated body
parts, such as hands, hips, shoulders and head. The isolated
points on the body are measured during a swing in accordance
with an absolute reference system, e.g., a Cartesian coordi-
nate system wherein the center point is a fixed point in the
room. By using motion analysis, exact measurements are
provided from which an instructor can more accurately deter-
mine problems in a student’s swing. Even though motion
analysis provides accurate positional data of the student’s
swing, it is not, in and of itself, particularly useful since it
gives no visual aid as to where the problems may really be.
When used by itself, the motion analysis system is not an
effective teaching tool since the instructor is only provided
with numbers and not a visualization of what the student is
doing wrong. Some motion analysis systems provide anima-
tion that depicts elements of a golf swing based upon captured
data. However, the animation is crude and doesn’t show the
golfer what he/she looks like during a swing.

[0007] Consequently, motion analysis systems are used
with video analysis systems in order to try to overcome the
problems associated with each system as it is used indepen-
dently of the other. The instructor may use the motion capture
data and subjectively map the information to the video data.
Although this provides more specific data to the instructor, it
is associated with at least one significant problem. The
instructor, while viewing the video, must estimate the swing
positions corresponding to the data points from the motion
analysis information. Analysis of the swing requires not only
considerable effort, but also a significant amount of estima-
tion in associating the positional data points with an associ-
ated position on the student’s swing.

[0008] Moreover, the systems for providing the video
analysis are separate from the systems that provide motion
capture information such that the instructor must manipulate
numerous controls for displaying, to the student, the various
positional measurement values as well as for providing sepa-
rate video replays.

[0009] With respect to golf and the golf swing, some sys-
tems have been developed to respond to the needs of both the
self-taught player and the professionally taught player.
Examples of such systems are: (1) the Sportech Golf Swing
Analyzer and WAVI™ gystem both manufactured by Sports
Technology, Inc. of Essex, Conn.; (2) BioVision™ manufac-
tured by Optimum Human Performance Centers, Inc. of
Menlo Park, Calif.; (3) the Pro Grafix System manufactured
by GolfTek of Lewiston, Id.; and (4) the Swing Motion
Trainer manufactured by Sport Sense of Mountain View,
Calif.

[0010] Other prior art teaches, for example, a system where
a golfer wears a number of reflective tapes at various places
on his or her body. While the player swings the club, a TV
camera captures the motion of the golfer through the motion
of the reflective tape. The image of the motion is digitized and
the two-dimensional coordinates of the reflective tapes are
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calculated. The calculated coordinates are then manipulated
in various ways to analyze the golfer’s swing. For example,
the coordinates can be used to construct a moving stick figure
representing the golfer’s swing.

[0011] Another system discloses a video device and
method which detects the club head velocity via a colored
club head and color detection unit. The club head velocity is
then displayed in analog or digital form. A series of swings
can then be analyzed by comparing the relative club head
velocities for different club swings.

[0012] Yet another system provides a video system which
displays a live video signal of a golfer’s swinging motion for
the golfer to see while swinging. A series of video overlays
canbe imposed upon the video signal forreference and analy-
sis purposes.

[0013] There is an apparatus and method which uses a
computer to produce a series of still images from a videotape
of a golfer’s swing. The still images are then overlaid with a
series of corrected images which include lines depicting
proper form. The result is then augmented with further visual
or audio information and recorded onto another tape for view-
ing and analysis.

[0014] A golf practice apparatus provides recording and
instant playback of video images of a golfer’s swing. An
infrared camera and flash unit are used to obtain snapshot
images of the clubhead and ball just before and after impact.
An optical sensor array and processor calculates statistical
data on club speed, ball speed, and ball angle.

[0015] What is lacking in the field is an athletic motion
analysis apparatus and method which is capable of capturing
and plotting the total motion of a user with sufficient data to
reduce, analyze, report on, and present the component parts of
the motion and the degree of coordination of the component
parts as feedback to the user in such a way as to optimize his
assimilation and understanding of the information; further to
provide a comparative study of the component parts of the
user’s performance as to its own prior test results or the
performance of other persons or other benchmark values; and
further, to provide a related prescription of specific exercises
tailored to the user’s level of performance, areas of deficiency,
and available time for improving his or her skill level through
practice of training exercises.

[0016] For example, as a golf swing is executed, the golfer
rotates, among other things, the hips, shoulders, and arms in
a sequential, and yet coordinated fashion. To maximize
energy in the swing, the golfer must smoothly transfer energy
from the feet to the hips, to the shoulders, to the arms, and
hence to the club, culminating at the time and point of impact
with the ball. What is needed is a system and method of
motion capture and data processing with specialized software
to process this data and generate a coordinated, multiple
format presentation to the user which will effectively demon-
strate the most efficient kinetic link between the golfer’s
motion segments, and prescribe exercises likely to improve
the user’s performance.

[0017] It is with respect to these and other considerations
that the present invention has been made.

SUMMARY

[0018] A Kkinetic link in the context of the invention is a
chain of interdependent components of motion acting
towards a common goal, the effective and efficient execution
of the motion. This kinetic link principle is applicable to all
dynamic, athletic-type body motions intended to perform
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work or convert or transfer energy in any manner by means of
bodily exertion, with or without the use of a hand or foot
actuated or operated tool or article of sporting equipment. For
example, in a golf swing motion, the process of striking a golf
ball with a golf club, the kinetic link is composed of four
principle components of the motion with three links. These
four components and three links in combination represent the
full motion of the body. The components consist of the hip
segment, shoulder segment, arm segment and the club. The
links include the musculature found between each body seg-
ment. Since the frame of reference and the point from which
this type of motion must be leveraged is the ground itself, a
complete analysis of the motion must consider the feet first,
then overall posture, then hips, then shoulders, then arms,
then club, and finally the ball. A weakness at any point in the
kinetic link results in a less than optimal total performance.
Means of identifying and improving the component parts of
the motion will improve the overall performance. This
assumption is at the foundation of the present invention.
[0019] The invention, in the broadest sense, may be a glo-
bal, knowledge-based, enterprise system and method for pro-
viding performance testing and training regimes to persons
for whom athletic activities such as golfing and others for
whom repetitive athletic motions are an inherent part of their
normal work or recreational activities, for improving the
effectiveness of their golf swing or other specific athletic
motion.

[0020] A typical example of the system and method uses
state of the art technology and equipment for instrumenting a
user or subject and monitoring a motion, draws upon and
contributes to a vast library of performance data for analysis
of the test results, provides an information rich, graphic dis-
play of the results in multiple, synchronized formats for user
viewing and/or monitoring by a coach or system operator, and
based on the results prescribes a user-specific training regime
with exercises selected from a library of standardized exer-
cises using standardized tools and training aids.

[0021] Users and their coaches may access the library of
performance data to see and compare a user’s most recent test
performance to its own or other testees’ prior test results.
After an appropriate amount of off-line exercising, and/or at
the desire of the user or coach, the testing is repeated. The
specifics of the prescribed training are re-calculated and may
include a weighted consideration of the current performance
testing result in addition to prior test results. The performance
reports provide an objective record of the type and degree of
changes in performance that the user has experienced.
[0022] The system may be employed during live practice
sessions to provide essentially instant or “real time” visual
and/or auditory biofeedback, or provide “replay” presenta-
tions, of each successive attempt at a particular drill or a full
motion. Deviations in specific parameters from the objectives
of the prescribed drills are reported and the user has the
immediate opportunity to respond to the feedback and reduce
the deviation of the specific parameter during an immediate
next attempt at the same drill.

[0023] In one embodiment, the invention is a local system
or method for golf swing motion analysis of a golfer, intended
to improve the golfer’s performance by repetitive use. The
invention includes the use of multiple body and/or tool
mounted sensors, wired or wireless transmission of sensor
data in real time to a receiver/computer and database system
for data processing and analysis, along with a video and/or
audio recording input of the test. Results are instantly gener-
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ated by the system, consisting of associated forms of biofeed-
back including graphical representations of coordinated and
comparative data output on components of the full motion,
along with animations of the motion generated from the
motion data, and actual video of the motion. The three forms
of feedback are combined in their presentation for ready
assimilation and understanding by the golfer and/or instructor
in either an immediate form to enable sequential, monitored
attempts with intermediate feedback, or a later feedback
mode with an extended period for practice of prescribed drills
intended to improve aspects of the motion.

[0024] The analysis reduces the full motion to predeter-
mined major component motions. The coordinated data out-
put portion of the results may represent the relative timing and
amplitude of components of the user’s own motion. The
comparative data output may represent a comparison of the
relative timing and amplitude of components of the user’s
motion to the same components of an expert or other standard
performance data from the system database, or the user’s own
prior test performance data. The data processing and biofeed-
back may further include prescriptions from a database of
standard exercises, tailored according to the user’s level of
performance and time available, for training on a component-
of-motion basis, such as stance, balance, hip motion, and
shoulder and arm motion, adjusted according to the user’s
actual performance data. The exercises may prescribe or pre-
sume the use of specialized tools and training aids from
among a library of pre-determined tools and training aids,
during the exercises.

[0025] As described above, the data input, analysis, and the
biofeedback report is preferably augmented by use of video,
audio, and other recording devices emplaced and focused to
capture additional motion data ata desired direction from the
user under test, and processed to provide additional graphical,
video, audio or other form of output that can be integrated
with the data output for optimal user understanding and
assimilation of the analysis and report.

[0026] The system and method in local or global embodi-
ments may be applied to other athletic or occupational
motions by which energy is transformed through user motion
into work of any type, for improving performance, preventing
injury and/or providing a rehabilitation program.

[0027] A set of inertial motion sensors are attachable to the
user’s body, and/or motion tool or device such as a golf club,
at strategic points by the use of specially designed appliances.
Each motion sensor contains a multi-element sensing system
and circuitry for sensing and reporting three dimensional
position and attitude of the sensor, transmitting a real time
output of vector data for further application-specific process-
ing. One embodiment of the multi-element sensing system
within the motion sensor includes three gyroscopic inertial
sensors, three accelerometers, and three magnometers, as is
produced by InterSense Inc., of Bedford, Mass. Motion data
is typically updated at a rate of 120 Hertz from a system
employing three motion sensors, although systems with
fewer and more motion sensors and with faster and slower
position update rates are within the scope of the invention.
[0028] The vector data from the full set of motion sensors is
sufficient data from which to derive and characterize the
principle components of a golf swing or other athletic motion,
as is further described below. The information is transmitted
in near real time directly from each sensor individually, or via
acommon transmitter to which some or all the sensors may be
hard wired, to a nearby receiver and hence to a processing
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computer for application-specific data processing and analy-
sis, and generation of data and graphical output reports rep-
resenting the user’s performance, as is further described
below.

[0029] The processing computer can perform relational
calculations on the data received from the various sensors,
thereby allowing computation of various application-related
parameters of interest. As an example, the processing com-
puter with its golf-specific software can calculate club-face
angle or the angle through which the golfer turns his or her
shoulders while swinging the golf club. Such parameters are
referred to here as “performance parameters.”

[0030] Inagolfswing motion analysis system in particular,
inertial sensor data is typically processed into the following
parameters relating to the golfer’s body performance: hip
velocity (degrees per second); hip rotation (degrees negative
and positive); shoulder velocity (degrees per second); shoul-
der rotation (degrees negative and positive); club release (de-
grees per second); club speed (miles per hour); club face
rotation (degrees open/closed); club path (degrees inside or
outside of club’s address position); hip linear movement (cen-
timeters left or right of neutral address); hip shoulder separa-
tion (time difference between maximum hip, shoulder, and
club velocity); flexion/extension of hip segment (centimeters
traveled along 7-axis); and kinetic link. These parameters are
further extrapolated to yield a predicted “ball in flight” result-
ing performance of parameters: spin (degrees per second);
launch angle (degrees); carry distance; roll distance (yards);
total distance (yards); distance traveled off line (yards right or
left); ball flight character (fade, draw, hook, slice, push, pull,
straight); and PTI or power transfer index.

[0031] The processing computer can also display informa-
tion about the swing that will allow the golfer or his instructor
to visualize and adjust the swing. For example, in one aspect,
the system displays live video feed of the golfer (obtained
through a video feed from a video camera critically posi-
tioned adjacent to the golfer and coupled wirelessly or other-
wise to the processing computer), an animated simplification
of the same motion generated from motion data, and statistics
reporting the state of the various parameters in any given
freeze-frame. The system can also display the results of the
various calculations of performance parameters, as described
in the previous paragraph, which characterize the swing over
time; for example, the system can display data regarding the
club-face angle or the angle through which the shoulders
rotate during a particular swing.

[0032] A system interface between the processing com-
puter and the golfer in the form of a control or feedback
module mounted on or near the instrumented golfer can pro-
vide instructions to the golfer in preparation for or in response
to a particular attempted golf swing. The system interface
may instruct the golfer, for example, to address the ball, give
a five-second window for the golfer to initiate a swing, etc.
Such instructions may in one embodiment be in the form of
audible beeps, or synthetic speech or pre-recorded voice com-
mands. Colored lamps or a backlit LCD or other type visual
signal display can also issue coded or alphanumeric instruc-
tions. Such functions are useful in securing specific and
timely inputs needed to calibrate the sensors for absolute
position, as well as to coordinate the orderly sequencing or
progress of a testing session.

[0033] In one response mode, the system can be character-
ized as operating in a “biofeedback mode,” where the pro-
cessing computer through the system interface assists the
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golfer in following prescribed exercises (described in more
detail below). In that mode, the processing computer can also
display on its display unit or screen, to the golfer and/or his
instructor, one or more calculated performance parameters
and video images of the golfer. Calculated diagnostic param-
eters of interest can be reported on the screen, stored for later
analysis, or converted into success or failure codes, which can
be transmitted back to the golfer and/or his instructor, or any
combination of those actions.

[0034] Codes transmitted as biofeedback to the golfer may
be in the form of a tone or a color that differs between a
successful swing and an unsuccessful swing. For example, if
the system is programmed and set up for training the golfer in
a set of exercises where the golfer tries to rotate the shoulders
through exactly 40 degrees from vertical, the system, as
through a control module, can alert the golfer through tones or
lights or changing colors within the graphic display screen
when the swing differs from the ideal rotation angle by more
than a predetermined error. For example, only if the rotation
angle falls between 35-45 degrees, will the swing be consid-
ered a success. The tones or changing lights may have several
bands or ranges, allowing intermediate or scaled results. For
example, a red light might follow a swing in which a diag-
nostic parameter badly diverged from ideal, a yellow light
might follow a swing in which the same diagnostic parameter
only somewhat diverged from ideal, and a green light might
follow a swing in which the same diagnostic parameter
diverged from ideal by less than the pre-assigned margin of
error. The signal light may be the background color of an
animation. The information conveyed by the changing color
of the selected illuminated portion of a screen may be like-
wise presented with same or more or less detail in other audio,
textual, numerical and/or graphical formats, including num-
bers, bar graphs, line graphs and text messages. Oral callouts
may be used in combination or in the alternative.

[0035] The feedback report may also be continuous or
highly differentiated; for example, the length of an audible
tone might correspond to the extent to which the diagnostic
parameter diverged from ideal, and the golfer is instructed to
practice until the tone shortens or disappears. The number of
blinks of a light, light color, sound frequency, sound volume,
tone length, and tone type are among the characteristics that
canbe used in the feedback mode. The audio format feedback
information can be produced with synthesized voice output
from a speaker or earphones.

[0036] The processing computer and system interface also
can include monitoring by a golf professional or other motion
expert or instructor, directly or remotely as through an inter-
net connection, and allow him or her to transmit to the golfer
instructions to initiate, cease, or control exercises through
instructor command inputs to the system, or received by the
system from a remote location, such as through an internet
connection.

[0037] After computation of the various golf-related
parameters of interest, those diagnostic parameters can be
utilized by indexing a cross reference table of test results and
exercises to automatically prescribe to the golfer an assign-
ment of appropriate individualized exercises to improve his or
her swing. In a one embodiment, each calculated diagnostic
parameter is divided into two, three, or more ranges, with
each range corresponding to a prescribed action with respect
to a particular exercise. For example, a first range for a par-
ticular diagnostic parameter can result in a prescription of a
certain exercise, a second range of the same parameter can
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result in a different prescription, and a third range of the same
parameter can result in no prescribed exercise because the
golfer does not have a problem with the particular aspect of
the swing that the parameter measures. The different pre-
scription in each example can be, for example, a specific
different number of repetitions of a given exercise, a different
priority level given to a given exercise (see next paragraph for
priority levels), a different exercise tool or accessory being
used for a given exercise, or an entirely different exercise.
Further, the frequency and duration of the exercises may be
apportioned by the prescription compiler in accordance with
the golfer’s available time and schedule, as it was previously
inputted to the system by the golfer.

[0038] Alternatively, the prescriptions may result from
combinations of results from two or more diagnostic param-
eters. In variations, the knowledge base may include rules
developed through expert interviews, automated analysis
techniques based on measured results produced by the swing,
or principles of fuzzy logic. In one embodiment, the diagnos-
tic parameters produce exercise prescriptions with assigned
priority levels. For example, if a particular golfer’s swing
produces one diagnostic parameter that is very far from ideal
while other diagnostic parameters diverge from ideal only
partly, the first diagnostic parameter will be assigned a higher
priority level than the others. For another example, if two
diagnostic parameters diverge from ideal but one is consid-
ered more important to a good golf swing or alternatively one
is considered important to control to provide a good founda-
tion for the other, then that one will be assigned a higher
priority level than the other.

[0039] In one embodiment, each prescribed training exer-
cise is assigned a priority level from one to nine, and several
exercises may be assigned a common priority level. In that
embodiment, the golfer or the instructor can indicate by input
to the computer how much time the golfer has available to
perform the exercises, and based on that information, the
system can recommend which ones to perform. For example,
if an athletic motion analysis system projects a need for three
exercises with a priority level of one, five exercises given
priority level two, and four other exercises with higher pri-
orities, and if each exercise has been determined to require at
least fifteen minutes to perform for reasonable effectiveness,
and the golfer has a limited time for exercise, then the system
might assign or prescribe accordingly. As specific examples,
if the golfer indicates that he has one hour available, the
assignment may be performing only the three priority one
exercises for twenty minutes each. If the golfer has two hours
available, the system might prescribe performing all priority
one and all priority two exercises for fifteen minutes each. If
the golfer has three hours available, the system might assign
all exercises for fifteen minutes each. The minimum times to
perform each different exercise might vary, the time recom-
mended to perform any particular exercise might vary or be
fixed, and the gradations of priority can be changed as
desired.

[0040] The diagnostic parameters can also or alternatively
be used to prescribe, select or fit golf equipment to the golfer,
such as golf clubs or golf shoes from among one of several
types or customized versions having particular measured
parameters. For example, the length, lie angle, loft, or weight
of a particular type of golf club can be selected based on
analysis of the diagnostic parameters calculated for the
golfer, preferably in combination with parameters about the
golfer, such as his or her height, hand length, and foot size.
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[0041] In another aspect, parameters calculated at time of
impact, such as position and orientation of the club face
relative to the ball and velocity vector and face angle of the
club, can be used to predict the forces on the ball and thus
predict its trajectory. Knowledge of the terrain can allow
determination of the distance and path of the struck golf ball,
or alternatively the calculation can predict distance assuming
the terrain is flat. Such predictions based purely on force
calculations can be supplemented with information about the
behavior of the ball in atmosphere, such as through testing of
particular types of golf balls, to adjust for air resistance. In a
further variation, wind direction and velocity can be taken
into account, with such data input into the system manually or
through an electronic anemometer or local air data station
coupled to the system electrically, or via an internet or wire-
less connection.

[0042] Thesystem may be remotely orlocally controlled so
that an off-site or on-site instructor may direct the operation
of the system or monitor the results. In a purely user-con-
tained mode, control inputs for set up and testing operations
may be entered, test exercises performed, and swing data
viewed and reviewed by a user with the aid of a personal
control module and data monitoring system such as a belt-
worn control/display unit or module.

[0043] The methodology and the system are applicable to
other repetitive athletic and occupational motions for testing
of animals or humans, analysis, reporting, diagnostic review
by coaches, trainers and/or medical personnel or physical
therapists, with prescriptions being similarly generated for
training to improve performance, prevent injury, or for reha-
bilitation of various motion capabilities where the motion is
susceptible of data collection and reduction into component
parts in the manner described above, and the report can be
presented in a synchronized, composite display of animation,
multiple data tracks and video format.

[0044] 1t is an additional goal that the report and the pre-
scribed regime of practice drills can be taken home as a
recording in any useful format, or accessed from home
through a browser-based, on-line access point connecting to
the local system or to a host, knowledge-based enterprise
system to which itis connected, for later review and practice.
[0045] Therefore, the invention in one aspect consists of a
method and apparatus for analysis and improvement of a
selected athletic motion of an individual, consisting the steps
of using a computer-based motion analysis system that has a
processing computer, inertial sensors, a video camera which
may be of any analog or digital technology, and a computer-
driven display screen; testing an individual doing the athletic
motion, with a tool if a tool is implied, by monitoring the
execution of the motion with multiple inertial sensors
mounted on the individual and optionally on the tool, with the
video camera or cameras directed at the individual in action.
The athletic motion might be golf, baseball, hammering, saw-
ing, throwing or using other handheld tools or sports equip-
ment, a small sampling of which may include balls, bats,
rackets, clubs, paddles, oars, spears, hammers, screwdrivers,
staple guns, darts, horseshoes, and axes and others. It extends
to running, kicking, jumping, pedaling and other foot/leg
athletic motions using foot actuated tools and sports equip-
ment including bicycles, balls, and foot-operated levers and
other tools and objects.

[0046] The video camera, when used, is carefully posi-
tioned in advance to insure precise alignment with the indi-
vidual under test and useful points of reference for measure-
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ment and analysis of the motion. The sensors are carefully
positioned with the use of body wearable appliances to insure
that sensor data will reflect body motion accurately. Sensor
data is collected from the sensors and video signal from the
camera during the execution of the athletic motion; and the
sensor data is analyzed by processing the sensor data into
motion data representing pre-defined selected performance
parameters of pre-defined selected components of the athletic
motion as may be accomplished by or attributable to specific
or distinctive body segments such as the leg, hip, shoulder,
neck, head, arm and hand aspects of a motion. The results of
the analyzing is reported or presented in a form that includes
a real time, computer generated display of multiple, select-
able configurations, one of which includes in a composite,
synchronized combination of the video signal as a video
display, a multi-color, three dimensional animation repre-
senting the motion of at least one color-coded body segment
created from the motion data, and a time-based graph of
multiple selected performance parameters.

[0047] There may be provision for setting a range of motion
limit for selected components of motion such as a specific
bending or flexing component of the motion in advance of the
testing. The animation of the motion may incorporate a three
dimensional wire mesh cage or open frame representing the
motion limits within which the body segment is visible. The
software may provide for altering a selected color within the
display upon the occurrence of a motion exceeding the
motion limits, as a highly visible, instant signal to the indi-
vidual that the limit has been reached or exceeded. Stepped
levels of indication of approaching or exceeding pre-set limits
may be used by using multiple color changes such as from
green to orange to red.

[0048] The analysis may include for selected parameters
comparing the motion data test value to a pre-defined bench-
mark value for the same parameter and determining a degree
of deviation, and presenting on a time-based graph the test
value and the benchmark value concurrently. The analysis
may include calculating from the test values and the bench-
mark values a score for each selected parameter. It may fur-
ther include combining the scores of the selected parameters
by a pre-defined formula so as to yield a single score repre-
senting the total performance value of the athletic motion as a
kinetic index.

[0049] Thesystem and software may include with or follow
the report or presentation with a prescription of a regime of
training exercises selected from a pre-defined list of exercises
based on the amount of the deviation from the benchmark
values of individual parameters, and the exercises may be
associated with a pre-defined list of training tools. The fre-
quency and length of periods of exercise may be limited by
the available training time of the individual, as may have been
entered into the processing computer ahead of the testing.
[0050] The wireless inertial sensors may employ a stacked
topology within a sensor enclosure wherein a battery is proxi-
mate to and its shape conforms to the bottom of the enclosure,
and sensor elements and electronic circuitry are positioned
over the battery within the enclosure. The sensors may be
attached to body appliances that are worn by the individual.
The sensors and the appliances may have correspondingly
keyed mating structural by which the sensors are uniformly
and repeatably attachable to the same place with the same
orientation on the appliances.

[0051] The results of the analyzing, including the motion
data and the video data, may be stored in a local or remote
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computer database and made available for later replay locally
or via a remote computer or computer network connected or
connectable to the processing computer.

[0052] The camera may be set up in advance of testing
using a reference target or frame placed on the test site so as
to define at least one point or line of reference relative to the
motion to be tested. The software may be configured for
overlaying the video display during a calibration phase with
reference points, lines or other symbols relating to aspects of
the motion, such as alignment lines, center lines, balance
points of the starting, ending or in-motion positions of the
testee, by which motion can be more critically observed. The
effectiveness of the lines and symbols overlaid on the video
display may be dependent on correct camera placement prior
to testing.

[0053] Other and various aspects, goals and objectives of
the invention will be apparent from the examples and illus-
trations that follow. Pronouns should be interpreted in all
cases to include both genders.

BRIEF DESCRIPTION OF THE DRAWINGS

[0054] Theaccompanying drawings constitute a part of this
specification and illustrate an embodiment of the invention
and together with the specification, explain the invention.
[0055] 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 pro-
vided by the Office upon request and payment of the neces-
sary fee.

[0056] FIG.1isasimplified flow chart depicting the basic,
repetitive, step-level methodology of the invention in which
improvements in sequential performance testing are consid-
ered in the prescribing of the next sequential set of exercises.
[0057] FIG.2is a diagrammatic illustration of the principle
components of an embodiment of the invention, including the
inertial sensor/transceiver, audio/video sensors, base trans-
ceiver, and computer with its control/display unit, and inter-
net connection to a enterprise host and database.

[0058] FIG. 3A is a diagrammatic backside elevation view
ofavestappliance of the invention, illustrating thelocation of
a sensor pocket high on the back panel.

[0059] FIG. 3B is a diagrammatic perspective view of a
waist belt appliance of the invention, illustrating the location
of a sensor pocket on the back panel.

[0060] FIG.3Cisadiagrammatic perspective view ofa vest
appliance and a waist belt appliance configured with sensors
in sensor pockets hard wired to a control module on the waist
belt appliance, from which wireless transmissions of sensor
data emanate.

[0061] FIG. 4A is a top view of one sensor embodiment,
mounted on a glove appliance.

[0062] FIG. 4B is a bottom edge view of the sensor of FIG.
4A, illustrating the attachment loops protruding from the
curved underside of the sensor case, by which the sensor is
attached to the glove appliance.

[0063] FIG. 4C is a side edge view of the sensor and glove
appliance of FIG. 4A.

[0064] FIG. 4D is an exploded perspective view of the
sensor of FIG. 4A, illustrating the stacked arrangement of
electronic components over the curved battery, and the attach-
ment loops protruding from the underside.

[0065] FIG. 5 is an exploded perspective view of another
sensor embodiment, that may be wired to a control module-
transmitter for transmission of sensor data.
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[0066] FIG. 6 is a front face view of a control module to
whichbody sensors may be wired for wireless transmission to
a receiver/computer system and/or local display of selected
parameters of motion.

[0067] FIG. 7A is a front perspective view of a golf club
sensor assembly, attached to the shaft of a gulf club.

[0068] FIG. 7B is a backside perspective view of the golf
club sensor assembly of FIG. 4g.

[0069] FIG. 7C is a cross section view of the golf club
sensor of FIG. 4 g.

[0070] FIG. 8 is an illustration of one embodiment of the
system and method of the invention in use, consisting of a
golfer wearing vest and waist belt appliances mounted with
inertial sensors and holding a golf club with an inertial sensor
mounted just below the grip of the club, standing adjacent to
astand supporting a video camera directed at the golfer and an
associated receiver and processing computer with keyboard
and display, the display being viewed by an instructor.

[0071] FIG. 9 is a screen shot of the composite display of
the invention, incorporating three formats of feedback: a live
video feed ofthe golfer in the upper left portion of the display,
an animation of the golfer in the upper right portion of the
display that is color coded to distinguish major body seg-
ments; and in the lower portion of the display a motion data
time line graph tracing hip, shoulder and hand motions in a
multi-colored trace.

[0072] FIG. 10A is a screen shot of a composite display of
the invention, incorporating three formats of feedback: a live
video feed of the golfer in the lower left side portion of the
display; a time-stepped animation of the club swing indicat-
ing the plane of the club swing and the hand orientation
during a swing motion; and three motion data time line graphs
showing the club speed in three axis.

[0073] FIG. 10B is a line graph indicating posture with
respect to trunk flex extension and trunk lateral bending ver-
sus time during a swing motion.

[0074] FIG. 10C is a line graph indicating degree of pivot
during a swing motion.

[0075] FIG. 10D is a line graph indicating degrees of hip
segment rotation, shoulder segment rotation, and torso load
during a swing motion.

[0076] FIG. 10E is a line graph indicating degrees of shoul-
der segment rotation, arm segment rotation, and upper body
load during a swing motion.

[0077] FIG. 10F is a line graph indicating alignment of hip
segment rotation, shoulder segment rotation, arm segment
rotation versus time during a swing motion.

[0078] FIG. 10G is a line graph indicating hip segment
rotation speed, shoulder segment rotation speed, and arm
segment rotation speed during a swing motion.

[0079] FIG. 11 is a screen shot of the multi-color animation
illustrating the color distinction between the shoulder seg-
ment and the hips segment of the animation.

[0080] FIG. 12 is a screen shot of a multi-color animation
illustrating the cage by which user settable parameters for
lateral bending during swing motion are made apparent to the
golfer as real-time feedback.

[0081] FIG. 13 is a screen shot of a multi-color animation
illustrating the cage by which user-settable parameters for
flexing during the swing motion are made apparent to the
golfer as real-time feedback.
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[0082] FIG. 14 is a screen shot of a multi-color animation
illustrating the cage by which user-settable parameters for
rotation during the swing motion are made apparent to the
golfer as real-time feedback.

[0083] FIG. 15 is a screen shot of a multi-color line graph
illustrating the coordination in time and amplitude of the
rotational velocities of the hips, shoulders, and hand of the
golfer during the swing motion.

[0084] FIG.16isasimplified representation of a multi-step
process for the reduction of multiple primary performance
parameters to a fewer number of secondary performance
parameters, hence to respective body and club performance
factors, and finally to a single kinetic index reflecting an
objective evaluation of the total performance of a swing
motion.

[0085] FIG. 17 shows components of a motion instruction
system, according to an exemplary system embodiment.

DETAILED DESCRIPTION

[0086] An athletic motion analysis system and method for
improving performance according to various aspects of the
present invention consists of equipment and methods, includ-
ing cameras, inertial sensors, computers, computer networks,
and software, means for providing real time visual feedback
in unique formats and prescriptions for practice exercises, all
as described in the following paragraphs. The invention com-
prises many embodiments and variations of which the follow-
ing examples are illustrative and not limiting.

[0087] Referring to FIG. 1, the steps of one embodiment of
the invention are presented in sequence. Test 100 requires that
the user subject him or herself to testing by use of the system
of the invention while he/she conducts an athletic motion of
interest. Collect 200 includes the measurement and collection
of motion data with inertial sensors, a camera, and possibly
other sensors, of the motion executed during the test. Analyze
300 includes analyzing the collected data, and includes
accessing a database 700 of related data for comparison and
for relating types and degrees of deviations in performance
from benchmark values to a library of standard exercises for
generating prescriptions of appropriate practice exercises or
corrective measures. Report 400 includes the generation of a
unique display of synchronized video, motion animation and
data/time graphs. Prescribe 500 includes the documentation
and delivery of a program or regime of type and time or
quantity of performance parameter-specific exercises.
Finally, exercise 600, instructs the user to practice the exer-
cises or corrective measures in accordance with the prescrip-
tion. The cycle of test, collection, analysis, report, prescrip-
tion and exercise is repeated as often as desired until the
desired level of performance is achieved. The type, time and
level of the prescribed exercises are adjusted automatically
(up or down) according to the most recent performance and/or
the change in performance between the most recent perfor-
mance test and prior reported test results.

[0088] Referringto FIG. 2, the principle components of one
embodiment of the system and their relationship is repre-
sented ina system diagram where inertial sensors 10, attached
to body appliances 40 that are worn by the user, communicate
by wireless means with a base transceiver 69 which is part of
a computer-based motion analysis system 70 that includes a
control and display capability, such as a laptop computer,
with suitable application software and an onboard or con-
nected database 700. Other sensory devices 72, at least one
video camera and optionally a microphone and other sensors,
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are connected to system 70 by wire or wireless means. System
70 processes motion data and generates, displays and/or
transmits reports and prescriptions as described in more detail
below. Training tools 60 are not directly linked to motion
analysis system 70 or the other associated components, but
may be used by the user or testee during practice exercises as
prescribed by the system after testing and analysis, all as is
further explained below.

[0089] System 70 and its related components may be opet-
ated at times on a stand-alone basis, but may always or at
times be connected or connectable to a remote, knowledge-
based enterprise system and database 98 via a browser-based
internet access point or other high speed data connection for
conducting data transfer and enterprise related activities
between the host and local systems.

[0090] Forexample, a website for the enterprise system and
host database 98 may provide access for registered user sys-
tems 70 to the host company’s information, motion analysis
products and services information, management information,
company news, user access viaa log-in screen for product and
service FAQs, news letters, and database 700 libraries of past
performance and benchmark data and exercises, and updates
thereof.

[0091] The website may be configured to provide such
global functionalities to registered users as general prescrip-
tions and exercise instructions, explanations, and illustra-
tions—text and/or audio/video, clubhouse events and news,
discussion forums, special links for members, global FAQs,
an on-line store link, special newsletters, and access to rel-
evant documents and training tips. The website may be
divided by categories of registered users pages as between
student users and instructor users and provide such particular
functionalities as either group might need, such as for instruc-
tors the history of instruction sessions by student portfolio,
the history of student analysis by portfolio, with sessions
organized or stored in respective student “locker rooms” by
portfolio, and scheduling for student sessions. Student pages
may provide such functionalities as the individual’s own per-
sonal data, history of his sessions and analysis, his training
calendar, instructor contact info, and his golf scores and stats
logbook.

[0092] There may be a third class of user, an organization
user such as a golf school or academy, where a subset of the
enterprise system is treated as an OEM client or model, with
its own branding, hosting multiple students and instructors as
described above.

[0093] Individual systems of the invention work in stand-
alone configurations as individual testand evaluation systems
for collecting student performance data, analyzing and com-
paring student data to a library of performance data including
expert performance data, reporting the results, and prescrib-
ing corrective exercises. New test results are added to the
database, and may be delivered to or accessed by coaches
and/or students via on-line access to internet services. Indi-
vidual systems may share access to a host database of test
results of other users and related practice drills for study or
comparative purposes.

[0094] Alternate embodiments of the invention may be
directed to other athletic, occupational, or rehabilitation
motion analysis and training of animals or humans, at either
an enterprise level or a local system level as described below.
[0095] Referring to FIGS. 3A, 3B, 3C, 4A, and 4C, various
embodiments of body appliances for attaching motion sen-
sors to the user’s body and/or golf club are illustrated. The
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appliances are designed to be repeatably donned by the user
such that the sensor assemblies are positioned and repeatedly
repositioned in the same place on the body or club for optimal
motion sensing at selected critical points of anatomy, particu-
larly skeletal anatomy and/or tool structure, where they will
provide motion data sufficient to define the initial position
and full range of motion such that it can be reduced by data
processing to the major component motions. The appliances
are further refined structurally to minimize or avoid interfer-
ence with body motion during execution of the movement
under study. The appliances are yet further refined to retain
body or tool position and to retain the relationship of the
sensor assembly to the target area of the body or tool during
normal body motion, including any strenuous flexing and/or
acceleration associated with the motion under study, so that
the change of position data reported by each sensor most
accurately reflects the real time experience of the target area
of the body and/or tool.

[0096] In one example, for a golf swing analysis system,
there are a series of three appliances for mounting inertial
sensors to the user’s body. There is a vest appliance 40 (FIG.
3A) suitable for mounting an inertial sensor, referred to as a
shoulder sensor, high on the user’s back above and between
the shoulder blades over the spinal column; a waist belt appli-
ance 50 (FIG. 3B) for mounting an inertial sensor, referred to
as a hip sensor, low on the user’s back just above the hips and
over the spinal column; and a glove appliance 58 (FIGS. 4A
and 4C) for mounting an inertial sensor to the back side of the
user’s forehand.

[0097] Referring to FIGS. 3A and 3C, vest appliances 40
and 40A respectively have a back panel 41 at the top of which
is attached a sensor pocket 42 suitable for snuggly securing a
respective sensor 10 or 10A. Not visible in the figures but
easily understood, the back side of the pocket that will receive
the underside of the sensors of FIGS. 4B, 4D, and 5, is slotted
to accept mounting loops 12 ina keying manner that enhances
the grip and position integrity of the sensor within the pocket
of the appliance.

[0098] The slots or sockets for receiving the sensor loops
may be characterized as mounting structure, and may be
further configured with latch mechanisms that secure the
sensor loops 12 within the receiving slots or sockets of the
sensor pocket with a mechanical interlock. Variations of the
sensor loop structure as a mounting clip or stud and of the
pocket slot as a keyed receiver structure, with a latching
mechanism such as twist or click fit mechanism incorporated
on either or both the appliance and the sensor are within the
scope of the invention. The sensor pocket may be reduced in
this instance to a mere location on the appliance rather than a
full or partial enclosure for the sensor.

[0099] Shoulder straps 43 extending from the top corners of
back panel 41 attach to strap ends 43A extending from the
lower corners of the back panel via buckles. Chest belt sec-
tions 44 and 44a extend from the lower corners of the back
panel for buckling on the front side of the wearer at about the
level of the bottom of the rib cage or kidneys. All straps are
adjustable in length for proper fitment to the wearer. The
elongated back panel provides stability to the sensor from
rotational displacement. The relatively high waist level of the
chest strap provides security from vertical displacement of
the sensor, and avoids interference with the waist belt appli-
ance 50.

[0100] Referring to FIGS.3B and 3C, waist belt appliances
50 and 50a, respectively, have a belt panel 51, the center
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section 52 of which is fabricated of non-stretch material, and
is configured with a sensor pocket 53, with mounting loop
slots as described above, sized and suitable for snuggly secur-
ing either a sensor 10 or 10A. Belt straps 54 and 55 extend
from left and right ends of belt panel 51 and are buckled
together at the front of the wearer.

[0101] Referring to FIGS. 4A, 4B, and 4C, glove appliance
58 is configured with a backside strap 59, the end of which is
threaded through loops 12 (FIGS. 4D and 5) of sensor 10 and
secured by hook and loop material or other commonly known
fastener means to glove appliance 58. As with the other appli-
ances, the loop and strap means of attachment may in the
alternative be a hard mechanical interface between a suitable
structure incorporated into the back of the glove appliance
and a mating structure on the sensor.

[0102] Referring to FIGS. 4A, 4B, 4C, and 4D, and sensor
10 in particular, the packaging of the battery, sensor, trans-
mitter, and the internal circuitry for data processing, trans-
mission, and for recharging the battery, is uniquely designed
to: (1) minimize the package size and weight; (2) place the
center of mass as close as possible to the contact surface side
of the sensor to minimize inertial forces tending to rotate or
displace the sensor within its appliance relative to the
intended target area of the user’s body; and (3) to optimize the
location of the sensing elements within the package to be as
close to the center of the sensor’s footprint as practical for
best intuitive alignment of the sensor over the target area. To
this end, the sensor uses a stacked configuration which places
the relatively thin battery (the heaviest component and major-
ity mass of the sensor) at the bottom closest to and conform-
ing to the curved shape of the underside or user contact
surface, with the circuit boards and sensing elements above it,
only slightly further outboard from the user.

[0103] Each sensor has a unique identifier that is encoded
within the output data stream, for unambiguous identity dur-
ing multi-sensor operation. While not strictly necessary, in
typical systems sensors are mounted in their appliances on the
body with a consistent, pre-determined orientation or “up”
end direction, simplifying the calibration and data process-
ing.

[0104] Referring to FIG. 4D, one embodiment of a wireless
inertial sensor 10 of the invention consists of an enclosure
having a bottom cover 14 and a top cover 28, within which is
housed a lithium battery 16, electronics shelf 18, printed
circuit board 20 with switch, battery charger circuitry, on/off
button 22, sensor assembly 24 which includes the transmitter,
and light pipe 26. The lithium battery 16 conforms to the
curved shape of bottom cover 14. It is readily apparent that the
mass of battery 16, a substantial portion of the sensor mass, is
distributed across and close to bottom cover 14. This stacking
arrangement with the battery at the bottom provides a very
low center of gravity for the sensor, improving its resistance
to rotational or sliding displacement within the pocket of the
appliance or on the back of the hand during body motion. The
flat, relatively thin battery shape permits the inertial sensor to
be outboard of the battery and the sensor package to remain
relatively thin.

[0105] As described above, referring to FIGS. 4B, 4D and
5, mounting loops 12 extend from bottom cover 14 and pro-
vide for mounting stability in two respects. Sensor pockets 43
and 53 (FIGS. 3A, 3B, and 3C) in vest and waist belt appli-
ances are configured with slots (not shown but readily under-
stood from this description) that receive mounting loops 12,
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providing a keying effect for proper insertion and positioning
of the sensors within the pockets.

[0106] Referring to FIG. 5, this embodiment sensor is a
wired inertial sensor 10A and consists of an enclosure having
components analogous to those of sensor 10 (FIG. 4D), but
the enclosure shape and configuration of components is
adapted to use a conventional 9 volt battery positioned at one
edge of the enclosure, accessible through battery door 15,
rather than the stacked order of assembly of sensor 10.

[0107] Referring to FIGS. 3C and 6, there is in one embodi-
ment of the motion analysis system a control module 30 wired
to sensors in sensor pocket 42 and 52 via cables 38 and 36 for
receiving motion data. It has a hinged attachment 32 to belt 54
so that controls 31 and display 33 are easily viewable by the
user. There is internal data processing capability and display
driver for providing information directly to the user, and an
integral wireless transmitter or transceiver for transmitting
data to a motion analysis system 70 (FIG. 2), and/or receiving
setup or other data or instructions from the motion analysis
system.

[0108] Control module 301s configured with a battery pack,
hip sensor input, shoulder sensor input, micro computer, key-
pad, LCD display, USB connection, remote sensor and sys-
tem transceiver capability, and optionally with a video game
interface.

[0109] Referring to FIGS. 7A, 7B and 7C, there may in
addition or in the alternative to the body worn appliances, a
mounting appliance attachable to the tool or in this case golf
club, for mounting a sensor. Alternatively, the mounting
means may be incorporated into the sensor enclosure as in
wireless club sensor 11, where the back cover 13 incorporates
alatch mechanism 15 for securing sensor 11 to the shaft 21 of
a golfclub. Top cover 17 encloses the battery at its lower end,
accessible via battery door 19, while the electronic circuitry
and sensor elements are contained in the upper section closer
to the grip of the club.

[0110] Referring now to FIG. 8, there is illustrated of one
embodiment of the system and method of the invention in use,
consisting of a golfer wearing vest appliance 40 and waist belt
appliance 50 which are each equipped with a wireless inertial
sensor as described above. The golfer is holding a golf club
with an inertial sensor 11 mounted just below the grip of the
club, standing adjacent to a stand 71 supporting a video
camera 72 directed at the golfer and an associated receiver
and processing computer system 70 with keyboard and dis-
play, the display being viewed by an instructor.

[0111] The camera positions and direction with respect to
the golfer’s position, size and posture are carefully aligned
with respect to the test site from one or the other or both of at
least two positions: a first camera position at a specific down
line angle, height, and lateral position or offset, and another
camera position for face on angle, including height and offset.
Correct camera positioning enables placement of an overlay
in the video display that includes vertical and horizontal
alignment lines representing center of alignment and center
of balance. There may be multiple cameras on additional
stands oriented to capture the motion from different direc-
tions and different heights and offsets, and some or all may be
positioned carefully to support the further use of overlays of
alignment lines relating to the golfer’s position, size, posture,
and expected motions, so as to make motions and deviations
in alignment very apparent in subsequent video presentations
of the swing motion.
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[0112] Stated more generally, prior to testing, it may be
required to select and define a test site to have at least one
motion reference point; to then position the video camera to
be directed at the test site at a pre-defined angle of rotation
around the point or test site, a specific height relative to the
reference point, with a specific angle of elevation and lateral
offset with respect to the reference point. Thereafter a video
test signal of the test site and reference point is sent to the
computer-driven display screen and an overlay is inserted
onto the computer-driven display screen corresponding to the
reference point, from which specific motions are more easily
observed.

[0113] The processing computer or PC of system 70 per-
forms relational calculations on the parameters received from
the various sensors, thereby allowing computation of various
golf-related parameters of interest. As an example, the PC can
calculate club-face angle or the angle through which the
golfer turns his or her shoulders while swinging the golf club.
Such parameters are referred to here as performance or alter-
natively diagnostic parameters, to distinguish them from the
rate or position parameters transmitted by the sensors to the
pPC.

[0114] Inagolfswing motion analysis system in particular,
rate and position motion data are typically processed by the
application software into performance or diagnostic param-
eters relating to the golfer’s body segment performance,
including: hip velocity (degrees per second); hip rotation
(degrees negative and positive); shoulder velocity (degrees
per second); shoulder rotation (degrees negative and posi-
tive); club release (degrees per second); club speed (miles per
hour); club face rotation (degrees open/closed); club path
(degrees inside or outside of club’s address position); hip
linear movement (centimeters left or right of neutral address);
hip and shoulder separation (time difference between maxi-
mum hip, shoulder, and club velocity); flexion/extension of
hip segment (centimeters traveled along z-axis); and kinetic
link. These parameters are further extrapolated to yield a
predicted resulting “ball in flight” performance of param-
eters: spin (degrees per second); launch angle (degrees); carry
distance; roll distance (yards); total distance (yards); distance
traveled off line (yards right or left); ball flight character
(fade, draw, hook, slice, push, pull, straight); and PTT or
power transfer index.

[0115] This processed information is reported to the golfer
in a unique, synchronized, multi-format presentation of the
swing motion that is available in real time and/or playback
mode for optimal user and instructor assimilation.

[0116] FIG. 9isascreen shot of the synchronized, compos-
ite display of the invention, incorporating three formats or
forms of feedback. In a real time feedback or “biofeedback”
mode, there is a live video feed of the golfer, typically a face
on or side view, presented in the upper left portion of the
display although it may be placed elsewhere in the display, in
which the alignment lines are applied during a set up phase,
are stationary and the motion with respect to the alignment
lines is readily apparent.

[0117] A multi-color animation of the golfer, generated
from the inertial sensor motion data, is presented in the upper
right portion of the display, although it may be positioned
elsewhere in the display. The animation may be color coded to
distinguish major body segments, e.g. the shoulders segment
versus the hips segment. The animation may be oriented to
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view the swing motion from any useful angle, depending on
what aspect or component of the swing motion is being scru-
tinized at the time.

[0118] In the lower portion of the display a motion data
time line graph traces hip, shoulder and hand motions in a
multi-colored trace, although it may be positioned elsewhere
in the display. The graph may present simply the component
motion data from the instant swing motion, and demonstrate
graphically the coordination between hips, shoulders and
hand motion; or it may present a comparative trace of the
present motion or component of motion compared to a prior
motion or an expert motion in order to illustrate the degree of
deviation and required improvement to achieve a desired
performance level.

[0119] Referringto FIG. 10A, another example of the com-
posite, multi-format, synchronized display is a screen shot of
a composite display of the invention, incorporating the three
formats of feedback of FIG. 9: a video record of the golfer this
time in the lower left side portion of the display; a stepped
frame animation of the club swing indicating the plane of the
club swing and the hand orientation during a swing motion;
and three motion data time line graphs showing the club speed
in three axis.

[0120] The stepped frame animation is a useful device for
illustrating the plane, path or arc of'a motion or component of
motion, and is a further enhancement of the presentation.
Selected positions of a point or object or portion of the video
screen are retained as the video progresses so as to show the
path leading up to the present position. The stepped aspect of
the presentation can be done as function of time, or of linear
or angular displacement of the object or point of interest,
whichever better serves to illustrate the path of motion best
for the viewer.

[0121] Stated more generally, the multi-color, three dimen-
sional animation representing the motion of at least one color-
coded body segment created from motion data may include or
be in some embodiments a stepped frame animation where
selected positions of an object in motion are retained in sub-
sequent frames of the animation such that a motion track of
the object is apparent to a viewer. The retained positions may
be programmed to be selected on the basis of time, position,
speed, or acceleration of the object in motion.

[0122] The orientation on the screen of these multiple
forms of simultaneous presentation may be varied. There may
be additional information as well, space permitting. A com-
posite presentation of video, animation, and motion data
graphs enhances the user’s ability to quickly assimilate and
appreciate the subtle differences at the component level of the
swing motion, between his current performance and the
desired performance. A multi-dimensional presentation of
the swing performance can be watched in real time, in an
instant replay mode, or in a later review.

[0123] The system 70 also offers alternative and supple-
mental forms of presentation or “report” of the swing perfor-
mance. Expanded graphs, for example, help clarify the timing
of components of motion, as well as the amplitude. For
example FIG. 10B is a line graph indicating posture with
respect to trunk flex extension and trunk lateral bending ver-
sus time during a swing motion. FIG. 10C is a line graph
indicating degree of pivot during a swing motion. FIG. 10D is
aline graph indicating degrees of hip segment rotation, shoul-
der segment rotation, and torso load during a swing motion.
FIG. 10E is a line graph indicating degrees of shoulder seg-
ment rotation, arm segment rotation, and upper body load
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during a swing motion. FIG. 10F is a line graph indicating
alignment or coordination of hip segment rotation, shoulder
segment rotation, arm segment rotation motions versus time
during aswing motion. FIG. 10G is a line graph indicating hip
segment rotation speed, shoulder segment rotation speed, and
arm segment rotation speed during a swing motion.

[0124] The animation capability of the system, driven by
the inertial sensor inputs, offers additional opportunities for
presenting more detailed illustrations of the swing motion in
real time or playback mode. For example, FIG. 11 is a screen
shot of a multi-color animation illustrating the color distinc-
tion between the shoulder segment and the hips segment of
the animation. This makes for easy and quick distinction
between these components of the full swing motion. The
numerical value of peak or range of rotation, flexion, and side
bend are posted left and right of the animation for calibrating
the user’s perspective of the animation motion.

[0125] The animation capability provides yet a further
training tool in the form of animated “cages” or scalable
limits of selected parameters that cage the amimated figure
and illustrate the golfer’s movement within the three dimen-
sional frame. FIG. 12 is a screen shot of a multi-color anima-
tion illustrating the box or cage by which user settable param-
eters for lateral bending during swing motion are made
apparent to the golfer for real time feedback. The processing
computer 70 can create an instantly apparent change to the
display, for example by turning the background orange for
close calls and red for actual violation of the cage parameters
during a swing motion.

[0126] Further examples of the power of motion data ani-
mation as part or all of the presentation or “report” part of the
methodology follow. FIG. 13 is a screen shot of a multi-color
animation illustrating the three dimensional grid or open
frame by which user-settable parameters for flexing during
the swing motion are made apparent to the golfer as real-time
feedback. FIG. 14 is a screen shot of a multi-color animation
illustrating the “box” by which user-settable parameters for
rotation.

[0127] The animation capability of the system can also be
used to present an enhanced version of the time line traces or
graphs. FIG. 15 is a screen shot of a multi-color line graph
illustrating the coordination in time and amplitude of the
rotational velocities of the hips, shoulders, and hand of the
golfer during the swing motion.

[0128] TItshould benoted that although FIGS. 11 through 15
are illustrated here as full screen shots; these and other ani-
mations of the motion data and settable parameters are within
the scope of the invention and can be presented in the multi-
format form of FIG. 9, with synchronized video and graphs.

[0129] Itisa goal of the invention to provide an objective,
consistent analysis of each performance. The methodology of
the invention depends on capturing motion data, processing it
into the described parameters relating to body segments and
components of the motion, providing a quantitative analysis
of each component of motion, and then summing the scores
for each component of motion so as to produce a unitary
number or “kinetic index” for the performance as a whole.
One embodiment of a system 70 for golf swing motion analy-
sis processes motion data against benchmark values to pro-
duce a value on a uniform index scale of 0-50 for each of the
following primary performance parameters: sequence, speed,
stability, mobility, transfer, timing, club performance, and
club accuracy. These values are summed in a pre-determined
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order to arrive at a unitary number representing the kinetic
index for the total performance on a scale of 0-100, as
described further below.

[0130] Objectivity and repeatability of the system for
motion analysis depends on a consistent process that exam-
ines and gives weighted consideration of all relevant aspects
of the motion in calculating a final performance factor or
kinetic index. Referring now to FIG. 16, one aspect of the
methodology of this embodiment is illustrated in an objec-
tive, repeatable, computer-automated reduction of the basic
or primary performance parameters 1-8 measured by system
70 against pre-selected benchmark values, into a single
kinetic index. The system uses a multi-step process that sums
the primary parameters into secondary parameters 9-12, then
into body performance factor 13 and club performance factor
14, and finally merges these values into kinetic index 15, a
quantification of the overall performance value of the swing
motion being analyzed.

[0131] The FIG. 16 performance parameters are explained
below:

[0132] Primary Parameters:

[0133] 1. Sequence: This parameter relates to the degree of

timing and coordination of the rotational velocities of hips,
shoulders and arms during the swing motion. For example, at
120 frames per second, the target or benchmark standard
sequence for a golf swing motion is assumed to have maxi-
mum hip rotation velocity occur at 36 frames before maxi-
mum shoulder rotation; which should occur at 24 frames
ahead of maximum arm rotation; which should occur at 16
frames ahead of the club impact on the ball. The total devia-
tion in frame count from the pre-established or assumed ideal
sequence for all segments is inversely weighted against a total
maximum score or ideal performance index for the sequence
parameter of 50, yielding a relatively lower score for respec-
tively larger deviations.

[0134] 2. Speed: This parameter relates to the maximum
peak rotational velocity of each body segment. The bench-
mark is set at: 400 degrees/second for hip rotation; 800
degrees/second for shoulders rotation; 1600 degrees/second
for arms rotation; and 3200 degrees/second for club rotation.
The sum of the differences is weighted inversely against a
maximum score of 50, yielding a relatively lower score for
respectively larger differences.

[0135] 3. Stability: This parameter relates to the orientation
of the hip segment and shoulder segment in relation to the
spine. It is measured in degrees. The benchmark for hips,
shoulders, and arms are all 0 (zero). Again, the sum of the
differences is weighted inversely and scaled against a maxi-
mum index of 50.

[0136] 4. Mobility: This parameter relates to the relative
range of angular rotation of hips, shoulders, arms around the
spine. The benchmark is that they be equal. The sum of the
differences are weighted inversely and scaled against a maxi-
mum index of 50.

[0137] 5. Transfer: This parameter relates to the sum of the
ratio of angular momentum of the hips to the shoulders, and
hence to the arms. The measured transfer ratio is scaled
against a benchmark maximum ratio of 6 and equated to a
maximum index of 50. For example, using benchmark values,
if 400 degrees/second of hip rotation produces 800 degrees/
second for shoulders rotation, that is a transfer ratio of 800/
400=2.0. Then if 800 degrees/second shoulders rotation
results in 1600 degrees/second for arms rotation, and 3200
degrees/second for club rotation, then those transfer ratios are
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also 2.0 and 2.0 respectively; the sum of which is 6.0. A lesser
actual score is divided by 6 and multiplied by 50 to generate
a base-50 index score.

[0138] 6. Timing: This parameterrelates to the difference in
time or coordination of maximum rotational velocities of
hips, shoulders, and arms in time. The scoring is based on the
delta or difference in timing in the manner described above,
scaled against a maximum index of 50.

[0139] 7. Club Performance: This parameter relates to the
linear acceleration of the club, added to peak angular release
velocity. The benchmark is 300 mph (miles per hour) for
linear acceleration and 400 degrees/second of angular veloc-
ity. The simple sum, 700, is equated to a maximum perfor-
mance index of 50, and the measured value scored accord-
ingly.

[0140] 8.ClubAccuracy: This parameter relates to the three
dimensional movement of the club on the ball and is graded
on the velocity of the straight-on axis less the velocities in
each of the orthogonal axis, in miles per hour. The total is
compared to a benchmark and the result scaled to a maximum
performance index of 50.

[0141] Second Order Parameters

[0142] The primary parameter scores 1-8 are reduced in a
first step by a simple summing of related parameters as fol-
lows:

[0143] 9. Sequence & Speed: the sum of the individual
indexes of sequence 1 and speed 2 above, having a maximum
index of 100.

[0144] 10. Stability & Mobility: the sum of parameters 3
and 4 as above.

[0145] 11. Transfer & Timing: the sum of parameters 5 and
6 as above.

[0146] 12. Club Power Accuracy: the sum of club perfor-
mance 7 and club accuracy 8 indexes.

[0147] These second order parameters are further reduced
to a body performance factor 13 and a club performance
factor 14 as follows:

[0148] 13. Body Performance Factor: the sum of param-
eters 9, 10, and 11 divided by 3, having a maximum index of
100.

[0149] 14.ClubPerformance Factor: simply the club power
accuracy 12 index brought forward.

[0150] The body and performance factors 13 and 14 are
summed and divided by 2 to yield the:

[0151] 15. Kinetic Efficiency Index: having a scale of 0 to
maximum 100.
[0152] It will be appreciated that the pre-selected bench-

mark values of the individual parameters are somewhat arbi-
trary, selected to provide a performance challenge to the
anticipated range of skills of a target pool of testees. The use
of other or alternative benchmark values and scoring formu-
las is within the scope of the invention. Also, the selection and
ratio or weight giving to each performance parameter in the
reduction process is somewhat arbitrary, the requirement
being that each parameter is given a weight or degree of
consideration recognized to be relevant to the overall perfor-
mance.

[0153] The reduction process of primary performance
parameters into a final kinetic index in the context of a golf
swing analysis reflects the kinetic chain philosophy. that the
performance value of the total motion is the sum of the per-
formance value of the component parts of the motion
executed in an optimal sequence, in order to transfer maxi-
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mum energy and accuracy from feet to hips to shoulders to
arms to the club and ultimately to the ball.

[0154] While this description of motion analysis and per-
formance measurement has been cast in the context of a golf
swing; the apparatus and methodology is equally applicable
to other athletic motions involving, for example, running and
kicking leg motions and swinging or chopping hand and arm
motions.

[0155] Having evaluated individual performance param-
eters, which may also be referred to as “diagnostic” param-
eters, the system is able to compare the performance results to
acatalog of exercises appropriate to the respective parameters
and their test result, and provide an automated recommenda-
tion or prescription of exercises. The system may be further
preprogrammed with the testee’s available training schedule
and hence able to tailor the prescription to the training time
available, with emphasis on the parameters most in need of
improvement. In other words, referring back to FIG. 1, the
invention extends the automated, objective, Report on perfor-
mance to include a Prescription for improvement.

[0156] In this regard, performance parameters are also
characterized as diagnostic parameters. In the golf swing
context, they may relate to subsets, body segments or com-
ponents of the motion including: feet, hip; and shoulder per-
formance. For example, diagnostic parameters of CBL (cen-
ter balance line) extension and flexion, and of CAL (center
alignment line) left and right lateral bending, relate to feet
performance. Exercises appropriate to CBL extension prob-
lems are scaled according to a pre-determined scheme to the
severity or priority of the problem, on a scale of O (acceptable
performance) to =20 degrees (significantly below acceptable
performance). A rating of -5 degrees may generate a pre-
scribed exercise called “posture stick™, using particular train-
ing tools; a relatively lower rating of -10 may call for the
same exercise but with a different training tool; and so on. The
“posture stick” exercise, for example, requires manipulation
of a club in a prescribed manner while standing on a base
platform, to acquire and practice attaining a stance with the
correct alignment of the major joint centers of the body for
creating an optimal muscle length tension relationship to
enhance the body’s postural equilibrium. Other exercises are
similarly focused on particular body segments and compo-
nents of the golf swing.

[0157] The initial selection of exercises and tools and the
pre-determined scheme for allocation of particular exercises
for improving particular performance parameters is some-
what arbitrary, but calculated to induce improvements in per-
formance of components of motion and hence to the total
motion performance if practiced as prescribed. The following
table 1 lists one embodiment of diagnostic parameters and
appropriate exercises by priority by which prescriptions
would be issued by the system to a user.

TABLE 1

Diagnostic Parameters and Exercises
Relating to Components of Motion

Subject Test/Measurement Deviation Prescribed Exercise/
Area Parameter (degrees) Tool
Feet Center Balance Line 0 No Drill
Posture Extension -5 Posture Stick/K-Pillow &
#1 club
-10 Posture Stick/Full Foam
Roller & club
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TABLE 1-continued
Diagnostic Parameters and Exercises
Relating to Components of Motion
Subject Test/Measurement Deviation Prescribed Exercise/
Area Parameter (degrees) Tool
-15 Posture Stick/Half Foam
Roller & club
-20 Posture Stick/Base
Platform & club
Center Balance Line 0 No Drill
Flexion 5 Posture Stick’K- Pillow
& club
10 Posture Stick/Full Foam
Roller & club
15 Posture Stick'Half Foam
Roller & club
20 Posture Stick/Base
Platform & club
Feet Center Align. Line, 0 No Drill
Posture Left Lat. Bend. -2 Mini Drawbacks/Balance
#2 Board & club
-5 Mini Swings/Balance
Board & club
-10 Mini Swings Level 2/
Balance Bd & club
-15 Mini Swings Level 1/
Balance Bd & club
-20 Mini Swings/Base
Platform & 5 Iron
Center Align. Line, 0 No Drill
Rt. Lat. Bend. 2 Mini Drawbacks/Balance
Board & club
5 Mini Swings/Balance
Board & club
10 Mini Swings Level 2/
Balance Bd & club
15 Mini Swings Level 1/
Balance Bd & club
20 Mini Swings/Base
Plaform & 5 iron
Hip Rotation, Left -20 No Drill
=25 Hockey Swings/Base
Platform & club
-30 Double Post Swing/Base
Platform & club
-35 Mini Swings/Full Foam
Roller & club
-40 Mini Swings/Half Foam
Roller & club
Rotation, Right 20 No Drill
25 Hockey Swings/Base
Platform & club
30 Double Post Swing/Base
Platform & club
35 Mini Swings/Full Foam
Roller & club
40 Mini Swings/Half Foam
Roller & club
Shoulders Rotation, Left (neg) 0-10 No drill

(neg) 15-20 Torso Twist/Base

Platform & Stability Ball

(neg) 25-30 Torso Twist Counter &

Primary/Base Plat.

(neg) 35-40 Torso Twist Blast/Base

Platform

(neg) 45-50 Torso Twist Drawbacks/

Rotation, Right 0-10 deg

15-20 deg
25-30 deg
335-40 deg

45-50 deg

Base Platform

No drill

Torso Twist/Base
Platform & Stability Ball
Torso Twist Counter &
Primary/Base Plat.

Torso Twist Blast/Base
Platform

Torso Twist Drawbacks/
Base Platform
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TABLE 1-continued

Diagnostic Parameters and Exercises
Relating to Components of Motion

Subject Test/Measurement Deviation Prescribed Exercise/
Area Parameter (degrees) Tool
Hip Linear Address to 0-2 em  Double Post Swings/club
Max Backswing 3-5 cm  Bentley Swings/Base
Platform & club
6-8 cm  Hans Jumps/Impact Bag
& Base Platform
Linear Impact to 0-2 cm  Double Post Swings/club
Max Finish 3-5 cm  Bentley Swings/Base
Platform & club
6-8 cm  Hans Jumps/Impact Bag
& Base Platform
Hips Static Posture 0 No drill
1-10 deg Posture Stick/Base
Platform & club
Shoulders  Static Posture 0 No drill
1-10 deg Posture Stick/Base
Platform & club
[0158] Explanations and detailed instructions for the user’s

prescribed exercises are available on the local system 70, or
may be accessed directly or remotely via an internet access to
a host enterprise (FIG. 2) with which the local system 70 is
affiliated.

[0159] Referring to FIG. 1, steps of Test 100-Prescribe 500
require at least a local system 70, while the exercise step 600
is, of course, executed by the testee until he or she is ready to
retest. A change in performance in a given primary parameter
may or may not change the final kinetic index, but it will result
in a change in prescription to a next level of exercise appli-
cable to that performance parameter.

[0160] FIG. 17 shows components of a motion instruction
system 1700, according to an exemplary system embodiment.
An exemplary system 1700 may comprise participant devices
1701, sensors 1702, observer devices 1703, an exercise data-
base 1705, a participant database 1707, one or more servers
1709, and one or more networks 1711.

[0161] Participant devices 1701 may monitor and capture
sensor data received from sensors 1702, and to communicate
various types of data and instructions to and from devices of
the system 1700, such as servers 1709 and observer devices
1703. A participant device 1701 may be any computing
device comprising hardware and software components
capable of performing the various tasks and processes
described herein. Non-limiting examples of a participant
device 1701 may include: laptop computers, desktop com-
puters, smartphones, tablets, wearable devices (e.g., smart
watches), and the like.

[0162] A participant device 1701 may comprise a commu-
nications component configured to facilitate wired or wire-
less data communications between a set of one or more sen-
sors 1702 and the participant device 1701. The
communications component may comprise one or more cit-
cuits, such as processors and antennas, for communicating
sensor data via a communications signal using an associated
wired or wireless communications protocol. For example, the
communications component of the participant device 1701
may include, for instance, a Bluetooth® or ZigBee® chip that
may be configured to monitor and receive sensor data from
the set of one or more sensors 1702 associated with the
participant device 1701, via the requisite Bluetooth® or Zig-
Bee® protocols. Other non-limiting examples of the commu-
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nications component and associated protocols may include: a
Network Interface Card (NIC) for LAN or Wi-Fi communi-
cations, a Near Field Communications (NFC) chip, and the
like.

[0163] A participant device 1701 may comprise another
communications component configured to communicate data
and instructions with other devices of the system 1700, such
as servers 1709 and observer devices 1703, over one or more
networks 1711. For example, the communications compo-
nent of the participant device 1701 may include, for instance,
a wireless NIC allowing the participant device 1701 to com-
municate data and instructions with servers 1709 and/or
observer devices 1703, over one or more networks 1711,
using Wi-Fi, TCP/IP, and other, related protocols.

[0164] As mentioned, the communications component of a
participant device 1701 may be configured to receive sensor
data from a set of one or more sensors 1702 configured to
capture motion and posture data of a participant, which may
then be transmitted to the participant device 1701 as the
sensor data. Sensors 1702 may include one or more types of
sensors that may be configured to capture the motion and
posture data of the participant. Non-limiting examples sensor
types may include inertial sensors having a gyroscope and/or
an accelerometer, heat sensors, image sensors (i.e., cameras)
capturing still images and/or video images, optical body
motion sensors, and the like. In some implementations, the
sensors 1702 may be mixed-and-matched, such that the par-
ticipant device 1701 may receive, and, in some cases, process,
the various types of sensor data. Portions of the sensor data
may comprise performance parameters and/or diagnostic
parameters. Parameters may correspond to fields of data mod-
els used by a computing device, such as servers 1709 or
observer devices 1703, to model an expected motion or pos-
ture data for a particular motion or posture, category of activi-
ties, or exercises.

[0165] As an example, a factory employee instructional
application executed by a participant device 1701 of a factory
employee may be configured to teach the factory employee to
perform a predetermined set of motions, and then monitor the
employee’s performance the motions. While teaching the
employee the predetermined motions, the participant device
1701 may receive sensor data from sensors 1701, and may
then establish a baseline competency for the employee to
perform the motions using diagnostic parameters captured in
the sensor data. The sensor data may then be transmitted to a
server 1709 and/or an observer device 1703. A data library or
database located on the participant device 1701, a server
1709, or an observer device 1703, may store data models for
each of the predetermined motions. These data models may
indicate which data fields or portions of the sensor data are
part of the diagnostic parameters for each of the motions.
[0166] An observer device 1703 may be operated by an
observer (e.g., coach, therapist, doctor, researcher, employer,
instructor) and/or system administrator to monitor sensor
data from, and communicate instructions with, any number of
participantdevices 1701a-c. The participant device 1703 may
be any computing device comprising hardware and software
components configured to perform the various tasks and pro-
cesses described herein. Non-limiting examples of the
observer device 1703 may include: a laptop computer, a desk-
top computer, a smartphone, and a tablet. The observer device
1703 may comprise communications components allowing
the observer device 1703 to communicate with participant
devices 1701a-c¢ simultaneously or near-simultaneously, such
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that an observer operating the observer device 1703 may
review sensor data received from and transmit instructions to,
each of the participant devices 1701a-c.

[0167] A server 1709 may provide cloud-based services for
monitoring, storing, and communicating sensor data and
instructions between devices of the system 1700, such as
participant devices 1701 and an observer device 1703. The
server 1709 may be any computing device comprising hard-
ware and software components configured to perform various
tasks and processes described herein. Non-limiting examples
of the server 1709 may include: a laptop computer, a desktop
computer, a smartphone, and a tablet. The server 1709 may
comprise communications components configured to allow
the server 1709 to communicate with participant devices
1701a-c and/or the observer device 1703 simultaneously or
near-simultaneously. For example, the server 1709 may
receive sensor data from a plurality of participant devices
1701a-c, and may then covert the sensor data into a file format
viewable, sometimes in real-time, from the observer device
1703. As such, an observer device 1703 may access the server
1709 to review or receive real-time sensor data from the
server 1709 while the server 1709 receives a data stream of
sensor data from the participant devices 1701a-c.

[0168] A system 1700 may comprise one or more servers
configured to host one or more databases, such as an exercise
database 1705 and a participant database 1707. The servers
hosting the databases may be any computing devices com-
prising a processor and non-transitory machine-readable stor-
age media allowing the databases to perform the various tasks
and processes described herein. In some embodiments, the
databases may be hosted on the same device or on distinct
devices. In addition, in some embodiments, a database may
be hosted on a computing device that may be used for other
purposes. For instance, an exercise database 1707 may be
hosted on a server 1709, an observer device 1703, or a par-
ticipant device 1701, while a participant device 1707 may be
hosted on a server 1709.

[0169] An exercise database 1705 may store a plurality of
exercise records containing data fields associated with exer-
cises. The data fields of a particular exercise may include
indicators of the activity categories (e.g., motions, postures,
actions) that may benefit from the exercise. The exercise
record may include a data model that models the sensor data
inputs and parameters that may be used to measure how well
the participant is performing the exercise.

[0170] A participant database 1707 may store a plurality of
participant records containing data field associated with par-
ticipants. The data fields of a particular participant may
include data about the participant, such as vital information
about the participant (e.g., name, participant identifier,
height, weight), a history of sensor data and parameters,
threshold values determined for the participant, and the like.
[0171] In some implementations, an observer device 1703
and/or a server 1709 may be configured to automatically
generate a set of exercises for participants based on diagnostic
and/or performance parameters of the sensor data received
from the participant devices 1701a-c. Additionally or alter-
natively, the software application executed by the observer
device 1703 and/or the server 1709 may generate a user
interface allowing the observer to input parameter values
and/or the set of exercise. For implementations where the
system 1700 automatically generates a set of exercises, the
diagnostic parameters may be identified in the sensor data and
then applied to a data model for a particular motion, or other
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activity category, to determine a participant’s initial skill
level, or diagnostic score, for a targeted motion. Based on a
diagnostic score calculated for the activity category using the
data model, the server 1709 and/or observer device 1703 may
identify a set of exercises in an exercise database 1705 deter-
mined to be appropriate for the participant’s capabilities for
the activity category. The set of exercises may be updated and
revised as the participant improves a diagnostic score that was
calculated for a particular activity category, which may cor-
respond to a particular motion, posture, collection of muscles,
or other movement skill (e.g., throwing a baseball, swinging
a golf club, a predetermined labor-related motion). The tar-
geted motion may be defined by adatamodel comprising a set
of parameters for motions or postures captured in the sensor
data of particular motions or postures; an activity category
may be used to identify exercises or other data points and data
structures associated with improving upon the targeted
motion. For example, the targeted motion and activity cat-
egory may be associated with improving a runner’s stride. In
this example, diagnostic and/or performance parameters for
this activity category may capture sensor data for aspects of a
runner’s stride (e.g., upright posture, length of leg extension,
arm swing), and the exercises for this activity category may
include exercises for improving upon speed and posture (e.g,,
squats, wall sits, leg extensions, sprints).

[0172] The observer device 1703 or server 1709 may gen-
erate a regime file, after selecting the set of exercises for an
exercise regime to improve a participant’s diagnostic score
for an activity category. The regime file may contain data that
may be used by an application executed by a participant
device 1701 to identify the selected exercises, display the
appropriate exercises on the user interface of the participant
device 1701, and to capture and send the appropriate sensor
data from the sensors 1702. It should be appreciated that the
regime file may be one or more machine-readable data files of
nearly any file type that may be used as a binary or library of
the application. Non-limiting examples of the regime file may
include: a database file or database records (e.g., SQL code),
a text document, an XML file, an HTML file, an executable
file (.exe), a code script (e.g., python, java, C, C++, perl), and
the like. The application may be configured to receive and
read the data fields of the regime file, which may instruct the
participant device 1701 to generate user interfaces displaying
still images or multimedia examples of particular postures,
motions, or exercises. In some cases, the application may
have a set of APIs that correspond to the inputs and outputs of
the regime file, allowing the regime file to pass data and
instructions to the application. The regime file may contain
data associated with the selected exercises; the server or
observer device 1703 may query the exercise database 1705
to extract the data of the regime file from the data fields of the
exercise records. In some implementations, the regime file
may be transmitted directly from the observer device 1703 to
participant devices 1701, using a communications protocol
and application (e.g., email, FTP, communication protocol
native to exercise application). In some implementations, a
server 1709 may store a regime file in a participant database
1707 or other storage location, accessible to participant
devices 1701 and an observer device 1703.

[0173] The description above is largely directed to exem-
plary embodiments of the invention. Specificity of language
and statements of advantageous performance in this specifi-
cation do not imply any commensurate limitation on the
scope of the invention, nor do they require the stated perfor-
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mance. Thus no one embodiment disclosed herein is essential
to the practice of another unless indicated as such. Indeed, the
invention, as supported by the disclosure including specifica-
tion, claims, abstract of the disclosure, and figures provided,
includes all systems and methods that can be practiced from
all suitable combinations of the various aspects disclosed, and
all suitable combinations of the exemplary elements listed.
Such combinations have particular advantages, including
advantages not specifically recited herein.

[0174] Alterations and permutations of the proffered
embodiments and methods will become apparent to those
skilled in the art upon review of the specification, claims and
drawings. Although the disclosed system is particularly suit-
able for analysis and improvement of golf swings, variations
can be implemented, for example, for analysis and improve-
ment of other athletic motions such as racquet sport swings
like tennis, or for analysis of other motions, including animal
motions, particularly using the biofeedback mode and motion
analysis and prescription techniques, such as to diagnose and
recommend courses of treatment for physical therapy.
Accordingly, none of the disclosure of the embodiments and
methods constrains the scope of the invention. Rather, the
claims issuing hereon or on one or more applications claim-
ing benefit of this application or the applications to which it
claims priority will variously define the invention.

[0175] A system and method for analyzing and improving
the performance of an athletic motion such as a golf swing
may require: instrumenting a user with inertial sensors and
optionally with video cameras and monitoring a golf swing or
other athletic motion of interest; drawing upon and contrib-
uting to a vast library of performance data for analysis of the
testresults; the analysis including scoring pre-defined param-
eters relating to component parts of the motion and combin-
ing the parameter scores to yield a single, kinetic index score
for the motion; providing an information rich, graphic display
of the results in multiple formats including video, color coded
and stepped frame animations from motion data, and syn-
chronized data/time graphs; and based on the results prescrib-
ing a user-specific training regime with exercises selected
from a library of standardized exercises using standardized
tools and training aids.

[0176] Other and various examples and embodiments
equivalent to and within the scope of the claims that follow
will be apparent to those skilled in the art.

[0177] The foregoing method descriptions and the process
flow diagrams are provided merely as illustrative examples
and are not intended to require or imply that the steps of the
various embodiments must be performed in the order pre-
sented. The steps in the foregoing embodiments may be per-
formed in any order. Words such as “then,” “next,” etc. are not
intended to limit the order ofthe steps; these words are simply
used to guide the reader through the description of the meth-
ods. Although process flow diagrams may describe the opera-
tions as a sequential process, many of the operations can be
performed in parallel or concurrently. In addition, the order of
the operations may be re-arranged. A process may correspond
to a method, a function, a procedure, a subroutine, a subpro-
gram, etc. When a process corresponds to a function, its
termination may correspond to a return of the function to the
calling function or the main function.

[0178] The various illustrative logical blocks, modules, cir-
cuits, and algorithm steps described in connection with the
embodiments disclosed herein may be implemented as elec-
tronic hardware, computer software, or combinations of both.
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To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules,
circuits, and steps have been described above generally in
terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the par-
ticular application and design constraints imposed on the
overall system. Skilled artisans may implement the described
functionality in varying ways for each particular application,
but such implementation decisions should not be interpreted
as causing a departure from the scope of the present invention.
[0179] Embodiments implemented in computer software
may be implemented in software, firmware, middleware,
microcode, hardware description languages, or any combina-
tion thereof. A code segment or machine-executable instruc-
tions may represent a procedure, a function, a subprogram, a
program, a routine, a subroutine, a module, a software pack-
age, a class, or any combination of instructions, data struc-
tures, or program statements. A code segment may be coupled
to another code segment or a hardware circuit by passing
and/or receiving information, data, arguments, parameters, or
memory contents. Information, arguments, parameters, data,
etc. may be passed, forwarded, or transmitted via any suitable
means including memory sharing, message passing, token
passing, network transmission, etc.

[0180] The actual software code or specialized control
hardware used to implement these systems and methods is not
limiting of the invention. Thus, the operation and behavior of
the systems and methods were described without reference to
the specific software code being understood that software and
control hardware can be designed to implement the systems
and methods based on the description herein.

[0181] When implemented in software, the functions may
be stored as one or more instructions or code on a non-
transitory computer-readable or processor-readable storage
medium. The steps of a method or algorithm disclosed herein
may be embodied in a processor-executable software module
which may reside on a computer-readable or processor-read-
able storage medium. A non-transitory computer-readable or
processor-readable media includes both computer storage
media and tangible storage media that facilitate transfer of a
computer program from one place to another. A non-transi-
tory processor-readable storage media may be any available
media that may be accessed by a computer. By way of
example, and not limitation, such non-transitory processor-
readable media may comprise RAM, ROM, EEPROM, CD-
ROM or other optical disk storage, magnetic disk storage or
other magnetic storage devices, or any other tangible storage
medium that may be used to store desired program code in the
form of instructions or data structures and that may be
accessed by a computer or processor. Disk and disc, as used
herein, include compact disc (CD), laser disc, optical disc,
digital versatile disc (DVD), floppy disk. and blu-ray disc
where disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Combinations of the
above should also be included within the scope of computer-
readable media. Additionally, the operations of a method or
algorithm may reside as one or any combination or set of
codes and/or instructions on a non-transitory processor-read-
able medium and/or computer-readable medium, which may
be incorporated into a computer program product.

[0182] The preceding description of the disclosed embodi-
ments is provided to enable any person skilled in the art to
make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in
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the art, and the generic principles defined herein may be
applied to other embodiments without departing from the
spirit or scope of the invention. Thus, the present invention is
not intended to be limited to the embodiments shown herein
but is to be accorded the widest scope consistent with the
following claims and the principles and novel features dis-
closed herein.
[0183] While various aspects and embodiments have been
disclosed, other aspects and embodiments are contemplated.
The various aspects and embodiments disclosed are for put-
poses of illustration and are not intended to be limiting, with
the true scope and spirit being indicated by the following
claims.
What is claimed is:
1. A method comprising:
receiving, by a computer of a motion monitoring system,
sensor data containing one or more diagnostic param-
eters associated with an activity category from a mobile
device of a participant, wherein the sensor data is gen-
erated from one or more sensors configured to commu-
nicate the sensor data to the mobile device;

determining, by the computer, a diagnostic score for the
activity category based upon the one or more diagnostic
parameters in the sensor data received from the mobile
device;
generating, by the computer, a regime file comprising data
from one or more exercise records selected from an
exercise database based upon the diagnostic score and
the activity category, wherein each exercise record con-
tains at least one data field identifying the activity cat-
egory associated with the exercise record;
transmitting, by the computer, the regime file to the mobile
device, wherein the data in the regime file comprises a
set of one or more performance parameters for each
respective exercise in the regime file, and wherein the
regime file instructs the mobile device to generate the
sensor data associated with each respective exercise
according to the performance parameters for the respec-
tive exercise;
receiving, by the computer, from the mobile device the
sensor data for a first exercise, the sensor data compris-
ing the set of one or more performance parameters of the
first exercise in accordance with the regime file;

generating, by the computer, in real-time, on a user inter-
face displaying a representation corresponding to
motion indicated by the sensor data received from the
mobile device.

2. The method according to claim 1, wherein the computer
receives sensor data from a plurality of mobile devices asso-
ciated with a plurality of participants.

3. The method according to claim 3, wherein the computer
is configured to generate, in real-time, a plurality of user
interfaces displaying the representation corresponding to
motion indicated by the sensor data received from each
respective mobile device of the plurality of mobile devices.

4. The method according to claim 1, wherein receiving the
sensor data for the first exercise from the mobile device fur-
ther comprises:

updating, by the computer, the diagnostic score of the

activity category using the performance parameters in
the sensor data for the first exercise;

5. The method according to claim 4, further comprising:

updating, by the computer, the regime file based upon the

diagnostic score for the activity category, upon deter-
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mining that the diagnostic score of the activity category
exceeds a category threshold value; and

transmitting, by the computer, an updated regime file to the

mobile device containing an updated set of one or more
exercises.

6. The method according to claim 1, further comprising:

receiving, by the computer, baseline profile data of the

participant from the mobile device of the participant;
and

determining, by the computer, a diagnostic threshold value

for the activity category based upon a profile model
corresponding to the baseline profile data,

wherein the computer selects the one or more exercises

from the exercise database based upon a difference
between the diagnostic threshold value for the activity
category and the diagnostic score for the activity cat-
egory.

7. The method according to claim 6, further comprising
determining, by the computer, a second diagnostic threshold
value, upon determining that the diagnostic score satisfies the
diagnostic threshold value.

8. The method according to claim 6, further comprising
selecting, by the computer, the one or more exercise records
for the activity category, upon determining that the diagnostic
score for the activity category fails the diagnostic threshold
value.

9. The method according to claim 1, further comprising
storing, by the computer, into a participant record of a par-
ticipant database the baseline profile data, one or more diag-
nostic scores for one or more activity categories, one or more
category threshold values for the one or more activity catego-
ries, and the regime file for the activity category.

10. The method according to claim 1, wherein the sensors
are a type of sensor selected from the group consisting of:

inertial sensors, heat sensors, optical sensors, and heart rate

Sensors.

11. A system comprising an exercise database hosted on
one or more computing devices comprising non-transitory
machine-readable storage media, the exercise database con-
figured to store a plurality of exercise records containing at
least one data field identifying an activity category and a set of
performance parameters; and

an observer device configured to:

receive from one or more participant devices sensor
data, the sensor data received from each respective
participant device generated from a set of one or more
sensors in communication with the participant device;

determine a diagnostic score for an activity category
associated with the motion based upon diagnostic
parameters in the sensor data;

generate a regime file for a participant device, the regime
file comprising data from one or more exercise
records selected from the exercise database based
upon the diagnostic score and the activity category;

transmit the regime file to the participant device;

receive from the participant device the sensor data for a
first exercise of the regime file; and

generate in real-time a user interface displaying a real-
time visual representation corresponding to the first
exercise according to the sensor data received from
the participant device.

12. The system according to claim 11, wherein the observer
device is further configured to generate in real-time a user
interface displaying one or more real-time visual representa-
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tions corresponding to one or more exercises using the sensor
data received from a plurality of participant devices.

13. The system according to claim 11, further comprising a
participant database hosted on one or more servers compris-
ing non-transitory machine-readable storage media, the par-
ticipant database configured to store one or more participant
records,

wherein each participant record is configured to store sen-

sor data generated from sensors in communication with
the participant device of the participant, and one or more
diagnostic scores for one or more activities categories.

14. The system according to claim 13, wherein the observer
device is further configured to:

store the regime file into the participant record of the par-

ticipant, and

instruct the participant database to transmit the regime file

to the participant device.

15. The system according to claim 13, wherein the observer
device is further configured to:

update the regime file based upon the diagnostic score for

the activity category, upon determining that the diagnos-
tic score of the activity category exceeds a category
threshold value, using the sensor data received from the
participant device, and

transmit an updated regime file to the participant device,

the updated regime file containing an updated set of one
or more exercises selected according to the updated
diagnostic score.

16. The system according to claim 13, wherein the partici-
pant database is further configured to store baseline profile
data in each respective participant record;
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wherein the observer device is further configured to:

determine a diagnostic threshold value for the activity
category based upon a profile model corresponding to
the baseline profile data in the participant record, and

select the one or more exercises for the regime file from
the exercise database, based upon a difference
between the diagnostic threshold value for the activity
category and the diagnostic score for the activity cat-
egory.

17. The system according to claim 16, wherein the observer
device is further configured to determine a second diagnostic
threshold value, upon determining that the diagnostic score
satisfies the diagnostic threshold value.

18. The system according to claim 16, wherein the observer
device is further configured to select the one or more exercise
records for the activity category, upon determining that the
diagnostic score for the activity category fails the diagnostic
threshold value.

19. The system according to claim 11, wherein the sensors
are a type of sensor selected from the group consisting of:

inertial sensors, heat sensors, optical sensors, and heart rate

Sensors.

20. The system according to claim 11, wherein the partici-
pant device is configured to generate a display of each respec-
tive exercise in the regime file, and instruct the set of one or
more sensors to capture sensor data comprising at least the
diagnostic parameters or performance parameters associated
with each exercise, as indicated by a data model associated
with the exercise of each respective exercise record.
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