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(57) Abstract: An automatic body movement recognition and association
system that includes a preprocessing component and a "live testing" engine
component. The system further includes a transition posture detector mod-
ule and a recording module. The system uses three dimensional (3D) skele-
tal joint information from a stand-alone depth-sensing capture device that
detects the body movements of a user. The transition posture detector mod-
ule detects the occurrence of a transition posture and the recording module
stores a segment of body movement data between occurrences of the tran-
sition posture. The preprocessing component processes the segments into
a preprocessed movement that is used by a classifier component in the en-
gine component to produce text or speech associated with the preprocessed
movement. An "off-line" training system that includes a preprocessing com-
ponent, a training data set, and a learning system also processes 3D infor-
mation, off-line from the training data set or from the depth-sensing camera,
to continually update the training data set and improve a learning system
that sends updated information to the classifier component in the engine
component when the updated information is shown to improve accuracy.
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AUTOMATIC BODY MOVEMENT RECOGNITION AND ASSOCIATION SYSTEM

CROSS-REFERENCE TO RELATED APPLICATION(S)
[0001] This application claims priority to U.S. Provisional Application No. 62/345,776, filed
June 4, 2016, and claims priority to U.S. Non-provisional Application No. 15/613,201, filed June
3, 2017, to the extent allowed by law and the contents of which are incorporated herein by

reference in their entireties.

TECHNICAL FIELD
[0002] This disclosure relates to an automatic body movement recognition and association

system.

BACKGROUND
[0003] The recognition of human body movement is used in a wide variety of fields and
applications. Body movement is used, for example, in motion gaming systems to play games and
sports, in psychology to interpret a person’s emotions through their body language, in medicine
to diagnose certain ailments or conditions, and in sign language to communicate with a hearing
impaired person. Each body movement or combination of body movements has a meaning in
each respective application, such as the specific video game, psychological condition, medical
condition, and/or sign language. Interpreting these body movements, however, requires
knowledge in the field, such as a trained psychologist, a trained medical professional, or a trained
sign language interpreter. The automatic body movement recognition and association system,
using three dimensional skeleton data from a stand-alone depth-sensing image capture device,
provides more accurate body movement recognition and the ability to capture body movements
in real-time and automatically associate those body movements with a meaning, such as a video
game move, an emotion, a medical condition, or other written or spoken words or phrases,
thereby allowing a person without any prior training or knowledge to understand the body

movements as they are being captured.
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SUMMARY
[0004] This disclosure relates generally to an automatic body movement recognition system.
The teachings herein can provide a system that automatically translates sign language into
written or spoken words. One implementation of method for associating a meaning to a sequence
of body motions of a user includes receiving at least one database; receiving the sequence of
body motions from a depth-sensing capture device, wherein the sequence of body motions
comprises a set of three dimensional coordinates of a plurality of points of a skeleton of the user;
identifying, using a detection module, at least two occurrences of a predetermined position in the
sequence of body motions; identifying, using a recording module, a segment of body motions
based on the sequence of body motions between the two occurrences of the predetermined
position, wherein the segment of body motions comprises a subset of three dimensional
coordinates from the set of three dimensional coordinates; processing, using a preprocessing
component, the segment of body motions into at least one preprocessed movement; and
identifying, using a classifier component, a set of words based on the at least one preprocessed
movement.
[0005] One implementation of a method for building an isolated body movement recognizer
includes identifying at least one learning database comprising a plurality of training data;
preprocessing, using a preprocessing component, the training data into preprocessed training
data; training the classifier based on the preprocessed training data; testing a stability of the
classifier; testing an accuracy of the classifier; generating a full testing report based on the
stability and the accuracy of the classifier; and storing the classifier to a plurality of classifiers.
[0006] One implementation of a system for motion recognition of a sequence of body
motions of a user that includes a detection module adapted to identify at least two occurrences of
a predetermined position in the sequence of body motions based on three dimensional data
received from a depth-sensing capture device; a recording module adapted store a segment of
body motions comprising a set of three dimensional coordinates, based on the three dimensional
data, received between the two occurrences; a preprocessing component adapted to process the
segment of body motions into a preprocessed movement; and a classifier component adapted to

identify a decoded statement based on the preprocessed movement.
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[0007] Variations in these and other aspects of the disclosure will be described in additional

detail hereafter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] The description herein makes reference to the accompanying drawings wherein like
reference numerals refer to like parts throughout the several views, and wherein:
[0009] FIG. 1A illustrates a field implementation of an exemplary automatic body movement
recognition and association system in accordance with implementations of this disclosure,
showing a “live testing” engine component, and a field implementation of an exemplary “off-
line” training system,;
[0010] FIG. 1B illustrates a field implementation of the “live testing” engine component of
the automatic body movement recognition and association system in accordance with
implementations of this disclosure;
[0011] FIG. 2 illustrates a flow diagram of a process for recognizing body movement and
associating the body movement with a meaning in accordance with an implementation of this
disclosure;
[0012] FIG. 3 illustrates a flow diagram for building an isolated body movement recognizer
in the training component of the automatic body movement recognition and association system
in accordance with an exemplary implementation of this disclosure;
[0013] FIG. 4A illustrates an exemplary transition posture to be detected by the automatic
body movement recognition and association system in accordance with implementations of this
disclosure;
[0014] FIG. 4B illustrates an exemplary body movement motion to be detected by the
automatic body movement recognition and association system in accordance with
implementations of this disclosure;
[0015] FIG. 4C illustrates an exemplary transition posture to be detected by the automatic
body movement recognition and association system in accordance with implementations of this
disclosure;
[0016] FIG. 5 illustrates an abstract block diagram of an preprocessing component used by
the automatic body movement recognition association system and the “off-line” training system

in accordance with implementations of this disclosure;
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[0017] FIG. 6 illustrates an exemplary left-right Hidden Markov Model utilized in the
exemplary automatic body movement recognition and association system in accordance with
implementations of this disclosure;

[0018] FIG. 7 illustrates a flow diagram of an exemplary process for recognizing body
movement and associating the body movement with a meaning in accordance with an
implementation of this disclosure;

[0019] FIG. 8 illustrates a flow diagram of an exemplary process for preprocessing body
movement data in accordance with an exemplary implementation of this disclosure;

[0020] FIG. 9 illustrates a flow diagram of an exemplary process for preprocessing body
movement data in accordance with an exemplary implementation of this disclosure;

[0021] FIG. 10 illustrates a flow diagram of an exemplary process for building an isolated
body movement recorder in the training component of the automatic body movement recognition
and association system in accordance with an exemplary implementation of this disclosure;
[0022] FIG. 11 illustrates a flow diagram of an exemplary database tool process in the
training component of the automatic body movement recognition and association system in
accordance with an exemplary implementation of this disclosure;

[0023] FIG. 12 illustrates a flow diagram of an exemplary process for building an isolated
body movement recognizer in the training component of the automatic body movement
recognition and association system in accordance with an exemplary implementation of this
disclosure;

[0024] FIG. 13 illustrates a flow diagram of an exemplary feature extraction process for
preprocessing body movement data in accordance with an exemplary implementation of this
disclosure; and

[0025] FIG. 14 illustrates a single three-dimensional tetrahedron and a tetrahedron direction
arrow based on four different skeleton joints in accordance with an exemplary implementation of

this disclosure.

DETAILED DESCRIPTION
[0026] An automatic body movement recognition and association system described herein
provides real-time, or near real-time, body movement recognition and associates the body

movements, or combination of body movements, into any number of meanings represented by
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the system in written or spoken words. The automatic body movement recognition and
association system comprises a “live testing” component to produce text or speech associated
with the movement and an “off-line training” component that continually updates a training data
set to improve a learning system that is used in the “live testing” component. The automatic body
movement recognition and association system uses three dimensional skeletal data read from a
stand-alone a depth-sensing image capture device or depth-sensing camera to capture a person’s
body movements and then associates the body movements with any number of meanings, such as
medical symptoms and/or conditions, sign language interpretation, psychological conditions, and
human emotions for use in medical environments, military environments, school environments,
etc., depending on the field of use.

[0027] The automatic body movement recognition and association system of the present
disclosure has the ability to recognize full body movement on different bodies and unify the full
body movement across different customized movement dictionaries, while keeping all the
processing in real time, maintaining high accuracy across a huge number of movement classes,
and maintaining high accuracy with a very low number of samples per each movement class,
such samples as low as ten samples per class.

[0028] In an exemplary implementation, the automatic body movement recognition and
association system is used for translating sign language into written and spoken words in
user/signer dependent and user/signer independent settings. The automatic body movement
recognition and association system in this implementation uses three dimensional skeletal data
read from the stand-alone depth-sensing camera to capture sign language and then recognize the
signs, associate the sign or combination of signs with a meaning, and produce written or spoken
words associated with the sign or combination of signs.

[0029] Sign language is used by hearing impaired people around the world. Hearing
impaired children learn sign language as their first language from their environment in much the
same manner as hearing children learn spoken language from their family and others. Currently,
there is no standard sign language that is used throughout the world. Sign language differs from
one country to another, forming many different sign languages such as American Sign Language,
British Sign Language, and a wide range of Arabic Sign Languages. In the Arab world alone,
there are several Arabic sign languages including Egyptian, Kuwaiti, and Jordanian sign

languages. Standardized Arabic sign language does exist but is still not widely used. Further, the
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number of hearing people who are able to communicate in sign language is low when compared
to the millions of hearing impaired people that need to communicate and interact with others in
their day to day life activities. There exists a growing need to remove linguistics barriers facing
hearing impaired people in their daily life.

[0030] Building a system that is able to automatically translate sign language into written
and spoken words can help in removing the linguistic barriers facing the deaf community,
especially in case of emergencies and in normal daily life situations. The automatic body
movement recognition and association system of the present disclosure can be implemented as a
sign language translator system to automatically translate sign language into written and spoken
words, thereby providing a system that aids in removing the linguistic barriers facing the deaf
community, especially in case of emergencies and in normal daily life situations.

[0031] Signs in a sign language contain not only manual features, i.e., hand motion and
shapes, but also non-manual features such as facial expressions. Like spoken languages, sign
languages have thousands of signs which differ from each other by changes in hand motion, hand
shapes, hand position, movement of the head, limbs, and torso, and the relative positions of the
rest of the body movements with the hands. The automatic body movement recognition and
association system utilizes the relation between the sign language and the system to perform the
body movement recognition. Most sign language recognition systems are vision based. The
automatic body movement recognition and association system of the present disclosure uses
depth image cameras to acquire user depth data, such as the three dimensional locations of both
manual, such as the user’s hands and the user’s hand shape, and non-manual features, such as
head, limb, and torso movement, to automatically analyze and recognize the human skeleton
detection data and to overcome the many challenges facing normal two dimensional color
camera based translators.

[0032] Continuous body movement recognition can be achieved based on the assumption
that body movements can be broken down into a subset of several smaller units called phonemes
or chremes, which can then be segmented based on the change in the movement’s direction or
hand location relative to the camera and relative to the position of the rest of the body, taking
into consideration noisy data, whether the body part is moving in one direction, and whether
there are location points that are misleading due to error. In sign language, however, the

transition between signs is not clearly marked because the signer’s hands will be moving to the
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starting position of the next sign, which makes segmenting the signs by detecting the starting
point and the ending point problematic. These movement epenthesis’, which occur most
commonly during the boundary between signs as the hands move from the posture required by
the first sign to the posture required by the next, can be used to segment the signs or group of
signs when detected in the three dimensional data read from the depth camera. After the
movements have been broken down into segments, the phonemes are processed using isolated
sign language recognition.

[0033] FIG. 1A is a block diagram of a field implementation of an automatic body
movement recognition and association system 100 in accordance with implementations of this
disclosure. The system 100 comprises a “live testing” engine component 106 that includes a
preprocessing component 104 and a classifier component 112. The system 100 utilizes three
dimensional (3D) skeletal data read from a stand-alone depth-sensing camera 102 that captures
the 3D coordinates of skeletal joints in a sequence of frames. The system 100 processes the 3D
data into a series of segmented movements 110 (FIG. 1B) that are then used by the classifier
component 112 to produce text or speech.

[0034] FIG. 1B is a block diagram of a field implementation of the engine component 106 of
the automatic body movement recognition and association system 100 in accordance with
implementations of this disclosure. The engine component 106 produces text or speech based on
the segmented movements 110 processed by the preprocessing component 104 using the
classifier component 112. The system 100 uses 3D body movement data read from the depth-
sensing camera 102 from a user and then the preprocessing component 104 processes the 3D
data based on a go-stop scheme to recognize segments of body movement. The go-stop scheme
requires the user to add a transition posture or pose, such as putting his/her hands down, between
each body movement in a body movement sequence. The transition posture detector module 118
processes the 3D data read from the depth-sensing camera 102 to detect the presence of the
transition posture. The detection of the transition posture separates body movements in the body
movement sequence and the movement recording module 120 stores the sequence of movements
as segmented movements 110. The movement recording module 120 can be read only memory
(ROM), random access memory (RAM) or any other suitable memory device. The preprocessor
104 processes the segmented movements 110 between the transition postures, described as an

abstract below with reference to FIG. 5 and described in detail in FIGS. 8, 9, and 13, and
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provides the preprocessed movements 122, based on the segmented movements 110, to the
classifier module 112 that associates the preprocessed movements 122, using a body movement
recognition system algorithm, such as a Hidden Markov Model (HMM) in this exemplary
implementation, to produce a decoded statement 124 as text or speech. Other body movement
recognition system algorithms can be used instead of the Hidden Markov Model.

[0035] An “off-line” training system 108, shown in FIG. 1A, works independently from the
system 100 to continually build a training data set 114 and improve a learning system 116 that
can be used by the classifier component 112 in the engine component 106. The training system
108 comprises its own preprocessing component 104 that processes 3D data, the transition
position detector 118, the body movement recording module 120. The preprocessing component
104 processes data from the training data set 114 and/or processes 3D data that is read from the
depth-sensing camera 102, as described below in relation to the engine component 106. The
preprocessing component 104 continues to run “off-line” without any further interaction with the
depth-sensing camera 102 when it is not receiving data from the depth-sensing camera 102. The
training data set 114 includes a plurality of body movements, gestures, or signs that are stored in
the training system 108. The training system 108 will continually test the body movement
samples in the training data set 114 to determine if recognition and association accuracy can be
improved. The training system 108 can also add additional body movements received as
preprocessed movements from the preprocessing component 104 to the training data set 114. The
training data set 114 is analyzed in the learning system 116 to determine whether the additional
data in the training data set 114 improves accuracy. When the training data set 114 is determined
to improve accuracy, the learning system 116 sends movement models, learning configurations,
and learnings models to the classifier component 112 to improve the accuracy of the system 100.
[0036] FIG. 2 is a flow diagram showing a process 200 for recognizing body movement and
associating the body movement with a meaning in accordance with an implementation of this
disclosure. The depth-sensing camera 102 captures data streams as a sequence of frames that
include color frame and depth frame from which a skeleton stream is estimated. The skeleton
stream contains 3D data about the main 20 human skeleton joints or points which comprise 3D
coordinates of the location of each joint relative to the depth-sensing camera’s 102 three main

axes. The system 100 tracks the nearest human in front of the depth-sensing camera 102 that is at
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least one meter away from the depth-sensing camera 102 and reads the skeleton data 202
captured by the depth-sensing sensor camera 102.

[0037] The transition posture detector module 118 processes the 3D data, recognizing the
different skeletal points and their relation to one another, to detect the presence of the transition
posture 204, relying on measuring the speed and positions of the skeletal joints or points, and
recognizing the different skeletal points and their positions relative to other skeletal points and
positions in the 3D space. The transition posture detector module 118 analyzes the 3D data to
determine if the 3D data contains the 3D coordinates of the skeletal points associated with the
specific transition posture. The scheme used by the transition posture detector module 118 to
determine the specific transition posture to be detected, indicating that the system receive data
for processing, is configurable and depends on the intended application where the system will be
utilized, whether it be a medical application, military application, psychology, sign language, or
other application that needs to detect specific body movements. According to the application, the
transition posture detector module 118 is programmed with the proper 3D coordinates of the
skeletal points of interest of the desired transition posture and those 3D coordinates are used to
compare to the 3D data.

[0038] Detecting the transition posture can be explained further using an example scheme for
an exemplary sign language application. For explanation purposes, the exemplary sign language
implementation of the system 100 calculates Rx, Ry, Rz, Lx, Ly, and Lz values based on the 3D
skeleton joints data, where Rx is the horizontal difference between the user’s right hand joint and
hip center joint (RHx-HCx), Ry is the vertical difference between the user’s right hand joint and
hit center joint (RHy-HCy), Rz is the depth difference between the user’s right hand joint and hip
center joint (RHz-HCz), Lx is the horizontal difference between the user’s left hand joint and hip
center joint (LHx-HCx), Ly is the vertical difference between the user’s left hand joint and hip
center joint (LHy-HCy), and Lz is the depth difference between the user’s left hand joint and hip
center joint (LHz-HCz). When Rx and Lx are within a predetermined range, the user is
determined to be in the default position, signifying the transition posture. When Rx and Lx are
not within the predetermined range, the user is determined to be performing a sign.

[0039] The transition posture detector module 118 sends a start signal to the recording
module 120 to begin recording 206 when movement commences from the transition posture, as

shown in the transition from the go-stop posture in FIG. 4A to the body movement in FIG. 4B.
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The transition posture detector module 118 sends a stop signal to the recording module 120 to
stop recording 208 when the user’s hands have returned to the transition posture, as shown in the
transition from the body movement in FIG. 4B to the transition posture in FIG. 4C, for a
predetermined amount of time or for a predetermined amount of frames in order to account for
noise. In this exemplary implementation, the transition posture must be validated, or present, for
at least 90 msecs or at least three subsequent frames, otherwise the transition posture detector
module 118 considers the position as a noisy measurement. The recorded segmented movement
110 comprises the raw skeleton data read from the depth-sensing camera 102 between transition
postures.

[0040] Referring to FIG. 5, which is an abstract representation of the preprocessing
component and which is shown in detail in FIG. 9, the preprocessing component 104 processes
the segmented movement 110 in three consecutive steps that include relative positioning/feature
extraction and low pass filtering to ensure distance invariance and to remove noise fluctuations
210. In this exemplary implementation, the preprocessing component 104 receives the
segmented movement 110/502 and applies a low-pass filter 510, providing trajectory smoothing,
on the samples to smooth the value of the samples. The preprocessing component 104 then
identifies the isolated movement segmentation 504 from the smoothed segmented movement
110/502. The preprocessing component 104 processes the isolated movement segmentation 504
using feature extraction 506. The isolated movement segmentation 504 includes the positions, or
locations, of the user’s skeletal points relative to the depth-sensing camera 102 as a set of 3D
coordinates. The locations of the user’s skeletal points depend on the location in which the user
is standing in front of the camera 102.

[0041] After feature extraction 506, the preprocessing component 104 send the preprocessed
sequence 122/512 to the classifier component 112 which then processes the preprocessed
sequence 122 to identify the decoded statement 124 associated with the preprocessed sequence
212, such as the written or spoken word meaning of the sign or signs performed by the user. In
this exemplary implementation, the classifier component 112 utilizes HMM for sign language
recognition. In alternate embodiments, the classifier component 112 can use other vision based
sign language recognition systems, such as Parallel HMM, Context-Dependent HMM, and
Product-HMM.

[0042] FIG. 3 is a flow diagram showing a process 300 for building an isolated body

10
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movement recognizer in the “off-line” training system 108 that can be used with the automatic
body movement recognition and association system in accordance with an exemplary
implementation of this disclosure. A classifier component 112 can be built for a wide variety of
body movements that are to be associated with words or meaning. For example, the body
movements can be associated with the written or spoken words associated with the sign language
movement captured by the depth camera 102. In this exemplary sign language implementation,
the classifier component 112 uses a left-right HMM with no skip transitions, as shown in FIG. 6,
to build an isolated sign language recognizer. The first step is to determine the number of hidden
states. In this exemplary implementation, the system 100 works with eight hidden states
empirically and uses continuous Gaussian emission probability distribution (Gaussian), in which
each hidden state is a multivariate Gaussian with means and covariances that can be specified
with the Baum-welch learning algorithm, to govern the observation sequence generation. The
system 100 trains a single HMM per sign using the Baum-welch learning algorithm in the
library. The system 100 utilizes a relatively large number of training samples, such as 30 samples
per sign in this exemplary implementation, and uses Gaussian with a full covariance matrix for
the six features in the FV. After all HMMs have been trained, a new sample can be easily
recognized by determining the start point and end points, segmenting the sign to be classified,
identifying the FV, providing the FV to all HMMs, determining the probabilities P(FV) for each
FV for all HMMs, and identifying the sign comprising the highest probability.

[0043] For explanation purposes, for example, a set of N signs to be recognized, a
training set of M samples for each sign, and an independent test set are provided. In order to
build the HMM classifier, an HMM for each sign in the vocabulary is built. The system 100
estimates the optimal parameters 302 based on the feature vector extracted from the
preprocessing steps as observations from the set of M samples for each sign and creates a sign
model A; 304 for the ith vocabulary sign, from 1<i<N, using Baum-Welch training algorithm for
parameter estimation and model creation. For each sample in the test set, described by the
observation sequence built from preprocessed movement feature vectors O = Oy, O,, ..., Or and
for each sign model Ai, compute the observation probability 306 given each sign model P; = (O|
Ai) using the forward-backward algorithm. Identify the sign having the maximum model
probability 308, i.e., 1* = argmax[P;] 1<i<N.

[0044] In an alternate embodiment, the system 100 can comprise two different classifier

11
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components, a classifier component 112 for one-handed signs and another classifier component
126 (not shown) for two-handed signs, thereby allowing the system 100 to switch between
classifier component 112 and classifier component 126 based on an algorithm that classifies the
body movement as either a one-handed movement or a two-handed movement to automate
switching.

[0045] An exemplary implementation of the “live testing” engine component 106 and the
“off-line” training system 108 are shown in FIGS. 7-12. FIG. 7 is a flow diagram showing an
exemplary process 700 for recognizing body movement and associating the body movement with
a meaning in accordance with an implementation of this disclosure. The process 700 begins by
displaying a main window 702 proceeds to load databases 704 using at least one of usable
databases, classifiers, and/or preprocessing configurations 706. The classifier 112 is set 708
based on at least one of the usable databases, classifiers, and/or preprocessing configurations
706. The body movement signs are assigned names 710 based on the information received when
the databases are loaded 704 and based on at least one of the usable databases, classifiers, and/or
preprocessing configurations 706. Once the databases are loaded 704, the depth-sensing camera
102 is opened 712 to receive body movement data. Step 714 identifies if data is received from
the depth-sensing camera 102. If data is not received, process 700 loops back to step 714 to
identify if data is received from the depth-sensing camera 102. When data is received in step
714, the data is sent to movement recording module 120 where the data is received as an isolated
statement 716. The isolated statement is sent to the pose estimator 118 718. The pose estimator
118 identifies when the isolated statement contains the go-stop scheme 720. If the go-stop
scheme is not detected in step 720, process 700 loops back to step 714 to identify if data is
received from the depth-sensing camera 102. When the go-stop scheme is detected in step 720,
the isolated statement is sent to step 722 that determines whether the isolated statement is long
enough in length, duration, and/or frames 722. If the isolated statement is not long enough in step
722, process 700 loops back to step 714 to identify if data is received from the depth-sensing
camera 102. When the isolated statement is long enough, the isolated statement and the names
assigned to the body movement signs at step 710 are sent to step 724 that identifies isolated
signs. The isolated signs are sent to engine 106 where the preprocessing component 104
processes the isolated signs into preprocessed movements 122. The preprocessed movements 122

are then sent to the classifier 112 that was set in step 708 to identify a word or set of words
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associated with the preprocessed movements 122. The system 100 shows the words, set of
words, and/or translation 728 and then loops back to step 714.

[0046] FIGS. 8 and 9 are flow diagrams showing exemplary processes 800 and 900 for
preprocessing body movement data in accordance with an implementation of this disclosure.
FIG. 8 is a flow diagram showing an exemplary process 800 for preprocessing data into
movement with a unified skeleton. Process 800 removes variables, such as how far away a
person is standing from the depth-sensing camera 102 and how a person is standing, whether the
person is standing with their left side facing the depth-sensing camera 102, whether the person is
standing with their right side facing the depth-sensing camera 102, and whether the person is
standing facing the depth-sensing camera 102, thereby increasing the accuracy of the system 100
regardless of the orientation of the user by ensuring that the data all has the same orientation.
Process 800 allows the system 100 to unify the movement over different skeleton and different
positions to keep the accuracy at the same level with different positions and bodies for the user
who performs the movement.

[0047] Process 800 begins by receiving an intended movement from a sequence of body
motions 802 and rotating the skeleton data to face the depth-sensing camera 102 and be straight
with the depth-sensing camera 102 804. Process 800 determines a dynamic skeleton scaling
while keeping the same orientation of the intended movement 806 and repositions the skeleton to
a constant position 808. Process 800 determines a dynamic unification to bones lengths while
keeping the same orientation of the intended movement 810 to produce a movement with a
unified skeleton 812. Process 800 is continually performed as new movement data is received.
[0048] FIG. 9 is a flow diagram showing an exemplary process 900 for preprocessing
data into a preprocessed movement. Process 900 can be used to generate the preprocessed
movement 122 used in the “live testing” engine component 106 and the “off-line” training
system 108. Process 900 provides a plurality of samples from a single sample, thereby increasing
the accuracy and stability of the classifier 112, by repeating the preprocessing process at the
training time of the classifier with the distortion mode on. Enabling the distortion mode allows
the classifier to understand different variations of a certain movement. The distortion mode must
be turned off in preprocessing when translating movements in the “live testing” engine
component 106.

[0049] Process 900 begins by receiving sequence of movements 902 and setting
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“baseline joints movement” constant across all frames of the sequence 904. Process 900
performs movement smoothing without effecting the magnitude of the movement 906 and sets
the movement time constant without effecting the magnitude of the movement 908. The
magnitude of the movement includes all motion that occurs within the sequence that is being
preprocessed. The intended movement is segmented from the sequence 910. Step 912 identifies
whether the distortion mode is on or off. If the distortion mode is on, process 900 generates
different variations of the skeleton while keeping the same characteristics of the movement 914,
thereby generating more samples for the movement for various skeletons having various physical
characteristics. If the distortion mode is off, or after different variations of the skeleton have been
generated in step 914, the intended movement from the sequence 916 is processed to unify the
skeleton 800, as shown in process 800 of FIG. 8. Process 900 then identifies the movement with
the unified skeleton 920. Step 922 identifies whether the distortion mode is on or off. If the
distortion mode is on, process 900 generates different variations of the movement with slightly
different characteristics 924, thereby allowing some tolerance in case a movement is not
performed exactly how it should be, such as where the hands are placed too high and/or too far
away from the body. If the distortion mode is off, or after different variations of the movement
have been generated in step 924, the movement is decoupled between the skeleton’s joints 926,
separating data between joints and distinguishing between joint movement and body part
movement, producing a movement after decoupling 928. The decoupled movement 928 is then
processed using feature extraction 930, explained in greater detail in FIG. 13, which produces a
movement represented in a feature matrix 932. The feature matrix is collapsed into a single
feature vector 934 where the feature matrix comprises a single feature vector 936. By providing a
data point for each joint for each movement, collapsing the sequence of data points into one
point on a feature space, and collapsing the sequence into a matrix having one row, makes the
system 100 more accurate, reduces the training time of the system 100, and prevents
performance reduction and speed reduction of the system 100. The single feature vector is then
sent to a normalizer 938 that performs data steps to make features independent from each other
and produces the preprocessed movement 122.

[0050] FIGS. 10-12 are flow diagrams showing processes 1000, 1100, and 1200 for
building an isolated body movement recorder, database tool process, and in the “off-line”

training system 108 that can be used with the automatic body movement recognition and

14



WO 2017/210667 PCT/US2017/035866

association system in accordance with an exemplary implementation of this disclosure. FIG. 10
is a flow diagram showing an exemplary process 1000 for determining at least one raw
movement database. There are a plurality of movement classes, where each class comprises at
least one movement. Process 1000 begins by identifying the number of movements and the
meanings for those movements 1002 and then starts the recording 1004. The movements are cut
and edited if needed 1006, such as when the user makes a wrong move while performing a
specific body movement and/or sign. The meanings for the movements, whether cut and edited
or not, are then stored in at least one raw movement database 1008. Process 1000 is adapted to
generate at least one raw movement data base.

[0051] FIG. 11 is a flow diagram showing an exemplary process 1100 for determining at
least one usable database. Process 1100 begins by loading at least one of raw databases and/or
usable databases 1102 by choosing the file 1104 from at least one raw movement database 1106,
at least one learning usable database 1108, and at least one testing usable database 1110. Usable
databases are those that can be sent to the preprocessing system 104 and the classifier 112. Step
1112 identifies whether the data received in step 1102 is raw data. If the data is raw, process
1100 extracts all samples within each movement class 1114, wherein each movement class may
include a plurality of samples. If the data is not raw, or after all samples within each movement
class are extracted in step 1114, step 1116 determines whether to merge the new movement
database with the currently loaded database to form a single database. If the new movement
database is merged, the process 1100 loops back to step 1102. If the new movement database is
not merged, process 1100 chooses the learning testing data ratio and/or saves the usable database
1118. Process 1100 the saves the usable database of all movements and/or selected movements
1120 and then identifies at least one of at least one learning usable database and at least one
testing usable database 1122, which can then be sent to the preprocessing system 104 and/or the
classifier 112.

[0052] FIG. 12 is a flow diagram showing an exemplary process 1200 for determining at
least one classifier. The process 1200 begins by loading databases 1202 using at least one
learning usable database 1204. Process 1200 performs preprocessing for all training data 1208,
the preprocessing taking into account whether the distortion mode is on or off 1206. The
preprocessed training data is sent to a train classifier 1210 and the trained classifier is sent to the

engine 106 to set classifier 112. Process 1200 continues to test the train classifier stability 1214
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and test the train classifier accuracy 1214. A lookup table may be used to determine if a higher
accuracy is available. A full testing report is generated 1218, based on the stability and accuracy,
and the train classifier is saved 1220 to a group of at least one classifier 1222. The at least one
usable database 1204 is also sent to test the classifier stability 1224 where the data is loaded
1226 and sent to the engine 106. The test classifier stability 1224 generates a recognition
performance report for the learning data 1230. At least one testing usable database 1232 is sent
to test the classifier accuracy 1234 where the data is loaded 1236 and sent to the engine 106. The
test classifier accuracy 1234 generates a recognition performance report for the testing data 1240.
The full testing report 1218 is based on at least one of the recognition performance report for the
learning data and the recognition performance report for the testing data.

[0053] FIG. 13 is a flow diagram showing an exemplary feature extraction process 1300
for preprocessing body movement data. Process 1300 begins by taking the decoupled movement
928, shown in FIG. 9, to generate at least one set, wherein each set comprises four different
skeleton joints for each frame within the data 1304. Tetrahedron shapes, such as the exemplary
tetrahedron shape of FIG. 14, for each set of joints within each frame are generated 1306.
Process 1300 calculates the angles between the planes within each of the tetrahedron shapes
1308 and calculates the direction of each tetrahedron shape 1310, as shown in the arrow in FIG.
14. Process 1300 combines the angles and directions generated from each frame into the feature
matrix 1312, wherein each row represents a feature vector for a specific frame, and then
identifies the movement represented in a feature matrix 932, as shown in FIG. 9.

[0054] For simplicity of explanation, process 200, process 300, and processes 700-1300
are depicted and described as a series of steps. However, steps in accordance with this disclosure
can occur in various orders and/or concurrently. Additionally, steps in accordance with this
disclosure may occur with other steps not presented and described herein. Furthermore, not all
illustrated steps may be required to implement a method in accordance with the disclosed subject
matter.

[0055] The words “example” or “exemplary” are used herein to mean serving as an
example, instance, or illustration. Any aspect or design described herein as “example” or
“exemplary” is not necessarily to be construed as preferred or advantageous over other aspects or
designs. Rather, use of the words “example” or “exemplary” is intended to present concepts in a

concrete fashion. As used in this application, the term “or” is intended to mean an inclusive “or”
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rather than an exclusive “or”. That is, unless specified otherwise, or clear from context, “X
includes A or B” is intended to mean any of the natural inclusive permutations. That is, if X
includes A; X includes B; or X includes both A and B, then “X includes A or B” is satisfied
under any of the foregoing instances. In addition, the articles “a” and “an” as used in this
application and the appended claims should generally be construed to mean “one or more” unless
specified otherwise or clear from context to be directed to a singular form. Moreover, use of the
term “an implementation” or “one implementation” throughout is not intended to mean the same
embodiment or implementation unless described as such.

[0056] While the present disclosure has been described in connection with certain
embodiments, it is to be understood that the invention is not to be limited to the disclosed
embodiments but, on the contrary, is intended to cover various modifications and equivalent
arrangements included within the scope of the appended claims, which scope is to be accorded
the broadest interpretation so as to encompass all such modifications and equivalent structures as

is permitted under the law.
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What is claimed is:

1. A method for associating a meaning to a sequence of body motions of a user comprising:

receiving at least one database;

receiving the sequence of body motions from a depth-sensing capture device, wherein the
sequence of body motions comprises a set of three dimensional coordinates of a plurality of
points of a skeleton of the user;

identifying, using a detection module, at least two occurrences of a predetermined
position in the sequence of body motions;

identifying, using a recording module, a segment of body motions based on the sequence
of body motions between the two occurrences of the predetermined position, wherein the
segment of body motions comprises a subset of three dimensional coordinates from the set of
three dimensional coordinates;

processing, using a preprocessing component, the segment of body motions into at least
one preprocessed movement; and

identifying, using a classifier component, a set of words based on the at least one

preprocessed movement.

2. The method of claim 1, wherein the segment of body motions comprises at least one of a

predetermined length, a predetermined duration, and a predetermined amount of frames.

3. The method of claim 1, further comprising:

identifying at least one baseline joints movement constant across all frames of the
sequence of body motions;

smoothing the movement while maintaining a magnitude of the movement at a relative
constancy;

identifying a time constant for the movement while maintaining the magnitude of the
movement at a relative constancy;,

identifying an intended movement from the sequence of body motions;
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identifying at least one variation skeleton of the user’s skeleton while maintaining the
same characteristics of the intended movement on a condition that a distortion mode is on;

identifying a unified skeleton;

identifying at least one variation movement on a condition that the distortion mode is on,
the at least one variation movement having slightly different characteristics than the intended
movement;

decoupling the intended movement between a plurality of dynamic points;

identifying a feature matrix based on the decoupled intended movement;

identifying a feature movement represented in the feature matrix;

collapsing the feature matrix into a single feature matrix vector; and

determining the preprocessed movement using a normalizer.

4. The method of claim 3, further comprising:

repositioning at least one of the user’s skeleton and the at least one variation skeleton on
a condition that a forward side of at least one of the user’s skeleton and the at least one variation
skeleton is not facing the depth-sensing capture device;

identifying a dynamic skeleton scaling adapted to maintain the set of three-dimensional
coordinates at a constant orientation;

repositioning the dynamic skeleton to a constant position; and

translating the set of three dimensional coordinates of the plurality of points to a plurality
of dynamic points of the dynamic skeleton while maintaining the set of three-dimensional

coordinates at the constant orientation to determine a unified skeleton.

5. The method of claim 3, further comprising:

identifying at least one set wherein each set includes at least one of the plurality of
dynamic points for each frame within the sequence of body motions;

identifying at least one tetrahedron shape for each set within each frame, the tetrahedron
shape comprising a plurality of planes;

determining at least one angle between the plurality of planes of each tetrahedron shape;

determining at least one direction of each tetrahedron shape; and
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identifying the feature matrix based on the at least one angle and the at least one direction
generated from each frame, the feature matrix comprising at least one row, wherein the at least

one row represents a feature vector for a specific frame.

6. The method of claim 1, further comprising:
identifying a plurality of meanings based on a plurality of sequences of body motions;
determining an amount of sequences in the plurality of sequences of body motions;
storing, using a storage device, at least one plurality of meaning and the plurality of
sequences of body motions;
editing each sequence in the plurality of sequences of body motions on a condition that
the sequence includes an incorrect movement;
identifying at least one raw movement database comprising the plurality of meanings and

the plurality of sequences of body motions;

7. The method of claim 1, further comprising:

identifying a current database from one of at least one raw movement database, at least
one learning usable database, and at least one testing usable database, wherein the current
database comprises at least one movement class;

identifying a new database based on at least one sample within each movement class on a
condition that the movement class is from the raw movement database;

merging the new database with the current database on a condition that merging is true;

one of identifying a learning testing data ratio on a condition that merging is false and
saving the new database on a condition that merging is false; and

storing the new database comprising at least one movement class to one of the at least
one learning usable database and the at least one testing usable database on a condition that

merging is false.

8. The method of claim 1, further comprising:
identifying at least one learning database comprising a plurality of training data;
preprocessing the training data into preprocessed training data; and

training the classifier based on the preprocessed training data.
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0. The method of claim 1, further comprising:
identifying the classifier component from a plurality of classifier components;
identifying a plurality of words based on the at least one database; and
identifying, using the classifier component, the set of words from the plurality of words

based on the preprocessed movement, wherein the set of words comprises at least one word.

10. A method for building an isolated body movement recognizer comprising:

identifying at least one learning database comprising a plurality of training data;

preprocessing, using a preprocessing component, the training data into preprocessed
training data;

training the classifier based on the preprocessed training data;

testing a stability of the classifier;

testing an accuracy of the classifier;

generating a full testing report based on the stability and the accuracy of the classifier;
and

storing the classifier to a plurality of classifiers.

1. The method of claim 10, further comprising:

testing, using an engine component, a plurality of learning data from the at least one
learning database;

generating a recognition performance report based on the learning data; and

determining the stability of the classifier based on the recognition performance report.

12. The method of claim 10, further comprising:
identifying at least one testing database comprising a plurality of testing data;
testing, using an engine component, the plurality of testing data;
generating a recognition performance report based on the testing data; and

determining the accuracy of the classifier based on the recognition performance report.

13. A system for motion recognition of a sequence of body motions of a user comprising:

21



WO 2017/210667 PCT/US2017/035866

a detection module adapted to identify at least two occurrences of a predetermined
position in the sequence of body motions based on three dimensional data received from a depth-
sensing capture device;

a recording module adapted store a segment of body motions comprising a set of three
dimensional coordinates, based on the three dimensional data, received between the two
occurrences;

a preprocessing component adapted to process the segment of body motions into a
preprocessed movement; and

a classifier component adapted to identify a decoded statement based on the preprocessed

movement.

14. The system of claim 13, wherein the preprocessing component is adapted to:

identify at least one baseline joints movement constant across all frames of the sequence
of body motions;

smooth the movement while maintaining a magnitude of the movement at a relative
constancy;

identify a time constant for the movement while maintaining the magnitude of the
movement at a relative constancy;,

identify an intended movement from the sequence of body motions;

identify at least one variation skeleton of the user’s skeleton while maintaining the same
characteristics of the intended movement on a condition that a distortion mode is on;

identify a unified skeleton;

identify at least one variation movement on a condition that the distortion mode is on, the
at least one variation movement having slightly different characteristics than the intended
movement;

decouple the intended movement between a plurality of dynamic points;

identify a feature matrix based on the decoupled intended movement;

identify a feature movement represented in the feature matrix;

collapse the feature matrix into a single feature matrix vector; and

determine the preprocessed movement using a normalizer.
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15. The system of claim 14, wherein the preprocessing component is adapted to:

reposition at least one of the user’s skeleton and the at least one variation skeleton on a
condition that a forward side of at least one of the user’s skeleton and the at least one variation
skeleton is not facing the depth-sensing capture device;

identify a dynamic skeleton scaling adapted to maintain the set of three-dimensional
coordinates at a constant orientation;

reposition the dynamic skeleton to a constant position; and

translate the set of three dimensional coordinates of the plurality of points to a plurality of
dynamic points of the dynamic skeleton while maintaining the set of three-dimensional

coordinates at the constant orientation to determine a unified skeleton.

16. The system of claim 14, wherein the preprocessing component is adapted to:

identify at least one set wherein each set includes at least one of the plurality of dynamic
points for each frame within the sequence of body motions;

identify at least one tetrahedron shape for each set within each frame, the tetrahedron
shape comprising a plurality of planes;

determine at least one angle between the plurality of planes of each tetrahedron shape;

determine at least one direction of each tetrahedron shape; and

identify the feature matrix based on the at least one angle and the at least one direction
generated from each frame, the feature matrix comprising at least one row, wherein the at least

one row represents a feature vector for a specific frame.
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INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2017/035866

A. CLASSIFICATION OF SUBJECT MATTER

CPC -

IPC(8) - GOBT 7/20; GO6T 7/00; GO6K 9/46; GO9B 21/00; GO6F 3/01 (2017.01)
GO6F 3/017; GO6F 3/011; GO6K 9/00335; G09B 21/009 (2017.02)

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

USPC - 382/154; 382/103; 382/107; 345/156 (keyword delimited)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2011/0301934 A1 (TARDIF) 08 December 2011 (08.12.2011) entire document 1,2,8,9, 13
Y 37, 14-16
Y US 2013/0336524 A1 (ZHANG et al) 19 December 2013 (19.12.2013) entire document 3-7, 14-16
A US 2004/0186695 A1 (AOSHIMA et al) 23 September 2004 (23.09.2004) entire document 1-9, 13-16
A US 2013/0051614 A1 (LEE et al) 28 February 2013 (28.02.2013) entire document 1-9, 13-16
A US 2016/0042228 A1 (MOTIONSAVVY, INC.) 11 February 2016 (11.02.2016) entire document | 1-9, 13-16

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered nove! or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

11 September 2017

Date of mailing of the international search report

2 8 SEP 2017

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.0O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Blaine R. Copenhsaver

PCT Helpdesk: 571-272-4300
PCT OSP: §71-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2017/035866

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |_—_| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. I:] Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See extra sheet(s).

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. I:] As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No r.equired additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-9, 13-16

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

I:] The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.
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Continued from Box No. [ll Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for al! inventions to be examined, the appropriate additional examination fees must be paid.

Group |, claims 1-9,13-16, drawn to associating a meaning to a sequence of body motions.
Group II, claims 10-12, drawn to a method for building an isolated body movement recognizer.

The inventions listed as Groups I-I! do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons: the special technical feature of the Group
{ invention: identifying, using a detection module, at least two occurrences of a predstermined position in the sequence of body motions;
identifying, using a recording module, a segment of body motions based on the sequence of body motions between the two occurrences
of the predetermined position, wherein the segment of body motions comprises a subset of three dimensional coordinates from the set of
three dimensional coordinates as claimed therein is not present in the invention of Group {l. The special technical feature of the Group li
invention: identifying at least one learning database comprising a plurality of training data; preprocessing, using a preprocessing
component, the training data into preprocessed training data; training the classifier based on the preprocessed training data; testing a
stability of the classifier; testing an accuracy of the classifier; generating a full testing report based on the stability and the accuracy of
the classifier; and storing the classifier to a plurality of classifiers as claimed therein is not present in the invention of Group |I.

Groups ! and Il lack unity of invention because even though the inventions of these groups require the technical feature of recognition of
a sequence of body motions of a user, this technical feature is not a special technical feature as it does not make a contribution over the
prior art.

Specifically, US 2004/0186695 A1 (AOSHIMA et al) 23 September 2004 (23.09.2004) teaches recognition of a sequence of body
motions of a user (Paras. 10-11).

Since none of the special technical features of the Group | or Il inventions are found in more than one of the inventions, unity of invention
is lacking.

Form PCT/ISA/210 (extra sheet) (January 2015)
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