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Description
FIELD OF THE INVENTION

[0001] This disclosure relates to a method and system
for delivering biomechanical feedback to human and ob-
ject motions.

BACKGROUND OF INVENTION

[0002] Systems capable of delivering human and ob-
ject motion currently exist but are typically very sophisti-
cated and expensive. As well, the format of the feedback
provided by these systems varies considerably. Typical-
ly, there are no exhaustive methods and systems to de-
liver biomechanical feedback across multiple platforms
and entities consistently. For example, optical motion
capture is currently used in motion capture studios and
sports technology companies to analyze humans and ob-
jects. These motion capture laboratories and studios fo-
cus on biomechanical research of human subjects to an-
alyze performance, recovery, and injury risk identifiers,
amongst others. Many biomechanical researchers de-
velop proprietary software and processing algorithms to
extract kinematic and kinetic measures of human and
object motion. The application of physics engines to ex-
tract these metrics are based on the precision and loca-
tion of retro-reflective markers on bony anatomical land-
marks of the body and objects. Feedback is usually given
in highly technical formats that often leave the test-sub-
ject unaware of the true underlying biomechanical flaw
and fail to address corrective exercises, drills, and train-
ing regimens to improve performance and recovery, and
reduce the risk of injury. As well, when and if prescriptive
feedback is given, there are few methods to assess com-
pliance with such feedback and there are few systems
available for appropriate re-evaluation of the human sub-
ject and object.

[0003] Accordingly, a need exists fora system that pro-
vides biomechanical feedback in aformat which is usable
by an actor/athlete to improve their performance and re-
duce their risk of injury and that is supported by statistical
relationship models, interactive platforms, and more ad-
vanced hardware platforms.

[0004] Wearable technology is becoming a primary
means of assessing human and object motion. This tech-
nology is based upon embedding sensor technology in
wearable garments. An example of such use is the ability
to extract data from one or more on miniaturized accel-
erometers and gyroscopes for the purpose of recon-
structing three-dimensional motion, however, there are
limitations to the precision and accuracy of wearable
technology that often misleads users with information
that is not supported by statistical models. Wearable
technology also does not provide comprehensive motion
detection of all body and object segments, and, thus,
does not allow for extensive prescriptive feedback to im-
prove performance and recovery, and, thereby, reduce
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the risk of injury. Wearable technology is often wirelessly
interfaced with mobile devices to compute kinematics
and kinetics, and to display biomechanical feedback in
single sessions. Thatsaid, there is no cross-platform con-
tinuity to keep users engaged, and few methods to mon-
itor compliance and deliver significant feedback.

[0005] Accordingly, a further need exists for a system
that incorporates advanced physics engine capabilities,
advanced hardware processing and sensor technology,
and interactive interfaces to produce meaningful data us-
able by an actor/athlete toimprove their performance and
reduce their risk of injury.

[0006] Document US 2008/0285805 discloses a de-
vice for capturing motion and for generating a model rep-
resenting the closest prio art.

SUMMARY OF THE INVENTION

[0007] The presentinvention discloses a device and a
method as defined by claims 1 and 8.

[0008] Disclosed is a method and system to deliver
biomechanical feedback to subjects. The system utilizes
three major elements: (1) multiple hardware data capture
devices, including optical motion capture, inertial meas-
urement units, infrared scanning devices, and two-di-
mensional RGB consecutive image capture devices, (2)
a cross-platform compatible physics engine compatible
with optical motion capture, inertial measurement units,
infrared scanning devices, and two-dimensional RGB
consecutive image capture devices, and (3) interactive
platforms and user-interfaces to deliver real-time feed-
back to motions of humans and any objects in their pos-
session and proximity.

[0009] The first element, a cross-platform compatible
physics engine, imports data captured from a variety of
hardware devices. Data imported from the hardware de-
vices are then fed through kinematics and kinetics algo-
rithms to extract desired biomechanical data. Datais then
compiled by the physics engine across multiple subjects
and across multiple sessions of a single subject. The
physics engine also computes mechanical equivalencies
to allow compatibility across hardware platforms. Me-
chanical equivalencies include correlating database data
to injury and performance statistics, correlating discrete
kinematics and kinetics of a body to discrete kinematics
and kinetics of objects, principal component analysis to
correlate time-series data of the body to objects, com-
parison of subjectand object data to compiled databases,
and extraction of prescriptive feedback based on all me-
chanical equivalencies

[0010] The second element, the hardware data cap-
ture devices, may comprise a variety of peripheral devic-
es that collect two-dimensional or three-dimensional mo-
tion data of subject or object. In one example, such pe-
ripheral devices may comprise (1) optical motion capture
devices to collect three-dimensional positional data on
reflective markers placed on the body and/or an object,
(2) inertial measurement units with gyroscopes and ac-
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celerometers placed on the body, on an object, or in gar-
ments, to collect three-dimensional translation and rota-
tion motion data of object(s) or segment(s) of the subjects
body, (3) infrared scanning devices, such as the Micro-
soft Kinect or Google Tango, to capture three-dimension-
al point clouds of movement data and incorporate skel-
etal and object tracking algorithms to extract three-di-
mensional joint and object positions, and (4) Red Green
Blue (RGB) two-dimensional consecutive image capture
devices to collect movement images and to incorporate
skeletal and object tracking algorithms to extract three-
dimensional joint and object positions and kinematics.
[0011] The hardware data capture devices of the sec-
ond element may further comprise wearable sensor tech-
nology which utilizes motion sensing hardware embed-
ded in wearable garments to compute human and object
motion. The wearable technology may be coupled the
physics engine and interactive interface to offer prescrip-
tive feedback to flaws identified in the subject’s and ob-
ject's motion. Such feedback may be based on an ex-
haustive body of object motion correlations made during
biomechanical research, and be provided to the user via
the interactive interface.

[0012] The third element, the interactive interface, uti-
lizes information generated by the physics engine to cre-
ate a user-interface that displays data to the user. This
interactive interface may be implemented in variety of
forms such as mobile device screens (iOS/Android),
Web-Based interfaces (HTML), Heads-Up-Displays
(VR/AR Headsets), and Windows/OSX static formats
(spreadsheets, PDF’s, etc.). The interactive interface has
the capability of feeding information to the user, as well
as the ability to collect information from the user for the
purpose of monitoring compliance and monitoring usa-
bility of the interface. The interactive platform may be
utilized to provide to the user insight gathered from bio-
mechanical research and marker-based motion capture
methods. Such interactive platforms will be able to offer
prescriptive feedback based on motion data gathered
from either the wearable technology, or the motion sens-
ing mechanism built into the interactive platform and en-
able compliance monitoring and continuous engagement
across a suite of wearable technology methods. Informa-
tion may be stored on a back-end storage server and
also exported to the physic engine and to one or more
of the hardware devices.

[0013] According to one aspect of the disclosure, sys-
tem for providing prescriptive feedback based on motion
of a human subject or object comprises: A) a hardware
engine for gathering data about the motion of a subject
or object, B) a physics engine operatively coupled to the
hardware engine and configured for processing the gath-
ered motion data and correlating the processed motion
data with previously stored biomechanical data repre-
senting idealized motion models, and C) an interactive
interface operatively coupled to the data gathering de-
vices and the physics engine and configured for providing
prescriptive feedback on flaws identified in the subject’s
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or object’s motion.

[0014] According to another aspect of the disclosure,
a method for providing prescriptive feedback based on
motion of a human subject or object comprises: A) gath-
ering data about the motion of a subject or object, B)
processing the gathered motion data and correlating the
processed motion data with previously stored biome-
chanical data representing idealized motion models, and
C) providing prescriptive feedback on flaws identified in
the subject’s or object’'s motion. In one embodiment
method further comprises D) enabling compliance mon-
itoring of the motion of the subject and/or object.

[0015] According to yet another aspect of the disclo-
sure, a method for offering prescriptive feedback based
on motion of a human subject and/or objects comprises:
A) gathering motion data from either a wearable garment
or device having motion sensing hardware embedded
therein or from a motion sensing mechanism built into
the interactive platform, B) processing motion data, C)
correlating the process motion data with previously
stored biomechanical data representing idealized motion
models, and D) providing prescriptive feedback on flaws
identified in the subject’'s and object’s motion based on
the motion data gathered from either the wearable tech-
nology or interactive platform.

Brief Description of the Drawings

[0016] The present disclosure is illustratively shown
and described with reference to the accompanying draw-
ing in which:

Figure 1 illustrates conceptually a system for deliv-
ering biomechanical feedback to human and object
motion;

Figure 2 illustrates conceptually a method of the sys-
tem for delivering biomechanical feedback to human
and object motion and the interaction of the physics
engine;

Figure 3 illustrates conceptually a method of the sys-
tem for delivering biomechanical feedback to human
and object motion by use of an interactive engine;
Figures 4A-B illustrate conceptually a method of the
system for delivering biomechanical feedback to hu-
man and object motion by use of hardware engines;
Figure 5 illustrates conceptually a specific marker
sets used in the method of biomechanical research
and its relation to optical motion capture;

Figures 6A-H illustrate conceptually examples of
wearable technology in accordance with the disclo-
sure;

Figure 7 illustrates conceptually a diagram of an ex-
emplary computer architecture in accordance with
the present disclosure; and

Figure 8 illustrates conceptually a diagram of an ex-
emplary network topology in which the system may
be implemented in accordance with the present dis-
closure.
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DETAILED DESCRIPTION OF THE INVENTION

[0017] The present disclosure will be more completely
understood through the following description, which
should be read in conjunction with the drawings. In this
description, like numbers refer to similar elements within
various embodiments of the present disclosure.

[0018] Is used herein, the term "engine" means one or
more elements, whether implemented in hardware, soft-
ware, firmware, or any combination thereof, capable of
performing any function described herein, including a col-
lection of such elements which collaboratively perform
functions wholly or partially, serially or in parallel, syn-
chronously or asynchronously, remotely or locally, re-
gardless of data formats or protocols.

[0019] Referring to Figure 1, a system for providing
biomechanical feedback comprises a physics engine
100, a hardware engine 102, and an interactive engine
101 to deliver biomechanical feedback on human or ob-
ject motion. As used herein, hardware engine 102 may
comprise one or a plurality of hardware/software devices
which function collectively or individually to achieve the
described functionality. Similarly, as used herein, inter-
active engine 101 may comprise one or a plurality of hard-
ware/software devices which function collectively or in-
dividually to achieve the described functionality, typically
receiving data from or providing data to a subject.
[0020] Physics engine 100 functions as a cross-plat-
form compatible method to transform raw three-dimen-
sional data captured from various hardware data collec-
tion devices into usable biomechanical feedback. Figure
2 illustrates conceptually an exemplary process flow of
the physics engine 100. First, the physics engine 100 is
initialized, typically to a startup state with default param-
eters, as illustrated by process block 200. The physics
engine 100 imports, either in a push or a pull manner
over any network infrastructure, wireless or otherwise,
either two-dimensional or three-dimensional datasets
from the hardware engine 102, as illustrated by process
block 201. Inone embodiment, hardware engine 102 may
comprise individually or collectively any of optical motion
capture device 212, inertial measurement units 213, in-
frared from point scanning devices 214, and image cap-
ture devices 215. Data imported from these devices is
provided to physics engine 100 which performs one or
more algorithmic processes to compute kinematics and
kinetics of the human body and objects, as illustrated by
process block 202.

[0021] Anpseudocode example of the type of kinemat-
ic and kinetic algorithmic computations performed by
physics engine 11 on data from optical motion capture
device 212, infrared scanning devices 214 and image
and video capture devices 215, is as follows:

- Define a multisegment or single segment biome-
chanics model comprising bilateral and/or unilateral
segments, such as the hands, forearms, upper arms,
upper trunk, neck, head, pelvis, upper thighs, lower
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shanks, feet, and any objects used in the proximity

- Define long-axis unit vectors of the body or object
segments in the model using three-dimensional XYZ
marker data

- Define Planar-axis unit vectors of each of the above
segments

- Compute a cross product of the long and planar axes
to determine the third unit vector of each segment

- Compute the cross product of the third unit-vector
and the long-axis unit vector to create three orthon-
ormal unit vectors for each segment in the model

- Compute angular velocity vectors of each model
segment using a derivative method of unit vectors
of each segment

- Compute relative joint angles (in euler and polar co-
ordinate systems) using each segment’s set of unit
vectors

- Define human mass model using subject weight and
height and anthropometrics of body segments to cal-
culate mass moments of inertia about each segment,
and center of mass locations

- Compute accelerations of each marker and of each
segment center of mass using a five-point central
difference filter

- Compute angular accelerations of each model seg-
ment using a five point central difference filter of an-
gular velocity

- Compute aninverse dynamics model of motion using
angular velocity components of each segment, an-
gular acceleration components of each segment,
and linear acceleration components of each seg-
ment’s center of mass

- Event detection algorithms are used to determine
points of interest during a particular motion

- Kinematics and Kinetic values are extracted at points
of interest (examples of kinematics and kinetic val-
ues are peak angular velocity of the pelvis segment
during a sport motion (in meters per second), or
shoulder rotation at foot contact during a throwing
motion (in degrees)

To compute kinematics and kinetics from inertial meas-
urement units 213, the following steps are undertaken:

- Raw sensor data is fused together using an axis-
angle integration method.

o A rotation matrix of the sensor is initialized us-
ing the gravity vector during a still point (Gravity
can also be detected when there is no still point
by measuring integration offset after the axis-
angle method is completed)

o Angular rate data from the gyroscope is inte-
grated into a rotation matrix at each sample dur-
ing the motion

o Each rotation matrix from each sample is mul-
tiplied consecutively to the initialized rotation
matrix in a body-fixed method
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o Acceleration data is transformed into the global
frame using the rotation matrix computed from
the angular rate data

o Gravity is subtracted from the rotated acceler-
ation data in the global reference frame

o Rotated acceleration data is integrated into ve-
locity and position of the sensor and/or any point
on a rigid body to which the sensor is attached

- Raw acceleration and angular rate data is trans-
formed into the inertial reference frame at the center
of mass of the segment or object to which the sensor
is attached

- All processed data is rotated by an offset error that
may exist in a system

- All rotated and inertial data is filtered using a fourth
order low pass filter

- Inertial reference frame acceleration data and angu-
lar rate data are fed into an open-chain inverse dy-
namics kinetic model to solve for reaction forces and
torques about vertices withinahuman or object mass
model defined by anthropometrics, height, weight,
or lookup tables of object properties

- Event detection algorithms are used to determine
points of interest during a particular motion (An ex-
ample of an event detection algorithm in baseball
pitching encompases the generation of Principal
Components of a historical dataset (training data).
When a given buffer of data in a hardware device
meets the criteria of fitting the principal components,
an event (such as a pitch) is detected. Event detec-
tion is used to prevent undesired motion from being
detected in a given application).

- Kinematics and Kinetic values are extracted at points
of interest from integrated positions, velocities, ac-
celerations, angular rates, and reaction force and
torque data.

[0022] The above identified process for the computa-
tion of kinematics and kinetics data are repeated for mul-
tiple trials of a subject’s or object’'s motion and compiled
in a memory or database, as illustrated by process block
203. In one example, similar computed kinematics and
kinetics data are compiled across multiple subjects and
stored for further analysis, as also illustrated by process
block 203. Physics engine 100 then provides relevant
portions of the compiled kinematics and kinetics data to
mechanical equivalency models, as illustrated by proc-
ess block 204. As part of this process, physics engine
100 correlates the compiled data to performance and in-
jury data, as illustrated by process block 300. Discrete
data are correlated to performance and injury data by
way of person correlations and Bayesian mixed regres-
sionto eliminate non-contributing factors. Physics engine
100 further correlates discrete kinematics and kinetics
data of the body to discrete kinematics and kinetics of
the object or other body segments, as illustrated by proc-
ess block 302. Discrete body data are correlated other
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discrete body and object data 302 in a similar method to
300 by way of person correlations and Bayesian mixed
regression. Also as part of this process, physics engine
100 correlates time-series data of the body to time-series
data of other body parts or objects using principal com-
ponent analysis, as illustrated by process block 303.
Time-series segment data are reduced to multiple, e.g.
over 80, principal components. The reduced components
are then correlated to principal components of other body
or object segments and are used to extract additional
motion given raw data from one or more body segments.
Discrete and time-series data are compared to a data-
base of motion, as illustrated by process block 305, by
use of averages and standard deviations of data across
multiple subjects. Based upon relationships established
during process blocks 300, 302, 303, 305, physics engine
100 further extracts prescriptive feedback using correla-
tion models and the subject’s/object’s motion, as illus-
trated by process block 304. After the prescriptive feed-
back information is gathered by the physics engine 100,
the prescriptive feedback is exported to interactive en-
gine 101, as illustrated by process block 205, and pre-
sented to the subject/object in a matter that facilitates
altering the mechanics in a way that leads to increased
performance or reduced risk of injury.

[0023] Figure 3 illustrates the process flow performed
by the interactive engine 101. After any initialization of
the interactive engine 101, information is acquired from
the physics engine 100, as illustrated by process block
206, either manually, or with automated API’s in either a
push or pull protocol. Such information is then stored on
back end servers and databases, as illustrated by proc-
ess block 207, in a logical manner for reference. Next,
the information acquired from physics engine 100 is dis-
played through user interfaces, as illustrated by process
block 208. Interactive engine 101 may display the infor-
mation acquired from physics engine 100 through any of
mobile devices (iOS/Android) 306, spreadsheets 307,
web-based interfaces (HTML) 308, and virtual and/or
augmented reality heads-up displays 309, as illustrated
by process block 208. After such information is displayed,
the interactive engine 101 has the further capability to
monitor compliance and usability information through the
various interface components of interactive engine 101,
as illustrated by process block 209, by storing compliance
information entered by a user or collected by one of the
data collection devices comprising hardware engine 102.
Any acquired compliance information may be exported
to either the hardware engine 102 and/or physics engine
100, as applicable, to form a continuous feedback loop,
as illustrated by process block 210, and as illustrated in
Figure 1.

Figures 4A-B illustrate the process flow performed by the
hardware engine 102. For the optical motion capture de-
vices 212, third party software is utilized to calibrate mul-
tiple, e.g. up to 16, near infrared cameras around a cen-
tralized volume space, as illustrated by process block
310. Retro-reflective markers are then placed on the sub-
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ject and/or object as seen in Figures 5A-D. Data are re-
corded with devices 212 and transmitted using an Eth-
ernet bus connected to a computer. The calibrated XYZ
positions of each marker in the capture volume are re-
corded into a binary encoded file, as illustrated by proc-
ess block 312. After collection, the acquired data are ex-
ported to the physics engine 102, for example using Win-
dows/OSX devices, for processing, as illustrated by proc-
ess block 313. For the inertial measurement devices 213,
accelerometers and gyroscopes are calibrated and inter-
faced with a microcontroller capable of interfacing with
any of memory, e.g. RAM or FLASH, and Bluetooth
chipsets by internal firmware operations that control the
hardware, as illustrated by process block 314. Inertial
measurement units are placed on points of interest, such
as body segments or objects, as illustrated by process
block 315. Six axes of data, in addition to time samples,
may be recorded continuously. Upon the trigger of a cus-
tomized event (eventdetection), as illustrated by process
block 316, data are stored in RAM and/or FLASH memory
for later analysis, as illustrated by process block 317.
Data are simultaneously compressed using principal
component analysis, similar as previously described with
reference to process block 303, as illustrated by process
block 318. Data are then exported to a physics engine
100, with, for example, Bluetooth low energy SDK proc-
esses on mobile devices (i0S/Android), as illustrated by
process block 319. For the infrared scanning devices
214, a scanning laser is calibrated alongside on-board
inertial measurement units that may include accelerom-
eters and gyroscopes, or other positional measurement
units, such as Red Green Blue (RGB) video or known
environmental conditions, as illustrated by process block
320. XYZ point cloud data of human and object motion
is then captured, as illustrated by process block 321, and
stored to local memory. Simultaneously, a local skeletal
and object tracking algorithm is implemented to track
three-dimensional joint and object positions, as illustrat-
ed by process block 322. The local skeletal and object
tracking algorithm may be implemented using known an-
thropometrics of the human, or known information from
the object, alongside edge filtering techniques to identify
points of interest on a human or object. Skeletal and ob-
ject data are then also stored in memory, as illustrated
by process block 323, and are exported to a physics en-
gine 100 by, for example, Android/iOS devices. For the
image and video capture devices 215, consecutive two-
dimensional RGB images and videos of human object
motion are captured, as illustrated by process block 325.
A local skeleton and object tracking algorithm is then
used to extract joint and object positions similar as pre-
viously described with reference to process block to 322,
as illustrated by process block 326. Skeletal and object
positional data are then stored to memory, as illustrated
by process block 327, and are exported to physics engine
100, by for example, mobile devices (iOS/Android), as
illustrated by process block 328.

[0024] As seen in Figure 5A-D, markerset 300 com-
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prise a full body markerset 400 and various object mark-
ersets, including baseball/softball bat markerset 401, golf
clubs markerset 402, tennis racket markerset 403, and
other objects that interact with a human body. Figure 5A
illustrates conceptually a full body markerset 400 com-
prises markers attached to bony anatomical landmarks,
including, but not limited to: front of the head, back of the
head, right side of the head, left side of the head, the T2
vertebrate, the T8 vertebrate, the Xiphoid process of the
sternum, the left and right sternoclavicular joints, the Ac-
romioclavicular joint of both shoulders, the middle of the
bicep of the upper arms, the lateral and medial epicondyle
of both humeruses, middle of the forearms, the medial
and lateral styloid processes of both wrists, the tip of the
third metacarpal in both hands, the right and left posterior
superior iliac spines, the right and left anterior superior
iliac spines, the right and left greater trochanters, the mid-
dle of both thighs, the medial and lateral epicondyles of
the femurs, the right calf, the medial and lateral
malleouleses of the ankles, the tip of the third metatarsal
of both feet, and the tip of the calcaneous in both feet.
[0025] Figure 5B illustrates conceptually a markerset
401 with five markers attached to a hypothetical baseball
bat in the following locations: knob of bat, above the han-
dle of the bat, at the center of mass of the bat, at the tip
of the bat forming a line between the knob and center of
mass, and on the posterior side of the bat at the tip.
[0026] Figure 5C illustrates conceptually a markerset
402 with five markers attached to a hypothetical golf club
atthefollowinglocations: atthe base of the handle, above
the handle, at the center of mass, at the base of the club,
and at the tip of the clubface to form a direct line of the
clubface angle.

[0027] Figure 5D illustrates conceptually a markerset
403 with five markers are placed on a hypothetical tennis
racket at the following locations: at the base of the handle,
at the intersection of the handle and the racket head, on
the left and right sides of the racket head, and at the tip
of the racket head.

[0028] ReferringtoFigures 6A-H, wearable technology
102, they comprise in examples any of a plurality of gar-
ments 800, which may be made of any material including
spandex, Lycra, polyester, in combination with cotton,
silk or any other wearable material, to assist with the ac-
quisition of motion data from human subjects and/or ac-
companying objects. Various examples of such gar-
ments are described in greater detail below. Each gar-
ment 800 comprises multiple data-gathering mecha-
nisms 801, such as MEMS/IMU hardware, which can
which can record and transmit motion data wirelessly to
an iOS/Android phone or other network enabled device
802. Software applications, such as those available from
Diamond Kinetics, Pittsburgh, PA may be utilized to com-
pute kinematics from MEMS/IMU hardware.

[0029] In one example, the mThrow sleeve garment
803, as illustrated in Figure 6A, is coupled with motion
sensors 801 to monitor workload and performance. The
mThrow sleeve garment 803 is worn on the throwing arm
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during practices, games, or rehab sessions. Data may
be collected throughout workouts and is transmitted wire-
lessly to an iOS/Android phone or other network enabled
device. In such example, garment 803 may comprise 801
a six axis accelerometer/gyroscope IMU that interfaces
wirelessly via Bluetooth or other protocol with a mobile
device 802, such as an iOS/Android smartphone. Soft-
ware applications, either executing on the network ena-
bled device or remotely accessible via a network, perform
the functions to interact with the physics engine 100 and
interactive engine 101. Such existing functions include
computation of throwing forearm motion, kinetic solutions
of elbow reaction forces and torques, algorithmic calcu-
lation of throwing workload during game/practice/sea-
son/career, pitch and throw counting functions, compu-
tation of arm and ball speed, and trends for the use of
performance and injury forecasting. Principal component
analysis of sensor data will also allow for mechanical
equivalence models to be created that extract additional
segment data that is not directly measured by the sen-
sors.

[0030] In another example, the mThrow Pro garment
804, as illustrated in Figure 6B, is a comprehensive
throwing analysis platform designed to allow athletes of
all ages and skill level to receive a full-body biomechan-
ical analysis of their throwing mechanics. Data is gath-
ered with four motion sensors. mThrow Pro garment 804
can be worn during games or practices, and is coupled
with interactive applications to provide useful feedback.
In such example, garment 804 may comprise 801 multi-
ple six axis accelerometer/gyroscope IMU’s that interfac-
es wirelessly via Bluetooth or other protocol with a mobile
device 802, such as an iOS/Android smartphone. Soft-
ware applications, either executing on the network ena-
bled device or remotely accessible via a network, perform
the functions to interact with the physics engine 100 and
interactive engine 101. Such existing functions include
computation of throwing forearm, upper arm, pelvis, and
upper trunk biomechanical motion, kinetic solution of el-
bow and shoulder reaction forces and torques, algorith-
mic calculation of throwing workload during game/prac-
tice/season/career, pitch and throw counting functions,
computation of ball and arm speed, computation of ki-
netic chain velocities and accelerations of the pelvis, up-
per trunk, upper arm, and forearm and their associated
temporal reference, and trends for the use of perform-
ance and injury forecasting. Principal component analy-
sis of sensor data will also allow for mechanical equiva-
lence models to be created that extract additional seg-
ment data that is not directly measured by the sensors.
[0031] Inanother example, the mRun ACL Sleeve gar-
ment 806, as illustrated in Figure 6C, is coupled with mo-
tion sensors 801 and EMG muscle activity sensors 805
to detect injury risk factors and workload in athletic move-
ments such as running, sprinting, cutting, and jumping.
The mRun ACL Sleeve garment 806 can be used on the
field of play during games, practice, ortraining. The mRun
ACL Sleeve garment 806 may comprise 801 a six axis
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accelerometer/gyroscope IMU and 805 two EMG sen-
sors on the quadriceps and hamstrings that interfaces
wirelessly via Bluetooth or other protocol with a mobile
device 802, such as an iOS/Android smartphone. Soft-
ware applications, either executing on the network ena-
bled device or remotely accessible via a network, perform
the functions to interact with the physics engine 100 and
interactive engine 101. Such existing functions include
computation of lower extremity kinematics, muscle firing
activity, and algorithmic computation of movement work-
load during game/practice/season/career, and trends for
the use of performance and injury forecasting. Principal
component analysis of sensor data will also allow for me-
chanical equivalence models to be created that extract
additional segment data that is not directly measured by
the sensors.

[0032] In another example, the mRun ACL Leggings
Pro garment807, asillustrated in Figure 6D, give athletes
in any sport the ability to reduce their risk of injury and
enhance performance. Garment 807 is a comprehensive
movement analysis platform that captures ACL injury
risk. The mRun ACL Leggings Pro garment 807 uses
motion sensors 801 and muscle activity sensors 805 to
monitor the entire lower body during any movement.
mRun ACL Leggings Pro garment 808 may be used dur-
ing any training platform to allow athletes to undergo an
ACL risk screening. In such example, garment 808 may
comprise 801 two six axis accelerometer/gyroscope
IMU’sand 805 six EMG sensors on the quadriceps, ham-
strings, and gluteus medius that interfaces wirelessly via
Bluetooth or other protocol with a mobile device 802, such
as an iOS/Android smartphone. Software applications,
either executing on the network enabled device or re-
motely accessible via a network, perform the functions
to interact with the physics engine 100 and interactive
engine 101. Such existing functions include computation
of full lower extremity kinematics and kinetics, computa-
tion of full lower extremity muscle firing activity, algorith-
mic computation of movement workload during
game/practice/season/career, and the use of perform-
ance and injury forecasting. Principal component analy-
sis of sensor data will also allow for mechanical equiva-
lence models to be created that extract additional seg-
ment data that is not directly measured by the sensors.
[0033] In another example, the SmartSocks garment
809, as illustrated in Figure 6E, can be used in any sport
to monitor feet movement, running patterns, and weight
distribution. Coupled with force sensor arrays and motion
sensors, the SmartSocks garment 810 can interface with
any of the garments disclosed herein to provide a more
comprehensive experience. In such example, garment
810 may comprise 801 a six axis accelerometer/gyro-
scope IMU that interfaces wirelessly via Bluetooth or oth-
er protocol with a mobile device 802, such as an iOS/An-
droid smartphone. Software applications, either execut-
ing on the network enabled device or remotely accessible
via a network, perform the functions to interact with the
physics engine 100 and interactive engine 101. Addition-
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al sensor technology is to include 810 cardiac sensor for
heart rate and respiration rate measurement, 811 blood
oxygenation sensor, 812 sweat and hydration sensors,
813 global positioning system sensors for on field move-
ment monitoring, and 814 force sensor arrays for weight
distribution and lower extremity kinetic computations. To-
gether, these elements will allow for in depth analysis of
player workload during practice and games, while offer-
ing performance alerts in the form of dashboards for fore-
casting performance and injury. The example 809 will
also have the capability to pair sensor data with 800 804
806 807.

[0034] In another example, the mSense device 801,
as illustrated in Figure 6F, comprises 801 motion sen-
sors, 810 cardiac heart and breathing monitors, 811 ox-
ygen sensors, 812 sweat and hydration sensors, and 813
GPS to monitor team members during gameplay, prac-
tice, and training sessions. The mSense device 801 is
designed for the competitive individual as well as for
coaches to monitor their entire team and embeds in on
to any garment and interfaces wirelessly with your phone
802 with a user interface in the form of dashboards to
monitor player workload. In such example, device 801
may comprise of a six axis accelerometer/gyroscope IMU
that interfaces wirelessly via Bluetooth or other protocol
with 802 a mobile device, such as an iOS/Android smart-
phone. Software applications, either executing on the
network enabled device or remotely accessible via a net-
work, perform the functions to interact with the physics
engine 100 and interactive engine 101.

[0035] Inanother example, the mSwing glove garment
816, as illustrated in Figure 6G, is coupled with motion
sensors 801 to monitor workload and performance of
swinging motions such as but not limited to golf swings,
baseball batting swings, softball batting swings, tennis
swings, and lacrosse swings. The mSwing glove garment
816 is worn on the dominant and/or non-dominant arm
during practices, games, or rehab sessions. Data may
be collected throughout workouts and is transmitted wire-
lessly to an iOS/Android phone or other network enabled
device. In such example, garment 816 may comprise 801
a six axis accelerometer/gyroscope IMU that interfaces
wirelessly via Bluetooth or other protocol with a mobile
device 802, such as an iOS/Android smartphone. Soft-
ware applications, either executing on the network ena-
bled device or remotely accessible via a network, perform
the functions to interact with the physics engine 100 and
interactive engine 101. Such existing functions include
computation of held object motion, kinetic solutions of
wrist reaction forces and torques, algorithmic calculation
of swinging workload during game/practice/season/ca-
reer, swing counting functions, computation of held ob-
ject speed, kinematics and temporal measures, and
trends for the use of performance and injury forecasting.
Principal component analysis of sensor data will also al-
low for mechanical equivalence models to be created
that extract additional segment data that is not directly
measured by the sensors.
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[0036] In another example, the mBand wristband gar-
ment 817, as illustrated in Figure 6H, is coupled with mo-
tion sensors 801 to monitor workload and performance
of swinging motions such as but not limited to golf swings,
baseball batting swings, softball batting swings, tennis
swings, and lacrosse swings. The mBand wristband gar-
ment 817 is worn on the dominant and/or non-dominant
arm during practices, games, or rehab sessions. Data
may be collected throughout workouts and is transmitted
wirelessly to an iOS/Android phone or other network en-
abled device. In such example, garment 817 may com-
prise 801 a six axis accelerometer/gyroscope IMU that
interfaces wirelessly via Bluetooth or other protocol with
a mobile device 802, such as an iOS/Android smart-
phone. Software applications, either executing on the
network enabled device or remotely accessible via a net-
work, perform the functions to interact with the physics
engine 100 and interactive engine 101. Such existing
functions include computation of held object motion, ki-
netic solutions of wrist reaction forces and torques, algo-
rithmic calculation of swinging workload during
game/practice/season/career, swing counting functions,
computation of held object speed, kinematics and tem-
poral measures, and trends for the use of performance
and injury forecasting. Principal component analysis of
sensor data will also allow for mechanical equivalence
models to be created that extract additional segment data
that is not directly measured by the sensors.

[0037] The previously described physics engine 100
and the processes or functions performed thereby may
be implemented with computer program code executing
under the control of an operating system and running on
one or more primary hardware platforms as described
with reference to Figure 7. Referring to Figure 7, a com-
puter system 500 comprises a central processing unit
502 (CPU), a system memory 530, including one or both
of a random access memory 532 (RAM) and a read-only
memory 534 (ROM), and a system bus 510 that couples
the system memory 530 to the CPU 502. An input/output
system containing the basic routines that help to transfer
information between elements within the computer archi-
tecture 500, such as during startup, can be stored in the
ROM 534. The computer architecture 500 may further
include a mass storage device 520 for storing an oper-
ating system 522, software, data, and various program
modules 600, associated with an application 580 which
may include functionality described herein with reference
to any of physics engine 100, hardware engine 102 or
interactive engine 100, one or any combination thereof
which are executable by a special-purpose application,
such as analytics engine 524.

[0038] The mass storage device 520 may be connect-
ed to the CPU 502 through a mass storage controller (not
illustrated) connected to the bus 510. The mass storage
device 520 and its associated computer-readable media
can provide non-volatile storage for the computer archi-
tecture 500. Although the description of computer-read-
able media contained herein refers to a mass storage
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device, such as a hard disk or CD-ROM drive, it should
be appreciated by those skilled in the art that computer-
readable media can be any available computer storage
media that can be accessed by the computer architecture
500.

[0039] By way of example, and not limitation, compu-
ter-readable media may include volatile and non-volatile,
removable and non-removable media implemented in
any method or technology for the non-transitory storage
of information such as computer-readable instructions,
data structures, program modules or other data. For ex-
ample, computer-readable media includes, butis notlim-
ited to, RAM, ROM, EPROM, EEPROM, flash memory
or other solid state memory technology, CD-ROM, digital
versatile disks (DVD), HD-DVD, BLU-RAY, or other op-
tical storage, magnetic cassettes, magnetic tape, mag-
netic disk storage or other magnetic storage devices, or
any other medium which can be used to store the desired
information and which can be accessed by the computer
architecture 500.

[0040] According to various examples, the computer
architecture 500 may operate in a networked environ-
ment using logical connections to remote physical or vir-
tual entities through a network such as the network 599.
The computer architecture 500 may connect to the net-
work 599 through a network interface unit 504 connected
to the bus 510. It will be appreciated that the network
interface unit 504 may also be utilized to connect to other
types of networks and remote computer systems. The
computer architecture 500 may also include an input/out-
put controller for receiving and processing input from a
number of other devices, including a keyboard, mouse,
or electronic stylus (not illustrated). Similarly, an in-
put/output controller may provide output to a video dis-
play 506, a printer, or other type of output device. A graph-
ics processor unit 525 may also be connected to the bus
510.

[0041] As mentioned briefly above, a number of pro-
gram modules and data files may be stored in the mass
storage device 520 and RAM 532 of the computer archi-
tecture 500, including an operating system 522 suitable
for controlling the operation of a networked desktop, lap-
top, server computer, or other computing environment.
The mass storage device 520, ROM 534, and RAM 532
may also store one or more program modules. In partic-
ular, the mass storage device 520, the ROM 534, and
the RAM 532 may store the engine 524 for execution by
the CPU 502. The engine 524 can include software com-
ponents for implementing portions of the processes de-
scribed herein. The mass storage device 520, the ROM
534, and the RAM 532 may also store other types of
program modules.

[0042] Software modules, such asthe various modules
within the engine 524 may be associated with the system
memory 530, the mass storage device 520, or otherwise.
According to examples, the analytics engine 524 may be
stored on the network 599 and executed by any computer
within the network 599. Databases 572 and 575, which
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may be used to store any of the acquired or processed
data or idealized models, and/or kinematics and kinetic
data described herein, such databases being coupled
remotely to network 599 and network interface 504.
[0043] The software modules may include software in-
structions that, when loaded into the CPU 502 and exe-
cuted, transform a general-purpose computing system
into a special-purpose computing system customized to
facilitate all, or part of, the techniques disclosed herein.
As detailed throughout this description, the program
modules may provide various tools or techniques by
which the computer architecture 500 may participate
within the overall systems or operating environments us-
ing the components, logic flows, and/or data structures
discussed herein.

[0044] The CPU 502 may be constructed from any
number of transistors or other circuit elements, which
may individually or collectively assume any number of
states. More specifically, the CPU 502 may operate as
a state machine or finite-state machine. Such a machine
may be transformed to a second machine, or specific
machine by loading executable instructions contained
within the program modules. These computer-executa-
ble instructions may transform the CPU 502 by specifying
how the CPU 502 transitions between states, thereby
transforming the transistors or other circuit elements con-
stituting the CPU 502 from a first machine to a second
machine, wherein the second machine may be specifi-
cally configured to manage the generation of indices. The
states of either machine may also be transformed by re-
ceiving input from one or more user input devices asso-
ciated with the input/output controller, the network inter-
face unit 504, other peripherals, other interfaces, or one
or more users or other actors. Either machine may also
transform states, or various physical characteristics of
various output devices such as printers, speakers, video
displays, or otherwise.

[0045] Encoding of executable computer program
code modules may also transform the physical structure
of the storage media. The specific transformation of phys-
ical structure may depend on various factors, in different
implementations of this description. Examples of such
factors may include, but are not limited to: the technology
used to implement the storage media, whether the stor-
age media are characterized as primary or secondary
storage, and the like. For example, if the storage media
are implemented as semiconductor-based memory, the
program modules may transform the physical state of the
system memory 530 when the software is encoded there-
in. For example, the software may transform the state of
transistors, capacitors, or other discrete circuit elements
constituting the system memory 530.

[0046] As another example, the storage media may be
implemented using magnetic or optical technology. In
such implementations, the program modules may trans-
form the physical state of magnetic or optical media,
when the software is encoded therein. These transfor-
mations may include altering the magnetic characteris-
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tics of particular locations within given magnetic media.
These transformations may also include altering the
physical features or characteristics of particular locations
within given optical media, to change the optical charac-
teristics of those locations.

[0047] Figure 8 illustrates conceptually a network to-
pology in which the components of the disclosed system
may be implemented. Any of the engines 100, 102 or 103
and the data processing systems 110, 113A-C, 112-118,
illustrated in the network topology of Figure 8 may be
implemented with a processing architecture similar to
that illustrated in Figure 7, including any of a desktop
computer, laptop computer, tablet computer or smart
phone/personal digital assistant device such as an
iPhone or android operating system based device. Note
that any of the systems illustrated in Figure 8 may be
interoperably connected either through a wide area net-
work (WAN) 125 or local area network (LAN) 115 or both,
or any hybrid combination thereof using known network
infrastructure and components, protocols, and/or topol-
ogies. For example, any of devices 212 - 215 may be
connected to hardware engine 102 either through a phys-
ical network physically or wirelessly, or any combination
thereof. Similarly any of devices 306 - 309 may be cou-
pled to interface engine 103 either through a physical
network or wirelessly, or any combination thereof. Simi-
larly any of engines 100, 102, 103 may be connected
either via WAN 125 or LAN 115, any portion of which
may be wireless connection between respective network
nodes, the entirety of the system being indicated as sys-
tem 110. Systems 112 - 118 may comprise additional
databases more users capable of interacting remotely
with system 110.

[0048] Thereader can appreciate that the various sys-
tems and elements and methods described herein ena-
bles delivery of near real-time feedback to motions of
human subjects and any objects in their possession and
proximity.

[0049] The various embodiments of the system and
techniques disclosed herein have been described with
reference to specific sports and/or garments related to
such activities. Any type of wearable garment which is
capable of transmitting motion data useful for analysis
may be utilized with the systems and techniques de-
scribed herein. Further, notwithstanding the network im-
plementation described, any existing or future network
or communications infrastructure technologies may be
utilized, including any combination of public and private
networks. In addition, although specific algorithmic flow
diagrams or data structures may have been illustrated,
these are for exemplary purposes only, other processes
which achieve the same functions or utilized different da-
ta structures or formats are contemplated to be within
the scope of the concepts described herein.
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Claims

1. A system for providing prescriptive feedback based
on motion of a human subject or object comprising:

A) a hardware engine comprising a plurality of
data gathering devices for collectively gathering
data about the motion of a subject or object,

B) a physics engine operatively coupled to the
hardware engine and configured for processing
the gathered motion data and correlating the
processed motion data with previously stored
biomechanical data representing idealized mo-
tion models and identifying flaws in the subject’s
or object’s motion, and

C) an interactive interface operatively coupled
to the data gathering devices and the physics
engine and configured for providing prescriptive
feedback on flaws identified in the subject’s or
object’s motion in the form of meaningful data
usable by the subject to improve performance
or reduce risk of injury.

2. The system of claim 1 wherein the interactive inter-
face is further configured for providing information
to a subject and collecting information from the sub-
ject for the purpose of enabling compliance monitor-
ing of the subject’s or object’s motion.

3. Thesystemofany preceding claim wherein the hard-
ware engine comprises at least one data gathering
device configured for gathering data about the mo-
tion of a subject or object, the data gathering device
comprising any of an optical motion capture device
to collect three-dimensional positional data from re-
flective markers placed on the subject or object, an
inertial measurement unit disposed on the subject
or object to collect three-dimensional translation and
rotation motion data or an infrared scanning device
configured to capture three-dimensional point clouds
of movement data.

4. Thesystemofany preceding claimwhereinthe phys-
ics engine is configured to perform one or more al-
gorithmic processes of the gathered motion data to
compute kinematics and kinetics of the subject or
object.

5. Thesystemofany preceding claimwherein the phys-
ics engine is configured to determine points of inter-
est on a subject or object during a particular motion
using event detection algorithms.

6. Thesystemofany preceding claimwhereinthe phys-
ics engine is configured to define a model of the sub-

ject having a plurality of segments.

7. The system of claim 6 wherein the physics engine
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is further configured to compute aninverse dynamics
model of motion of the subject using angular velocity
components of each segment, angular acceleration
components of each segment, and linear accelera-
tion components of each segment center of mass.

A method for providing prescriptive feedback based
on motion of a human subject or object comprising:

A) gathering data about the motion of a subject
or object,

B) processing the gathered motion data and cor-
relating the processed motion data with previ-
ously stored biomechanical data representing
idealized motion models and identifying flaws in
the subject’s and object’'s motion, and

C) providing prescriptive feedback on flaws
identified in the subject’s or object’s motion in
the form of meaningful data usable by the sub-
ject to improve performance or reduce risk of
injury.

The method of claim 8 further comprising:

E) providing information to a subject and collecting
information from the subject for the purpose of ena-
bling compliance monitoring of motion of the subject
or object with an interactive interface.

The method of claim 8 wherein A) gathering data
about the motion of a subject or object comprises
any of: gathering data with an optical motion capture
device to collect three-dimensional positional data
from reflective markers placed on the subject or ob-
ject, gathering data with an inertial measurement unit
disposed on the subject or object to collect three-
dimensional translation and rotation motion data, or
gathering data with an infrared scanning device con-
figured to capture three-dimensional point clouds of
movement data.

The method of claim 8 wherein B) comprises:

B1) performing one or more algorithmic processes
of the gathered motion data to compute kinematics
and kinetics of the subject or object.

The method of any one of claims 8 to 11 wherein B)
comprises:

B1) determining points of interest on a subject or
object during a particular motion using event detec-
tion algorithms.

The method of any one of claims 8 to 11 wherein B)
comprises:

B1) defining a model of the subject having a plurality
of segments.

The method of claim 13 wherein B) further compris-
es:
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1"

B2) computing an inverse dynamics model of motion
of the subject using angular velocity components of
each segment, angular acceleration components of
each segment, and linear acceleration components
of each segment center of mass.

Patentanspriiche

1.

System zum Bereitstellen eines praskriptiven Feed-
backs auf Grundlage einer Bewegung eines
menschlichen Subjekts oder eines Objekts, umfas-
send:

A) eine Hardware-Engine, die eine Vielzahl von
Datensammlungsvorrichtungen zum gemein-
samen Sammeln von Daten iber die Bewegung
eines Subjekts oder Objekts umfasst,

B) eine Physik-Engine, die mit der Hardware-
Engine wirkverbunden und zum Verarbeiten der
gesammelten Bewegungsdaten und Korrelie-
ren der verarbeiteten Bewegungsdaten mit vo-
rangehend gespeicherten biomechanischen
Daten konfiguriert ist, die idealisierte Bewe-
gungsmodelle darstellen und Fehler in der Be-
wegung des Subjekts oder Objekts identifizie-
ren, und

C) eine interaktive Schnittstelle, die mit den Da-
tensammlungsvorrichtungen und der Physik-
Engine wirkverbunden und zum Bereitstellen ei-
nes praskriptiven Feedbacks zu in der Bewe-
gung des Subjekts oder Objekts identifizierten
Fehlern in Form von aussagekraftigen Daten
konfiguriertist, die durch das Subjekt verwendet
werden kdénnen, um eine Leistung zu verbes-
sern oder ein Verletzungsrisiko zu verringern.

System nach Anspruch 1, wobei die interaktive
Schnittstelle ferner zum Bereitstellen von Informati-
onen fiir ein Subjekt und Erfassen von Informationen
von dem Subjekt fiir den Zweck des Ermdglichens
einer Compliance-Uberwachung der Bewegung des
Subjekts oder Objekts konfiguriert ist.

System nach einem der vorangehenden Anspriiche,
wobei die Hardware-Engine zumindest eine Daten-
sammlungsvorrichtung umfasst, die zum Sammeiln
von Daten Uber die Bewegung eines Subjekts oder
Objekts konfiguriert ist, wobei die Datensammlungs-
vorrichtung eine beliebige von Folgenden umfasst:
einer optischen Bewegungserfassungsvorrichtung
zum Erfassen von dreidimensionalen Positionsda-
ten von reflektierenden Markierungen, die an dem
Subjekt oder Objekt platziert sind, eine Tragheits-
messeinheit, die an dem Subjekt oder Objekt ange-
ordnet ist, um dreidimensionale Ubersetzungs- und
Rotationsbewegungsdaten zu erfassen, oder eine
Infrarotabtastvorrichtung, die zum Erfassen von
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dreidimensionalen Punktwolken von Bewegungsda-
ten konfiguriert ist.

System nach einem der vorangehenden Anspriiche,
wobei die Physik-Engine konfiguriert ist, um einen
algorithmischen Prozess oder mehrere algorithmi-
sche Prozesse der gesammelten Bewegungsdaten
durchzufiihren, um kinematische und kinetische
Werte des Subjekts oder Objekts zu berechnen.

System nach einem der vorangehenden Anspriiche,
wobei die Physik-Engine konfiguriert ist, um interes-
sierende Punkte an einem Subjekt oder Objekt wah-
rend einer bestimmten Bewegung unter Verwen-
dung von Ereigniserfassungsalgorithmen zu bestim-
men.

System nach einem der vorangehenden Anspriiche,
wobei die Physik-Engine konfiguriert ist, um ein Mo-
dell des Subjekts zu definieren, das eine Vielzahl
von Segmenten aufweist.

System nach Anspruch 6, wobei die Physik-Engine
ferner konfiguriert ist, um ein Modell inverser dyna-
mischer Bewegung des Subjekts unter Verwendung
von Winkelgeschwindigkeitskomponenten jedes
Segments, Winkelbeschleunigungskomponenten
jedes Segments und linearen Beschleunigungskom-
ponenten jedes Segmentmassenmittelpunkts zu be-
rechnen.

Verfahren zum Bereitstellen eines praskriptiven
Feedbacks auf Grundlage einer Bewegung eines
menschlichen Subjekts oder eines Objekts, umfas-
send:

A) Sammeln von Daten uber die Bewegung ei-
nes Subjekts oder Objekts,

B) Verarbeiten der gesammelten Bewegungs-
daten und Korrelieren der verarbeiteten Bewe-
gungsdaten mit vorangehend gespeicherten bi-
omechanischen Daten, die idealisierte Bewe-
gungsmodelle darstellen und Fehler in der Be-
wegung des Subjekts und Objekts identifizieren,
und

C) Bereitstellen eines praskriptiven Feedbacks
zu in der Bewegung des Subjekts oder Objekts
identifizierten Fehlernin Form von aussagekraf-
tigen Daten, die durch das Subjekt verwendet
werden kdnnen, um eine Leistung zu verbes-
sern oder ein Verletzungsrisiko zu verringern.

Verfahren nach Anspruch 8, ferner umfassend:

E) Bereitstellen von Informationen fiir ein Subjekt
und Erfassen von Informationen von dem Subjekt
fir den Zweck des Erméglichens einer Compliance-
Uberwachung der Bewegung des Subjekts oder Ob-
jekts.

10

15

20

25

30

35

40

50

55

12

10.

1.

12.

13.

14.

22

Verfahren nach Anspruch 8, wobei das A) Erfassen
von Daten Uber die Bewegung eines Subjekts oder
Objekts ein beliebiges von Folgenden umfasst: Er-
fassen von Daten mit einer optischen Bewegungs-
erfassungsvorrichtung, um dreidimensionale Positi-
onsdaten von reflektierenden Markierungen zu er-
fassen, die an dem Subjekt oder Objekt platziert
sind, Erfassen von Daten mit einer Tragheitsmess-
einheit, die an dem Subjekt oder Objekt angeordnet
ist, um dreidimensionale Ubersetzungs- und Rotati-
onsbewegungsdaten zu erfassen, oder Sammeln
von Daten mit einer Infrarotabtastvorrichtung, die
zum Erfassen von dreidimensionalen Punktwolken
von Bewegungsdaten konfiguriert ist.

Verfahren nach Anspruch 8, wobei B) Folgendes
umfasst:

B1) Durchfiihren von einem oder mehreren algorith-
mischen Prozessen der gesammelten Bewegungs-
daten, um kinematische und kinetische Werte des
Subjekts oder Objekts zu berechnen.

Verfahren nach einem der Anspriiche 8 bis 11, wobei
B) Folgendes umfasst:

B1) Bestimmen von interessierenden Punkten an ei-
nem Subjekt oder Objekt wahrend einer bestimmten
Bewegung unter Verwendung von Ereigniserfas-
sungsalgorithmen.

Verfahren nach einem der Anspriiche 8, bis 11 wobei
B) Folgendes umfasst:

B1) Definieren eines Modells des Subjekts, das eine
Vielzahl von Segmenten aufweist.

Verfahren nach Anspruch 13, wobei B) ferner Fol-
gendes umfasst:

B2) Berechnen eines Modells inverser dynamischer
Bewegung des Subjekts unter Verwendung von
Winkelgeschwindigkeitskomponenten jedes Seg-
ments, Winkelbeschleunigungskomponenten jedes
Segments und linearen Beschleunigungskompo-
nenten jedes Segmentmassenmittelpunkts.

Revendications

1.

Systéme pour fournir une rétroaction normative ba-
sée sur le mouvement d’un sujet humain ou d’un
objet comprenant :

A) un moteur matériel comprenant une pluralité
de dispositifs de collecte de données pour col-
lecter collectivement des données sur le mou-
vement d’un sujet ou d’'un objet,

B) un moteur physique couplé de maniére opé-
rationnelle au moteur matériel et configuré pour
traiter les données de mouvement collectées et
corréler les données de mouvement traitées
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avec des données biomécaniques précédem-
ment stockées représentant des modeles de
mouvement idéalisés et identifiant les défauts
dans le mouvement du sujet ou de I'objet, et

C) une interface interactive couplée de maniere
opérationnelle aux dispositifs de collecte de
données et au moteur physique et configurée
pour fournir une rétroaction normative sur les
défauts identifiés dans le mouvement du sujet
ou de I'objet sous la forme de données signifi-
catives utilisables par le sujet pour améliorer les
performances ou réduire le risque de blessure.

Systeme selon la revendication 1, dans lequel I'in-
terface interactive est en outre configurée pour four-
nir des informations a un sujet et collecter des infor-
mations sur le sujet dans le but de permettre la sur-
veillance de la conformité du mouvement du sujet
ou de I'objet.

Systeme selon une quelconque revendication pré-
cédente, dans lequel le moteur matériel comprend
au moins un dispositif de collecte de données con-
figuré pour collecter des données sur le mouvement
d’'un sujet ou d'un objet, le dispositif de collecte de
données comprenant I'un quelconque d’un dispositif
de capture de mouvementoptique pour collecter des
données de position tridimensionnelles a partir de
marqueurs réfléchissants placés sur le sujet ou I'ob-
jet, une unité de mesure inertielle disposée sur le
sujet ou 'objet pour collecter des données de mou-
vement de translation et de rotation tridimensionnel-
les ou un dispositif de balayage infrarouge configuré
pour capturer des nuages de points tridimensionnels
de données de mouvement.

Systeme selon une quelconque revendication pré-
cédente, dans lequel le moteur physique est confi-
guré pour mettre en ceuvre un ou plusieurs proces-
sus algorithmiques des données de mouvement col-
lectées afin de calculer la cinématique et la cinétique
du sujet ou de l'objet.

Systeme selon une quelconque revendication pré-
cédente, dans lequel le moteur physique est confi-
guré pour déterminer des points d’intérét sur un sujet
ou un objet pendant un mouvement particulier en
utilisant des algorithmes de détection d’événements.

Systeme selon une quelconque revendication pré-
cédente, dans lequel le moteur physique est confi-
guré pour définir un modéle du sujet ayant une plu-
ralité de segments.

Systeme selon la revendication 6, dans lequelle mo-
teur physique est en outre configuré pour calculer
un modele de dynamique inverse du mouvement du
sujet en utilisant des composantes de vitesse angu-
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laire de chaque segment, des composantes d’accé-
Iération angulaire de chaque segment et des com-
posantes d’accélération linéaire du centre de masse
de chaque segment.

Procédé pour fournir une rétroaction normative ba-
sée sur le mouvement d’'un sujet humain ou d’un
objet, comprenant :

A) la collecte de données sur le mouvementd’un
sujet ou d’'un objet,

B)letraitementdes données de mouvement col-
lectées et la corrélation des données de mou-
vement traitées avec des données biomécani-
ques précédemment stockées représentant des
modeles de mouvement idéalisés et identifiant
les défauts dans le mouvement du sujet et de
I'objet, et

C) la fourniture d’'une rétroaction normative sur
les défauts identifiés dans le mouvement du su-
jet ou de I'objet sous la forme de données signi-
ficatives utilisables par le sujet pour améliorer
les performances ou réduire le risque de bles-
sure.

Procédé selon la revendication 8, comprenant en
outre :

E) lafourniture d’informations a un sujet etla collecte
d’informations sur le sujet dans le but de permettre
la surveillance de la conformité du mouvement du
sujet ou de I'objet avec une interface interactive.

Procédé selon la revendication 8, dans lequel A) la
collecte de données sur le mouvement d’un sujet ou
d’'un objet comprend I'une quelconque des étapes
parmi : la collecte de données avec un dispositif de
capture de mouvement optique pour collecter des
données de position tridimensionnelles a partir de
marqueurs réfléchissants placés sur le sujet ou I'ob-
jet, la collecte de données avec une unité de mesure
inertielle disposée sur le sujet ou I'objet pour collec-
ter des données de mouvement de translation et de
rotation tridimensionnelles ou la collecte de données
avec un dispositif de balayage infrarouge configuré
pour capturer des nuages de points tridimensionnels
de données de mouvement.

Procédé selon la revendication 8, dans lequel B)
comprend :

B1) la mise en ceuvre d’'un ou de plusieurs processus
algorithmiques des données de mouvement collec-
tées pour calculer la cinématique et la cinétique du
sujet ou de I'objet.

Procédé selon 'une quelconque des revendications
8 a 11, dans lequel B) comprend :

B1) la détermination de points d’intérét sur un sujet
ou un objet pendant un mouvement particulier en
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utilisant des algorithmes de détection d’événements.

Procédé selon I'une quelconque des revendications
8 a 11, dans lequel B) comprend :

B1) la définition d’'un modéle du sujet ayant une plu-
ralité de segments.

Procédé selon la revendication 13, dans lequel B)
comprend en outre :

B2) le calcul d’'un modéle de dynamique inverse du
mouvement du sujet en utilisant des composantes
de vitesse angulaire de chaque segment, des com-
posantes d’accélération angulaire de chaque seg-
ment et des composantes d’accélération linéaire du
centre de masse de chaque segment.
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