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(7) ABSTRACT

A system for aiding a subject development of physical,
mental, and/or emotional skills, subject awareness of their
mind state, body state, and/or emotional state, and providing
subject biofeedback includes subject-internal signal sensing
devices wearable by the subject for sensing signals gener-
ated internal to the subject’s body; subject-external signal
sensing devices for sensing signals generated external to the
subject’s body; a local computing unit configured for
authenticated wireless communication with the subject-in-
ternal and subject-external signal sensing devices, and pre-
senting particular types of mind state, body state, and
emotional state information to the subject, for instance, in
the form of biofeedback (e.g., mind-body state biofeedback,
and/or mind-body-emotion state biofeedback); and a cellular
network communication unit configured for communicating
data corresponding to sensed subject-internal signals and
sensed subject-external signals to at least one server by way
of at least one cellular network.
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SYSTEMS AND METHODS FOR
FACILITATING MIND-BODY-EMOTION
STATE SELF-ADJUSTMENT AND
FUNCTIONAL SKILLS DEVELOPMENT BY
WAY OF BIOFEEDBACK AND
ENVIRONMENTAL MONITORING

TECHNICAL FIELD

[0001] The present disclosure relates generally to biofeed-
back systems and methods, as well as subject skills devel-
opment, rehabilitation, and wellness systems and methods,
and systems and methods for capturing subject mind state,
body state, and/or emotional state signals, and presenting
such signals and/or information derived therefrom to the
subject (e.g., by way of biofeedback) for purpose of aiding
subject skills development, rehabilitation, and wellness.

BACKGROUND

[0002] Various types of systems, devices, and techniques
directed to aiding or enhancing an impaired subject’s devel-
opment of neuromuscular function (e.g., fine motor control)
and corresponding functional skills exist, and various types
of systems, devices, and techniques directed to providing
biofeedback to the subject during subject performance of
tasks directed to aiding or enhancing neuromuscular func-
tion and corresponding functional skills. International Patent
Publication No. W(O/2012161657 describes particular types
of systems, devices, and techniques in this regard, which
provide for the generation of subject mind state signals and
corresponding mind state measures and body state signals
and corresponding body state measures, and the presentation
of functional activity development sequences to a subject
concurrent with the presentation of mind state and body state
feedback to the subject.

[0003] A wide variety of factors can influence or affect
(beneficially or adversely) subject neurofunctional state or
performance, subject skills development, and the extent of
subject receptivity to and the efficiency of subject auto-
adaptivity or self-correction to biofeedback. Existing sys-
tems, devices, and techniques do not consider or operate
based on certain factors that can significantly or dramatically
aid subject functional skills development, subject wellness,
and subject health. Additionally, existing systems, devices,
and techniques can be cumbersome from the perspective of
subjects and other individuals concerned with the subject’s
functional skills development, wellness, and health, such as
caregivers, clinicians, researchers, and family members.
Improved systems, devices, and techniques for facilitating or
enhancing subject functional skills development and pro-
viding subject biofeedback are needed.

SUMMARY

[0004] Particular aspects of the present disclosure are
directed to systems and methods in which signal sensing
apparatuses or devices, including signal sensing apparatuses
or devices worn by a subject, are configured for (a) capturing
(1) signals generated internal to the subject’s body (e.g.,
“subject-internal signals”) including EEG, EMG, and pos-
sibly other physiologic/physiologic correlate signals (e.g.,
heart rate), as well as (ii) signals generated external to the
subject’s body (e.g., “subject-external signals”) such as
signals generated by devices worn by the subject and/or
signals that exist in the subject’s current external environ-
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ment (e.g., temperature, relative humidity, ambient noise
level, ambient lighting level, atmospheric pressure and/or
altitude, ambient magnetic field intensity, ambient electro-
magnetic radiation levels or values in one or more portions
of the electromagnetic frequency spectrum, and/or other
signals); (b) transmitting such captured signals to a local
computing unit; (¢) analyzing such signals; (d) providing
feedback to the subject, including biofeedback, based on
such signals; and (e) providing information to other indi-
viduals, such as medical professionals, clinicians, research-
ers, caretakers, family members, or friends, based on such
signals.

[0005] The local computing unit can be configured for
analyzing signals/data received from the signal sensing
apparatuses; generating measures of the subject’s current
mind state, body state, and possibly emotional state; pre-
senting/displaying a visual representation of the subject’s
current mind state, body state, and possibly emotional state
(e.g., relative to a target or synergistic mind state and body
state, or a target or synergistic mind state, body state, and
emotional state); selectively visually presenting/displaying
representative skill/exercise sequences such as model move-
ments in an adaptive manner based upon the subject’s
current and/or recent mind state, body state, and possibly
emotional state, concurrent with presenting/displaying the
visual representation of the subject’s current mind state,
body state, and possibly emotional state; generating subject
session history information; and transmitting (1) signals/
data received from the signal sensing apparatuses, (2) gen-
erated mind state measure, body state measure, and possibly
emotional state measure histories, and (3) related user ses-
sion history information to a set of servers for further
analysis. The set of servers can provide a mind-body state
and/or mind-body-emotion state education, maintenance/
regulation, skills development, and social interaction/social
media portal accessible to subjects, clinicians/therapists/
researchers, and possibly other individuals (e.g., user family
members or friends).

[0006] In accordance with an aspect of the present disclo-
sure, a computerized process for aiding a human subject in
the development of physical, mental, and/or emotional
skills, aiding subject awareness of their mind state, body
state, and/or emotional state, and providing subject biofeed-
back includes: sensing first subject-internal signals, the first
subject-internal signals including physiologic signals gen-
erated internal to the subject’s body including first neural
activity signals, first muscle activity signals, and first heart
rate variability signals; determining a baseline subject mind
state, a baseline subject body state, and a baseline subject
emotional state using the sensed first subject-internal sig-
nals; exposing the subject to a stressor including at least one
of: (a) an emotional stressor including visual image or scene
and/or audio information capable of producing a stressed
subject emotional state, and (b) a physical stressor including
a subject body condition or stimulus capable of producing a
stressed subject physical state; sensing second subject-in-
ternal signals during and after exposing the subject to the
stressor, the second subject-internal signals generated inter-
nal to the subject’s body and including second neural
activity signals, second muscle activity signals, and second
heart rate variability signals; determining a stressed subject
mind state, a stressed subject body state, and a stressed
subject emotional state using the sensed second subject-
internal signals; terminating exposure of the subject to the
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stressor; determining at least one of: (i-a) a mind state
recovery tine interval across which the stressed subject mind
state returns to within a first target percentage of the baseline
subject mind state; (ii-a) a body state recovery time interval
across which the stressed subject emotional state returns to
within a second target percentage of the baseline subject
emotional state, and (iii-a) an emotional state recovery time
interval across which the stressed subject body state returns
to a third target percentage of the baseline subject body state;
and determining or estimating a subject health state based on
at least one of the mind state recovery time interval, the body
state recovery time interval, and the emotional state recovery
time interval.

[0007] Sensing the first and second neural activity signals
can include sensing electroencephalography (EEQG) signals,
and sensing the first and second muscle activity signals
includes sensing electromyography (EMG) signals.

[0008] When the subject has a physically impaired body
part, determining the subject health state includes determin-
ing whether the at least one of the mind state recovery time
interval, the body state recovery time interval, and the
emotional state recovery time interval decreases over time
following multiple subject physical skill development ses-
sions, wherein each subject physical skill development
session includes presenting functional skill development
activities to the subject simultaneous with presenting current
mind state biofeedback and current body state feedback to
the subject, and wherein presenting the functional skill
development activities includes presenting visual informa-
tion showing usage of an unimpaired body part correspond-
ing to the physically impaired body part in a mirror image
manner during subject viewing of the visual information.
[0009] The process can further include determining at
least one of: (i-b) a mind state recovery profile including a
mind state measure recovery pattern that the stressed subject
mind state exhibits as it returns toward the baseline subject
mind state, (ii-b) a body state recovery profile including a
body state measure recovery pattern that the stressed subject
body state exhibits as it returns toward the baseline subject
body state, and (iii-b) an emotional state recovery profile
including an emotional state measure recovery pattern that
the stressed subject emotional state exhibits as it returns
toward the baseline subject mind state, wherein determining
or estimating the subject health state is further based on at
least one of the mind state recovery profile, the body state
recovery profile, and the emotional state recovery profile.
[0010] The process can additionally include: determining
an extent of subject torso or trunk rotational asymmetry; and
determining whether the extent of subject torso or trunk
rotational asymmetry is greater than a target or threshold
torso or trunk rotational asymmetry value. The target or
threshold torso or trunk rotational asymmetry value can
equal 9 mm+/-20%. Determining the subject health state
can further include determining whether the extent of sub-
ject torso or trunk rotational asymmetry decreases over time
to less than or equal to the target or threshold torso or trunk
rotational asymmetry value following the multiple subject
physical skill development sessions.

[0011] The process can also include: sensing levels of
subject-external signals, the subject-external signals gener-
ated external to the subject’s body and including an ambient
temperature level, an ambient relative humidity level, and an
ambient noise level; determining subject performance and/
or subject outcome measures corresponding to each physical
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skill development session; correlating the levels of sensed
subject-external signals with the subject performance and/or
subject outcome measures; and determining whether subject
performance and/or subject outcome measures across dif-
ferent physical skill development sessions was adversely
affected by the level of one or more subject-external signals
exceeding a target or threshold level or falling outside of a
target or threshold range. Determining levels of subject-
external signals can include determining at least one of an
ambient light level. an ambient atmospheric pressure or
altitude level, an ambient magnetic field intensity level, and
an ambient electromagnetic signal level within at least one
electromagnetic signal frequency band.

[0012] The process can further include automatically
transferring by way of cellular network communication the
determined subject performance measures and/or subject
outcome measures to a set of servers, without subject
initiation, management, and/or acknowledgment. Determin-
ing subject outcome measures can include: capturing image
data and/or audio data representing a current subject out-
come resulting from subject performance or attempted per-
formance of a functional development activity sequence;
and comparing the received image data and/or audio data
with target image data and/or audio data, respectively, to
determine an extent to which the current subject outcome
matches a target outcome for the functional development
activity sequence.

[0013] In accordance with an aspect of the present disclo-
sure, a system for aiding a subject in the development of
physical, mental, and/or emotional skills, aiding subject
awareness of their mind state, body state, and/or emotional
state, and providing subject biofeedback includes: (a) a set
of subject-internal signal sensing devices wearable by the
subject and configured for sensing signals generated internal
to the subject’s body, the set of subject-internal signal
sensing devices including: a head mountable sensing appa-
ratus configured for sensing subject electroencephalography
(EEG) signals; and at least one of: a forearm mountable
sensing apparatus configured for sensing subject electro-
myography (EMG) signals generated by particular subject
forearm and hand muscles, a neck mountable sensing appa-
ratus configured for sensing EMG signals generated by
particular subject neck muscles, a chest mountable sensing
apparatus configured for sensing subject EMG signals gen-
erated by particular subject upper torso muscles, a waist/hip
mountable apparatus configured for sensing EMG signals
generated by particular subject abdominal, waist, hip, and/or
gluteal region muscles; and an upper leg mountable sensing
apparatus configured for sensing subject EMG signals gen-
erated by subject upper leg muscles; and a lower leg
mountable apparatus configured for sensing EMG signals
generated by particular subject lower leg muscles; (b) a set
of subject-external signal sensing devices configured for
sensing signals generated external to the subject’s body, the
set of subject-external sensing devices including: a set of
accelerometers and/or gyroscopes carried by the set of
subject-internal signal sensing devices; an ambient tempera-
ture sensor; an ambient humidity sensor; and an ambient
noise sensor; (c) a local computing unit having a processing
unit and a memory storing program instructions executable
by the processing unit; (d) a display device configured for
presenting biofeedback information to the subject simulta-
neous with presenting functional development activity
sequences to the subject; and (e) a cellular network com-



US 2018/0301054 A1

munication unit configured for communicating data corre-
sponding to sensed subject-internal signals and sensed sub-
ject-external signals to at least one server by way of at least
one cellular network. The set of subject-external signal
sensing devices can also include at least one of an ambient
lighting level sensor, an ambient atmospheric pressure or
elevation level sensor, an ambient magnetic field intensity
sensor, and an ambient electromagnetic signal level corre-
sponding to at least one electromagnetic signal frequency
band.

[0014] When subject has a physically impaired body part,
the set of subject-internal signal sensing devices can be
configured for sensing EMG signals generated by muscles
within the impaired body part, and the presentation of the
functional development activity sequences includes present-
ing visual information showing usage of an unimpaired body
part corresponding to the physically impaired body part in a
mirror image manner during subject viewing of the visual
information.

[0015] The system can include a local wireless network
communication and authentication unit coupled to the local
computing unit, and wherein each subject-internal signal
sensing device is configured for authenticated wireless net-
work communication of sensed subject-internal signals to
the local computing unit by way of the local wireless
network communication and authentication unit.

[0016] The program instructions when executed by the
processing unit can direct the system to: store sensed first
subject-internal signals, the first subject-internal signals
including physiologic signals generated internal to the sub-
ject’s body including first neural activity signals, first
muscle activity signals, and first heart rate variability sig-
nals; determine a baseline subject mind state, a baseline
subject body state, and a baseline subject emotional state
using the sensed first subject-internal signals; expose the
subject to a stressor including at least one of: (a) an
emotional stressor including visual image or scene and/or
audio information capable of producing a stressed subject
emotional state, and (b) a physical stressor including a
subject body condition or stimulus capable of producing a
stressed subject physical state; store sensed second subject-
internal signals during and after exposing the subject to the
stressor, the second subject-internal signals generated inter-
nal to the subject’s body and including second neural
activity signals, second muscle activity signals, and second
heart rate variability signals; determine a stressed subject
mind state, a stressed subject body state, and a stressed
subject emotional state using the sensed second subject-
internal signals; terminate exposure of the subject to the
stressor; determine at least one of: (i-a) a mind state recovery
tine interval across which the stressed subject mind state
returns to within a first target percentage of the baseline
subject mind state; (ii-a) a body state recovery time interval
across which the stressed subject emotional state returns to
within a second target percentage of the baseline subject
emotional state, and (iii-a) an emotional state recovery time
interval across which the stressed subject body state returns
to a third target percentage of the baseline subject body state;
and determine or estimate a subject health state based on at
least one of the mind state recovery time interval, the body
state recovery time interval, and the emotional state recovery
time interval.

[0017] Such program instructions when executed can fur-
ther direct the system to: determine at least one of: (i-b) a
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mind state recovery profile including a mind state measure
recovery pattern that the stressed subject mind state exhibits
as it returns toward the baseline subject mind state, (ii-b) a
body state recovery profile including a body state measure
recovery pattern that the stressed subject body state exhibits
as it returns toward the baseline subject body state, and
(iii-b) an emotional state recovery profile including an
emotional state measure recovery pattern that the stressed
subject emotional state exhibits as it returns toward the
baseline subject mind state; and determine or estimate the
subject health state based on at least one of the mind state
recovery profile, the body state recovery profile, and the
emotional state recovery profile.

[0018] The program instructions when executed by the
processing unit can also cause the system to: determine an
extent of subject torso or trunk rotational asymmetry; deter-
mine whether the extent of subject torso or trunk rotational
asymmetry is greater than a target or threshold torso or trunk
rotational asymmetry value.

[0019] The system can additionally include: a set of serv-
ers including the at least one server; and a database with
which the set of servers communicates, and which stores
subject information including (a) sensed subject-internal
signal histories and/or subject mind state measures, body
state measures, and emotional state measures derived there-
from, sensed subject external signal histories including, (b)
sensed subject-external signal histories, and (c) target sub-
ject outcome data representing target outcomes of subject
performance or attempted performance of particular types of
functional development activity sequences, wherein the set
of servers includes at least one server processing unit and at
least one server memory storing server program instructions
which when executed by the at least one server processing
unit cause the server to compare current subject outcome
data associated with a specific functional development activ-
ity sequence and which was received from the local com-
puting unit with corresponding target subject outcome data
to determine an extent to which the current subject outcome
data matches the target subject outcome data. The current
subject outcome data can include at least one of image data,
audio data, electronic drawing pad and/or electronic stylus
data, captured keyboard input, accelerometer and/or gyro-
scope data generated by an apparatus or device with which
the subject interacts, and pressure mat data.

[0020] The set of server program instructions when
executed by the at least one server processing unit can also
the set of servers to: correlate levels of sensed subject-
external signals with subject performance measures and/or
subject outcome measures corresponding to multiple physi-
cal skill development sessions including or involving sub-
ject performance or attempted performance of multiple
functional activity development sequences over time; and
determine whether subject performance and/or subject out-
come measures across different physical skill development
sessions was adversely affected by a level of one or more
sensed subject-external signals exceeding a target or thresh-
old level or falling outside of a target or threshold range.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1is a schematic illustration showing portions
of a system for facilitating a subject’s mind-body and/or
mind-body-emotion state self-adjustment/modification/de-
velopment/maintenance and functional skills development
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by way of biofeedback and environmental sensing/monitor-
ing in accordance with an embodiment of the present
disclosure.

[0022] FIG. 2A is a schematic illustrations of a head
apparatus in accordance with representative embodiments of
the present disclosure.

[0023] FIG. 2B is a schematic illustration of a recharging
receiver or cradle in accordance with an embodiment of the
present disclosure, by which a head apparatus and a forearm
apparatus can be recharged.

[0024] FIG. 3 is a schematic illustration of a forearm
apparatus in accordance with a representative embodiment
of the present disclosure.

[0025] FIG. 4A is an electronics architecture block dia-
gram showing portions of a head apparatus and/or a forearm
apparatus in accordance with a representative embodiment
of the present disclosure.

[0026] FIG. 4B is a representative (re)charging architec-
ture block diagram showing power source recharging cir-
cuitry corresponding to a head apparatus and a forearm
apparatus in accordance with a representative embodiment
of the present disclosure.

[0027] FIG. 5 is a schematic illustration of a neck appa-
ratus configurable or configured for sensing particular EEG
signals and particular EMG signals in accordance with an
embodiment of the present disclosure.

[0028] FIG. 6 is a schematic illustration of particular types
of body worn sensing apparatuses that can be incorporated
into a system in accordance with an embodiment of the
present disclosure, in addition or as an alternative to a head
apparatus, a forearm apparatus, and/or a neck apparatus.
[0029] FIG. 7 is a schematic illustration showing further
aspects of a system in accordance with an embodiment of the
present disclosure, including sensing apparatuses that can
wirelessly communicate sensed signals/data to a local com-
puting unit by way of an authentication unit.

[0030] FIGS. 8A-8C are representative visual interfaces
that a system in accordance with an embodiment of the
present disclosure can provide to clinicians/therapists/re-
searchers and possibly the subject in order to facilitate or
enable measurement or generation of subject mind-body
and/or mind-body-emotion related bio-markers, and visual-
ization of results corresponding thereto.

[0031] FIG. 9 is a representative visual interface that a
system in accordance with an embodiment of the present
disclosure can provide as or as a part of a biofeedback
interface to indicate a subject’s current or recent level(s) of
brain hemisphere EEG asymmetry and left-right muscle
tension asymmetry.

[0032] FIG. 10 illustrates representative categorical types
of composite mind-body-emotion state information that can
be defined, calculated, and presented in accordance with an
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0033] The present disclosure references various represen-
tative non-limiting embodiments that are provided for pur-
pose of illustration to aid understanding. In the present
disclosure, depiction of a given element or consideration or
use of a particular element number in a particular FIG. or a
reference thereto in corresponding descriptive material can
encompass the same, an equivalent, or an analogous element
or element number identified in another FIG. or descriptive
material associated therewith. The use of “/” in a FIG. or
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associated text is understood to mean “and/or” unless oth-
erwise indicated. The use of the term approximately or the
recitation of a particular numerical value or value range
herein is understood to include or be a recitation of an
approximate numerical value or value range, within
+=20%, +/-15%, +/-10%, +/-5%, +/-2.5%, or +/-0% of a
stated, measured, baseline, target, or intended value.
[0034] As used herein, the term “set” corresponds to or is
defined as a non-empty finite organization of elements that
mathematically exhibits a cardinality of at least 1 (i.e., a set
as defined herein can correspond to a unit, singlet, or single
element set, or a multiple element set), in accordance with
known mathematical definitions (for instance, in a manner
corresponding to that described in An Introduction to Math-
ematical Reasoning: Numbers, Sets, and Functions, “Chap-
ter 11: Properties of Finite Sets” (e.g., as indicated on p.
140), by Peter J. Eccles, Cambridge University Press
(1998)). In general, an element of a set can include or be a
system, an apparatus, a device, a structure, an object, a
process, a physical parameter, or a value depending upon the
type of set under consideration.

[0035] The terms “software,” “software resources,” “pro-
gram instructions,” and “program instruction sets” herein
can correspond or refer to high level and/or low level (e.g.,
firmware) program instruction resources, routines, proce-
dures, or sequences that are storable in and retrievable from
one or more types of information or data storage media, and
which are executable by one or more processing units for
performing particular types of services, functions, or opera-
tions in accordance with embodiments of the present dis-
closure, in a manner readily understood by individuals
having ordinary skill in the relevant art. The term “module”
as used herein can typically or primarily correspond or refer
to program instruction set or software resources; and the
term “unit” as used herein can typically or primarily corre-
spond or refer to hardware resources, and can include
associated software resources that support or enable specific
types of hardware resource configurations, capabilities, or
functions in accordance with embodiments of the present
disclosure, in a manner also readily understood by individu-
als having ordinary skill in the relevant art.

[0036] Overview

[0037] Embodiments in accordance with the present dis-
closure are directed to systems, apparatuses, devices, and
processes in which a set of signal sensing apparatuses or
devices, which can include one or more types of apparatuses
or devices worn by or mounted on the body of a subject,
user, individual, or patient and possibly one or more types of
non-worn or non-bodily mounted apparatuses or devices, are
configured for capturing (a) particular types of signals
generated internal to a subject’s body (“subject internal
signals), including physiologic/physiologic correlate signals
such as EEG, EMG, and possibly other types of physiologic/
physiologic correlate signals (e.g., pulse/heart rate or heart
rate variability (HRV) and/or peripheral capillary oxygen-
ation (SpO2) signals); and (b) particular types of signals
generated external to the subject’s body (“subject external
signals”), including movement/motion signals correspond-
ing to subject movements/motions, and environmental sig-
nals (e.g., environmental temperature; relative humidity;
ambient noise; and/or other types of subject environmental
signals such as ambient lighting level; atmospheric pressure
and/or altitude; magnetic field intensity; and/or environmen-
tal or background electromagnetic radiation levels, such as
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electromagnetic signal power or energy levels within or
across one or more portions of the electromagnetic fre-
quency spectrum, for instance, background microwave and/
or radio frequency (RF) signal power or energy levels)
corresponding to conditions within the subject’s current
surroundings or environment. The signal sensing appara-
tuses carry or include appropriate types of sensing devices or
elements (e.g., conventional types of sensing devices or
elements) for sensing or capturing such types of signals, in
a manner readily understood by individuals having ordinary
skill in the relevant art. The signal sensing apparatuses are
further configured for communicating or transmitting such
captured signals or data corresponding thereto to a local
computing system, subsystem, or unit, for instance, by way
of wireless communication over a WiFi or similar local
wireless network, in a manner also readily understood by
individuals having ordinary skill in the relevant art.

[0038] Some sensing apparatuses are configured to be
carried or worn on particular subject body parts. In multiple
embodiments, the set of signal sensing apparatuses includes
a head apparatus wearable on the subject’s head and con-
figured for sensing EEG signals; and a forearm apparatus
wearable on portions of a subject forearm and configured for
sensing EMG signals. Depending upon embodiment and/or
situational details, the set of signal sensing apparatuses can
additionally or alternatively include one or more other types
of EMG signal sensing apparatuses, such as a neck apparatus
wearable on or around portions of the subject’s neck; a chest
apparatus wearable on or around portions of the subject’s
chest/upper torso; a waist’/hip apparatus wearable on or
around portions of the subject’s abdominal, waist, hips,
and/or gluteal region(s); an upper leg apparatus wearable on
or around portions of a thigh/hamstring region of the sub-
ject; or a lower leg apparatus wearable on or around portions
of a calf region of the subject. A given subject wearable or
subject mountable signal sensing apparatus can carry or
include a device or element configured for sensing one or
more other types of signals, such as subject heart rate or
heart rate variability, and/or possibly peripheral capillary
oxygenation (SpO2) level.

[0039] Depending upon embodiment details, one or more
types of sensing apparatuses or devices configured for
capturing or sensing certain types of subject-external signals
(e.g., one or more types of ambient environment signals as
described above) can remain separate from the subject, and
can be carried by or provided as part of the local computing
unit, or as apparatuses or devices that are separate from but
which are configured for communication with the local
communication unit.

[0040] The local computing unit is configured for receiv-
ing and analyzing signals/data provided, output, or trans-
mitted by the signal sensing apparatuses. In several embodi-
ments, the local computing unit provides or maintains a local
wireless network to which the set of sensing apparatuses can
link or connect, such as a WiFi or other type of low/generally
low power wireless network (e.g., a Bluetooth™ network),
such that the sensing apparatuses can communicate sensed
subject internal signals and sensed subject external signals to
the local computing unit. For instance, the sensing appara-
tuses can communicate sensed physiologic/physiologic cor-
relate signals/data, sensed subject motion signals/data, and
sensed subject environmental signals/data to the local com-
puting unit.
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[0041] The local computing unit is further configured for
generating measures of the subject’s current mind state,
body state, and possibly emotional state based upon sensed
signals/data; providing biofeedback information to the sub-
ject relating or corresponding to the subject’s current and/or
recent mind state measure(s), body state measure(s), and/or
emotional state measure(s); and providing/displaying activ-
ity or skill development sequences/exercises, mind state
training sequences/exercises, body state training sequences/
exercises, and possibly emotional state training sequences/
exercises in association with the provision of such biofeed-
back information. More particularly, the local computing
unit can be configured for presenting/displaying visual rep-
resentations of the subject’s current mind state, body state,
and possibly emotional state as indicated by the subject’s
current mind state, body state, and emotional state measures.
The local computing unit can also be configured for pre-
senting/displaying a visual representation of a target mind
state, a target body state, a target emotional state, a target
mind-body state, and/or a target mind-body-emotional state
that accordingly correspond to a target mind state measure,
a target body state measure, and possibly a target emotional
state measure, which when concurrently attained or main-
tained by the subject (e.g., by way of biofeedback based
self-regulation) can synergistically enhance or optimize sub-
ject performance, skills development/maintenance, well-
ness, health, and/or well-being. The local computing unit
can additionally or alternatively provide a visual/graphical
and/or other (e.g., auditory) indication of how far the sub-
ject’s current mind state, body state, and/or emotional state
are away from the target mind state, the target body state,
and/or the target emotional state, respectively. The target
mind state and target body state can collectively be referred
to as a target, balanced, optimized, or synergistic mind-body
state, and the corresponding target mind state measure and
target body state measure can collectively be referred to as
a target, balanced, optimized or synergistic mind-body state
measure. Similarly, the target mind state, the target body
state, and the target emotional state can collectively be
referred to as a target, balanced, optimized, or synergistic
mind-body-emotion(al) state, and the corresponding target
mind state measure, target body state measure, and emo-
tional state measure can be collectively referred to as a
target. balanced, or synergistic mind-body-emotion(al) state
measure.

[0042] The local computing unit can also concurrently
visually present/display representative activity or skill
development sequences, mind state training exercises/se-
quences, body state training exercises/sequences, and pos-
sibly emotional state training exercises/sequences in
response to subject/user input and/or in an automatically
adaptive and dynamic manner based upon the subject’s
current and/or recent mind state measure(s) body state
measure(s), and possibly emotional state measure(s), for
instance, relative to the target mind state measure, the target
body state measure, and the target emotional state measure,
respectively. Activity or skill development sequences can
facilitate or be directed to the development or maintenance
of particular types of subject activities, skills, or functional
abilities such as motor function control during movement
sequences, for instance, fine motor function control during
potentially complex hand, finger, and wrist movement
sequences (e.g., movement sequences involving the manipu-
lation or use of particular types of objects, such as cutlery or
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chopsticks). Mind state training sequences can facilitate or
be directed to the development or maintenance of the target
mind state, such as a mind state characterized by concen-
tration in conjunction with relaxed mental awareness. Body
state training sequences can facilitate or be directed to the
development or maintenance of the target body state, such as
a state of muscular relaxation with respect to particular
muscles or muscle groups, for instance, between certain
agonist and antagonist muscles. Emotional state training
sequences can facilitate or be directed to the development or
maintenance of the target emotional state, such as a state of
rapid heart rate variability recovery in response to an actual
or expected stressor or stressful scenario.

[0043] Representative manners of determining or calcu-
lating mind state measures, body state measures, and syn-
ergistic mind state and body state measures, as well as
representative manners of adaptively providing or present-
ing activity/skill development sequences, mind state training
sequences, and body state training sequences are described

in detail in International Patent Application No.
W0/2012161657.
[0044] For a given subject during a session in which the

set of signal sensing apparatuses worn by the subject are
communicating sensed signals/data to the local computing
unit and the local computing unit is processing/analyzing
such sensed signals/data and providing/displaying corre-
sponding biofeedback information, the local computing unit
can additionally generate subject session history information
corresponding to at least some of (a) signals/data received
from the signal sensing apparatuses; (b) generated mind
state measures, body state measures, and possibly emotional
state measures; (c) deviations of generated mind state mea-
sures, body state measures, and possibly emotion state
measures away from the target mind state measure, the target
body state measure, and possibly the target emotional state
measure; and (d) particular skill development sequences,
mind state training sequences, body state training sequences,
and possibly emotional state training sequences that were
presented/displayed (e.g., in response to user input and/or
based upon the user’s mind state measures, body state
measures, and possibly emotional state measures at one or
more times, for instance, relative to the target mind state
measure, the target body state measure, and possibly the
target emotional state measure respectively). The local com-
puting unit can transmit subject session history information
to a set of servers (e.g., a set of remote or cloud-based
servers).

[0045] The set of servers is configured for analyzing
subject session history information received from one or
more local computing units, and can further be configured
for providing or generating visual/graphical indications of
subject progress/performance/skill development over time
(e.g., where such information can be accessed, viewed, or
used by clinicians/therapists/researchers who are working or
associated with one or more subjects). The set of servers can
also be configured for generating and/or storing outcome
measures that are correlated with or which correspond to an
extent (e.g., an estimated or calculated extent) to which an
outcome currently attained or realized by a subject (e.g., a
“current subject outcome”) during subject performance or
attempted performance of a functional development activity
sequence under consideration matches a target, intended, or
ideal example outcome for the functional development
activity sequence. For instance, if a functional development
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activity sequence is directed to manipulating and folding a
piece of paper to produce an intended type of origami object,
the target example outcome of this functional development
activity can be an image of the intended type of origami
object that was produced by a skilled, reasonably skilled,
and/or unimpaired (e.g., physically and mentally unim-
paired) origami practitioner; the current subject outcome can
be an image captured of the origami or origami-like object
that the subject produced while performing or attempting to
perform the functional development activity sequence; and
the corresponding outcome measure can be an estimated or
calculated extent to which the image of the subject-produced
origami or origami-like object matches the image of the
intended type of origami object. Such an outcome measure
can be produced by way of human comparison, evaluation,
and rating of these images, and/or automated (e.g., comput-
erized) image registration, correlation/matching, and scoring
techniques known to individuals having ordinary skill in the
art.

[0046] Additional or other types of target example out-
comes can be defined or provided for additional or other
types of functional development activity sequences, such as
various types of creative skills development sequences (e.g.,
drawing, painting, singing, or musical instrument playing
skills development sequences), vocational skills develop-
ment sequences (e.g., involving keyboard, calculator key-
pad, or telephone use; or the manipulation of paper objects,
such as for purpose of gift wrapping items purchased by
others), and/or activity of daily living (ADL) development
sequences (e.g., folding laundry, or turning pages in a
book)m in a manner readily understood by individuals
having ordinary skill in the relevant art. Individuals having
ordinary skill in the relevant art will also recognize that
creative skills development sequences, vocational skills
development sequences, and ADL development sequences
can include or exhibit common categorical types of subject
movements or motions (e.g., cross-midline motions or cross-
body motions) having applicability to the development or
restoration of multiple types of subject skills.

[0047] Depending upon the nature of a given functional
development activity sequence under consideration, a target
example outcome and a current subject outcome for the
functional activity development sequence can include image
data, audio data, electronic drawing pad and/or electronic
stylus data, alphanumeric data (e.g., captured keyboard
input), time period or time interval data, accelerometer
and/or gyroscope data (e.g., corresponding to one or more
accelerometers and/or gyroscopes carried by a subject worn
sensing apparatus and/or a device or apparatus (e.g., a
non-subject worn device) with which the subject interacts
while performing or attempting to perform the functional
development activity sequence), pressure mat data (e.g., data
generated by a table-top pressure mat during subject pet-
formance or attempted performance of functional develop-
ment activity sequences involving particular types of table-
top objects; and/or data generated by a floor-based pressure
mat for measuring subject limb motion compensation
involving subject application of foot pressure on the floor to
move the upper limb, as well measuring floor mat pressure
during subject exercises or standing up, which can indicate
when and an extent to which the subject unconsciously
transfers weight towards the unimpaired side of their body),
and/or other types of data or information.
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[0048] In several embodiments, the set of servers is addi-
tionally configured for providing a mind-body-emotional
state education, mind-body-emotional state maintenance/
regulation, mind-body-emotional state skills development,
plus social interaction/social media portal accessible to
users, clinicians/therapists/researchers, and possibly other
individuals (e.g., user family members or friends). The
portal can operate in association with or provide a number
of visual/graphical user interfaces by which subject response
(s) to one or more types of stresses/stressors/challenges can
be estimated, determined, or measured, and measures of
subject mind-body-emotional state homeostasis or subject
deviation therefrom can be generated, evaluated/analyzed,
and presented/displayed.

Representative Aspects of System and Apparatus
Embodiments

[0049] FIG. 1 is a schematic illustration showing portions
of a system 10 for facilitating a subject’s mind-body state
and/or mind-body-emotion state self-adjustment/modifica-
tion/development/maintenance and functional skills devel-
opment (e.g., motor skill development, cognitive skill devel-
opment, and/or emotional skill development) by way of
biofeedback and environmental monitoring in accordance
with an embodiment of the present disclosure. In an embodi-
ment, the system 10 includes the following:

[0050] (a) a set of signal sensing apparatuses such as (i)
a head apparatus 100 that can be worn on the subject’s
head, and (ii) a forearm apparatus 200 that can be worn
on portions of the subject’s forearm; (e.g., which can
correspond to a functionally impaired arm and/or
hand),

[0051] (b) a local computing system, apparatus, device,
or unit 700 such as a laptop or desktop computer, tablet
computer, phablet, and/or mobile telephone, which is
configured for communication with each of the head
apparatus 100 and the forearm apparatus 200;

[0052] (c) possibly or typically an authentication device
800 (e.g., in the form of a dongle) couplable or coupled
to the local computing unit 700, which is configured for
authenticating and enabling communication between
the local computing unit 700 and each of the head
apparatus 100 and the forearm apparatus 200, and
which in some embodiments includes or is a dongle;

[0053] (d) a set of remote servers 900 configured for
communication with the local computing unit 700, and
configured for communication with a set of databases
910 that can store information related to subjects,
including subject histories corresponding to data and/or
signals sensed, captured, and/or generated in associa-
tion with subject interaction with the system; and

[0054] (e) possibly or typically a server communica-
tion/data transfer (e.g., upload) device 850 (e.g., in the
form of a dongle) configured for enabling communi-
cation/data transfer between the local computing unit
700 and the set of remote servers 900, which in several
embodiments includes or is a cellular network commu-
nication device or unit (e.g., having at least one sub-
scriber identity module (SIM) card, in a manner readily
understood by individuals having ordinary skill in the
relevant art).

[0055] The set of sensing apparatuses can additionally or
alternatively include other types of worn or non-worn appa-
ratuses. For instance, other types of apparatuses that can be
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worn on particular portions of the user’s body include one or
more of a neck apparatus, a chest apparatus, a waist/lower
back apparatus, and/or a thigh or other type of lower limb
apparatus, as further described in detail below.

[0056] Each of the head apparatus 100 and the forearm
apparatus 200 carries a plurality of sensing devices or
elements, including sensing devices/electrodes configured
for capturing physiologic/physiologic correlate signals
sensed from or produced by the user’s body. In several
embodiments, the head apparatus 100 and/or the forearm
apparatus 200 can carry sensing devices configured for
capturing subject-external signals, including environmental
signals sensed within and which can characterize the user’s
current surroundings or environment. Each of the head
apparatus 100 and the forearm apparatus 200 also typically
carries its own rechargeable power source; a processing unit;
a memory; wireless communication circuitry, and wireless
recharging circuitry. Aspects of representative head appara-
tuses 100, forearm apparatuses 200, and other types of user
wearable are described in detail hereafter.

[0057] FIG. 2A is a schematic illustration of a head
apparatus 100 in accordance with representative embodi-
ments of the present disclosure. FIG. 2B is a schematic
illustration of a head apparatus 10 and a forearm apparatus
200 carried by or mounted to a head apparatus/forearm
apparatus recharging receiver or cradle 102/202 in accor-
dance with a representative embodiment of the present
disclosure.

[0058] In an embodiment, a head apparatus 100 includes
a lightweight and highly adjustable frame 110 configurable
or configured for comfortably yet securely fitting a wide or
very wide variety of subject head shapes and sizes. The
frame 110 includes a plurality of adjustable arm structures
114 (e.g., three arm structures 1144-¢, as best shown in FIG.
2A) that extend downwardly and outwardly from a central
upper spine portion or structure 112 that carries a head
apparatus control/communication unit 150. The arm struc-
tures 114a-c carry a plurality of EEG electrode structures or
electrodes 120 (e.g., dry/gel-free EEG electrodes 120),
which in various embodiments are positionable/positioned
at locations corresponding or approximately corresponding
to particular scalp locations defined in accordance with the
standard 10-20 EEG system, in a manner readily understood
by individuals having ordinary skill in the relevant art. In
several embodiments, at least some arm structures 114 carry
at least two hinge structures or hinges 115 (e.g., dual hinges
115a, 1155), which aid easy, comfortable, consistent place-
ment or mounting of the head apparatus 100 on the subject’s
head by the subject themselves (e.g., one-handed head
apparatus placement or mounting), without external assis-
tance, even for subjects experiencing non-trivial impairment
in one of their hands and/or arms.

[0059] In a representative implementation, the head appa-
ratus 100 can carry or include EEG electrodes 120 corre-
sponding to positions F3, F4, C3, C4, CZ, P3, P4, Ol, and
02 within the standard 10-20 EEG system. The head appa-
ratus 100 can also carry a reference electrode 125 corre-
sponding to the forehead. The EEG electrodes 120 and the
reference electrode 125 are independently position-adjust-
able (e.g., by the subject), and individual EEG electrodes
120 and the reference electrode 125 can be pressure-adjust-
able (e.g., by the subject). As shown in FIG. 2B, the head
apparatus 100 can also carry an ear clip device 160 config-
ured for heart rate sensing or monitoring (e.g., optical
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pulse/heart rate sensing), in a manner readily understood by
individuals having ordinary skill in the relevant art. The
head apparatus 100 is configured for simple, rapid, easy
adjustment and mounting to the subject’s head, including by
the subject themselves even when one of the subject’s
hands/arms is functionally impaired (e.g., as a result of
neurologic damage or dysfunction associated with stroke,
traumatic brain injury, or another condition).

[0060] As also shown in FIG. 2B, the head apparatus 100
can have associated therewith a head apparatus receiver or
cradle 102 configured for recharging the head apparatus 100,
such as by way of wireless recharging or wireless power
transfer. The head apparatus receiver or cradle 102 can be
integrated with a forearm apparatus receiver or cradle 202
configured for recharging the forearm apparatus 200,
thereby forming the head apparatus/forearm apparatus
recharging receiver or cradle 102/202, for instance, in the
representative manner shown in FIG. 2B. In a number of
embodiments, the head apparatus/forearm apparatus
recharging receiver or cradle 102/202 can carry or include
thereon or therein the aforementioned server communica-
tion/data transfer (e.g., upload and possibly download)
device 850, which can be or typically includes or is a cellular
network communication device.

[0061] The head apparatus EEG electrodes 120, the ref-
erence electrode 125, and the ear clip device are coupled to
the head apparatus control/communication unit 150, and are
respectively configured for communicating EEG signals, a
reference electrical signal, and a heart rate signal to the head
apparatus control/communication unit 150. The head appa-
ratus control/communication unit 150 includes a power
source (e.g., a rechargeable battery, along with recharging
circuitry), a processing unit, a memory, sensor/electrode
interface circuitry (e.g., analog-to-digital (ADC) conversion
circuitry), wireless communication circuitry, and a set of
auxiliary sensing devices/elements including a set of motion
sensors such as accelerometers and gyroscopes configured
for sensing subject movements/motions; plus a set of envi-
ronmental sensors such as a temperature sensor, a humidity
sensor, and a microphone respectively configured for sens-
ing ambient temperature, humidity, and background noise(s)
in the subject’s environment. By way of the wireless com-
munication circuitry, the head apparatus control/communi-
cation unit 150 can transmit sensed EEG signals/data,
sensed pulse rate signals/data, sensed user motion signals/
data, sensed environmental temperature signals/data, sensed
environmental humidity signals/data, and sensed environ-
mental noise/sound signals/data to the local computing unit
700. In various embodiments, the wireless communication
circuitry includes or is WiFi communication circuitry.

[0062] FIG. 3 is a schematic illustration of a forearm
apparatus 200 in accordance with a representative embodi-
ment of the present disclosure. In an embodiment, the
forearm apparatus 200 includes a lightweight and highly
adjustable frame 210 configurable or configured for com-
fortably yet securely fitting a wide or very wide range of
subject forearm lengths and thicknesses. The frame 210
includes a plurality of forearm clip or grip structures 214 that
downwardly extend from a central upper spine portion or
structure 212 that carries an arm apparatus control/commu-
nication unit 250. Each forearm grip structure 212 carries a
set of position-adjustable EMG electrode structures or elec-
trodes 220 configured for measuring EMG signals from the
subject forearm on which the forearm apparatus 200 is worn.
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For instance, each forearm grip structure 212 can carry two
EMG electrodes 220 having centers or centroids disposed
along a common line, where the two EMG electrodes 220
can be pairwise adjusted in vertical and rotational directions
relative to the forearm grip structure 212 on which they are
carried. The frame 210 can include a front portion 215 that
can be selectively extended forward from or retracted rear-
ward toward the upper spine portion 212 in a length-
adjustable manner, and from which two forearm clip/grip
structures 214 downwardly extend. The forearm apparatus
200 can additionally include a hand clip structure 230, which
can be fitted or worn on the subject’s palm or hand, and
which 230 carries a set of EMG electrodes 220 configured
for measuring particular hand muscle EMG signals, such as
palm flexor EMG signals. The forearm apparatus 200 is
configured for simple, rapid, easy adjustment and mounting
to the subject’s forearm, including by the subject themselves
when one of the subject’s hands/arms is functionally
impaired (e.g., as a result of neurologic damage or dysfunc-
tion associated with stroke, traumatic brain injury, or another
condition).

[0063] The EMG electrodes 220 are coupled to the fore-
arm apparatus control/communication unit 250, and are
configured for communicating sensed EMG signals to the
forearm apparatus control/communication unit 250. The
forearm apparatus control/communication unit 250 includes
a power source (e.g., a rechargeable battery, along with
recharging circuitry), a processing unit, a memory, sensor/
electrode interface circuitry (e.g., analog-to-digital (ADC)
conversion circuitry), wireless communication circuitry, and
a set of auxiliary sensing devices/elements including a set of
motion sensors such as accelerometers and gyroscopes con-
figured for sensing subject movements/motions; plus a set of
environmental sensors such as a temperature sensor, a
humidity sensor, and a microphone respectively configured
for sensing ambient temperature, humidity, and background
noise(s) in the subject’s environment. By way of the wireless
communication circuitry, the forearm apparatus control/
communication unit 250 can transmit sensed EMG data,
sensed user motion signals/data, sensed environmental tem-
perature signals/data, sensed environmental humidity sig-
nals/data, and sensed environmental noise/sound signals/
data to the local computing unit 700. In various
embodiments, the wireless communication circuitry
includes or is WiFi communication circuitry.

[0064] FIG. 4A is an electronics architecture block dia-
gram showing portions of the head apparatus 100 and/or the
forearm apparatus 200 in accordance with a representative
embodiment of the present disclosure; and FIG. 4B is a
(re)charging architecture block diagram showing power
source recharging circuitry such as within the head appara-
tus/forearm apparatus recharging receiver or cradle 102/202
respectively corresponding to the head apparatus 100 and
the forearm apparatus 200 in accordance with a representa-
tive embodiment of the present disclosure. In multiple
embodiments, the system 10 includes a wireless charger
transmitter 50 that can be plugged into a wire-based power
source such as a conventional electrical socket, and which
includes wireless power signal transfer circuitry by which
wireless power can be provided to the head apparatus 100
and/or the forearm apparatus 200.

[0065] FIG. 5is a schematic illustration of a neck mounted
or neck apparatus 300 configurable or configured for sensing
particular EEG signals and particular EMG signals in accor-
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dance with an embodiment of the present disclosure. In an
embodiment, the neck apparatus 300 includes a collar struc-
ture 310 that surrounds portions of the subject’s neck (e.g.,
side and rear portions of the subject’s neck), and which can
extend to, along, or around portions of the subject’s upper
chest region (e.g., the subject’s clavicular region). The neck
apparatus 300 carries a neck apparatus control/communica-
tion unit 350, which is coupled to (a) a set of EEG electrodes
320 (e.g., which can be position adjustable) configured for
sensing EEG signals at lower rear portions of the subject’s
scalp, for instance, corresponding to positions O1 and O2
within the standard 10-20 EEG system; and (b) a set of EMG
electrodes 322 (e.g., which can be position adjustable)
configured for sending EMG signals corresponding to par-
ticular neck/upper torso subject muscles, such as at one or
multiple locations of the subject’s left and right trapezius
muscles. The neck apparatus control/communication unit
350 can further carry a set of auxiliary sensors including a
set of motion sensors (e.g., accelerometers/gyroscopes) con-
figured for sensing subject motions/movements and/or
tracking subject body position(s); and a set of environmental
sensors such as a temperature sensor, a humidity sensor, and
an ambient noise sensor in a manner analogous or essentially
identical to that previously described. The neck apparatus
control/communication unit 350 includes a power source
(e.g., a rechargeable battery, along with recharging cir-
cuitry), a processing unit, a memory, sensor/electrode inter-
face circuitry (e.g., analog-to-digital (ADC) conversion cit-
cuitry), and wireless communication circuitry. By way of the
wireless communication circuitry, the neck apparatus con-
trol/communication unit 350 can transmit sensed EEG sig-
nals/data, sensed EMG signals/data, sensed user motion
signals/data, sensed environmental temperature signals/data,
sensed environmental humidity signals/data, and sensed
environmental noise/sound signals/data to the local comput-
ing unit 700. In various embodiments, the wireless commu-
nication circuitry includes or is WiFi communication cir-
cuitry.

[0066] In several embodiments, subject bodily and/or
motion signals sensed, detected, estimated, determined,
measured, and/or tracked by way of the neck apparatus 300
(e.g., accelerometer and gyroscope signals) can be analyzed
by the local computing unit 700 to determine whether the
subject’s torso/trunk symmetrically rotates or asymmetri-
cally rotates about a longitudinal or lengthwise subject axis
(e.g., corresponding or approximately corresponding to the
subject’s spinal column) during activities, tasks, or exercises
in which symmetric torso/trunk rotation is normal or
expected (e.g., by a clinician/therapist/researcher). For
instance, the local computing unit 700 can estimate, deter-
mine, measure, monitor, and/or track an average left-side
amount, angular range, or distance across which the sub-
ject’s left shoulder is displaced during an activity such as
walking, and an average right-side amount, angular range, or
distance across which the subject’s right shoulder is dis-
placed during the activity, where the activity is physically
left-right symmetric in nature. A difference between the
average left-side shoulder displacement amount, angular
range, or distance and the average right-side shoulder dis-
placement amount, angular range, or distance can corre-
spond to or be defined as a torso/trunk rotational asymmetry
for the subject. A clinician or therapist can establish a zero
asymmetry state (e.g., a state characterized by zero or nearly
zero subject torso/trunk rotational asymmetry exists) at one
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or more times (e.g., prior to every kth session during which
the subject interacts or is scheduled to interact with the
system 10 to perform or attempt to perform functional
activity development sequences) to provide a reference
subject torso/trunk state relative to which subject torso/trunk
rotational asymmetry is estimated, determined, measured,
monitored, and/or tracked.

[0067] It has been found by the inventor of the present
application that while walking, healthy and/or functionally
unimpaired individuals exhibit a shoulder or torso/trunk
rotational asymmetry less than or equal to approximately 9
mm (e.g., 9 mm+/-20%, +/-15%, or +/-10%); and
unhealthy and/or functionally impaired individuals exhibit a
should or torso/trunk rotational asymmetry greater or sig-
nificantly greater than approximately 9 mm. (e.g., 9 mm+/—
20%, +/-15%, or +/-10%) Thus, the extent of subject
torso/trunk rotational asymmetry over time can serve as a
metric, target value, or threshold value for indicating subject
health state and/or subject progress toward or attainment of
recovery (e.g., functional recovery from a motor impair-
ment), normalization, health, wellness, and/or well-being.

[0068] In addition to or in association with sensing, esti-
mating, determining, measuring, monitoring, or tracking
subject torso/trunk rotational asymmetry, the system 10 can
be configured for sensing, estimating, determining, measur-
ing, monitoring, or tracking subject torso forward flexion
relative to one or both subject legs, as such forward flexion
typically accompanies torso/trunk rotational asymmetry.

[0069] FIG. 6 is a schematic illustration of other types of
body worn sensing apparatuses that can be incorporated into
a system 10 in accordance with an embodiment of the
present disclosure, in addition or as an alternative to the head
apparatus 100, the forearm apparatus 200, and/or the neck
apparatus 300. Such additional/other types of body worn
sensing apparatuses can include one or more of a chest
apparatus 400; a waist/lower back apparatus 500; an upper
leg apparatus 600, and a lower leg apparatus 650, each of
which is configured for sensing EMG signals corresponding
to particular subject muscles, and possibly sensing subject
movements and/or environmental parameters such as tem-
perature, humidity, and ambient noise, in a manner analo-
gous or essentially identical to that described above. Each of
such additional/other types of body worn sensing appara-
tuses 400, 500, 600, 650 can further be configured for
wirelessly communicating sensed signals/data to the local
computing unit 700, in a manner also analogous or essen-
tially identical to that described above, as will be readily
understood by individuals having ordinary skill in the rel-
evant art.

[0070] FIG. 7 is a schematic illustration showing further
aspects of a system 10 in accordance with an embodiment of
the present disclosure. With reference also to FIGS. 1-6, the
set of user worn sensing apparatuses, such as the head
apparatus 100, the forearm apparatus 200, and/or another
sensing apparatus 300, 400, 500, 600, 650 can wirelessly
communicate sensed signals/data to the local computing unit
700 by way of an authentication unit 800 coupled to the local
computing unit 700, as indicated in FIG. 1. The authentica-
tion unit 800 can include or be, for instance, a dongle
configured for supporting or enabling WiFi and/or Blu-
etooth™ communication, and which can also be configured
for supporting or enabling sensing device authentication
operations.
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[0071] The local computing unit 700 provides software
resources 750 (e.g., program instruction sets) configured for
supporting, enabling, and/or providing one or more types of
local computing unit capabilities, services, or functions
described above, including the processing/analysis of data
received from the set of sensing apparatuses. The local
computing unit 700 can transmit or upload the aforemen-
tioned subject session history information to the set of
servers 900, such as by way of the server communication/
data transfer device 850. In several embodiments, the server
communication/data transfer device 850 is configured for
cellular network data communication with the set of servers
900, for instance, by way of one or more of a 2G, 3G, or 4G
cellular network communication protocol. The server com-
munication/data transfer device 850 can additionally or
alternatively be configured for one or more other types of
data communication with the set of servers, such as by way
of a conventional wire-based network coupling, link, or
connection. In general, the local computing unit 700 and/or
the server communication/data transfer device 850 are con-
figurable or configured for providing automatic and
enhanced reliability communication with the set of servers
900, for instance, when the local computing unit 700 does
not have a reliable wire-based Internet connection; or when
the local computing unit 700 is a portable/laptop computer
that is in-transit between different locations between subject
sessions, during which case subject session information can
be automatically communicated to the set of servers 900
while the local computing unit 700 is in-transit.

[0072] In various embodiments, the local computing unit
700 includes program instructions that when executed by a
processing unit automatically initiate and manage the wire-
less communication or transfer of information or data
between the local computing unit 700 and the set of servers
900 by way of the server communication/data transfer
device 850, independent of or without subject initiation,
management, or termination of such information or data
communication or transfer. For instance, after a subject has
completed a session involving subject performance or
attempted performance of one or more functional activity
development sequences, the local computing unit 700 can
automatically, without requiring subject input, instruction,
or acknowledgment, automatically communicate session
related data (e.g., subject mind state measures, body state
measures, possibly emotional state measures, functional
activity sequence performance data, and possibly one or
more current subject outcome measures for the functional
development activity sequence or sequences under consid-
eration) to the servers 900. Additionally, in several embodi-
ments, the servers 900 can automatically communicate
information or data to the local computing unit 700 by way
of the server communication/data transfer device 850, with-
out requiring subject input, instruction, or acknowledgment.
Such data can include new or updated functional develop-
ment activity sequernce information, software upgrades, and
other information.

[0073] The set of servers 900 stores and processes/ana-
lyzes subject session information received from local com-
puting units 700, and generate analytics information/data
therefrom, based upon one or more sessions corresponding
to one or more subjects. The set of servers 900 can generate
various types of analytics information, including physiologi-
cal signal analytics; motion signal analytics; environmental
signal analytics; sensing apparatus analytics; mind state
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analytics; body state analytics; skill, activity, or exercise
sequence analytics; and/or other types of analytics corre-
sponding to single subjects or groups of subjects. Based
upon the generated analytics information, the set of servers
can provide particular types of analytics capabilities, ser-
vices, or functions to clinicians, therapists, researchers,
medical insurance company personnel, marketing personnel,
and/or other individuals, including subjects themselves.
Analytics information, as well as other information such as
current and historical subject mind state measures, body
state measures, emotional state measures, subject outcome
measures, subject body rotation measures, subject responses
to stimuli such as stressors or stressful scenarios, and target
outcome measures can be stored in a set of databases 910
with which the server(s) 900 can communicate.

[0074] Environmental analytics can be important or very
important because environmental factors to which a subject
is exposed during a session such as ambient or background
temperature, humidity level, noise level, types of noise(s),
and/or other environmental metrics (e.g., ambient or back-
ground lighting level, atmospheric pressure or altitude level,
magnetic field intensity, and/or electromagnetic radiation or
energy level(s) in one or more electromagnetic signal fre-
quency bands, such as one or more microwave and/or RF
signal frequency bands) can significantly or greatly affect
the subject’s mind state, body state, emotional state, respon-
siveness to biofeedback, ability to self-regulate to attain the
target or synergistic mind-body state or mind-body-emotion
state, and ability to develop, improve, or maintain functional
abilities or skills associated with activity/skill development
sequences. Environmental analysis can aid clinician/thera-
pist/researcher determination of what types of environmen-
tal conditions facilitate enhanced subject performance for
any given subject, and why subject performance or perfor-
mance improvement is not at an expected level, or fluctu-
ates, degrades, or plateaus in an undesirable/unpredictable
manner from one session to another or during a given
session.

[0075] The set of servers 900 can communicate with one
or more websites and/or mobile apps that can provide
visual/graphical user interfaces by which system support
personnel, therapists/clinicians/researchers, and other indi-
viduals such as subjects can selectively access and/or view
analytics information.

[0076] Furthermore, in various embodiments, the set of
servers 900 can provide or support a mind-body-emotion
state education, mind-body-emotion state maintenance/
regulation, mind-body-emotion state skills development,
and social interaction/social media portal accessible to users,
clinicians/therapists/researchers, and possibly other indi-
viduals (e.g., user family members or friends). The portal
can operate in association with or provide a number of
visual/graphical user interfaces by which EEG and EMG
based subject bio-markers can be measured; subject
response(s) to particular types of stresses/stressors/chal-
lenges can be estimated, determined, or measured; and
indications or measures of subject mind-body-emotion state
can be generated, evaluated/analyzed, and presented/dis-
played. Such subject mind-body-emotion state indications or
measures can convey (e.g., visually) how far away the
subject’s current/recent mind-body-emotion state is from a
target. synergistic, or homeostasis mind-body-emotion state
that can enhance or optimize the subject’s performance,
health, wellness, and well-being. Such visual/graphical user
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interfaces can aid subject awareness and self-regulation of
their own stress response(s) and their mind-body-emotion
state over time by way of biofeedback, thereby progres-
sively aiding or enhancing subject performance, health,
wellness, and well-being over time.

[0077] In various embodiments, the set of servers 900 can
receive information provided, output, or generated by one or
more types of subject sensing apparatuses such as the neck
apparatus 300 and/or the head apparatus 100, the forearm
apparatus 200, and/or another sensing apparatus in order to
obtain subject mind-body-emotion state related bio-marker
signals, data, or measurements that facilitate the estimation,
determination, measurement, analysis, and/or biofeedback
based self-regulation of subject mind-body-emotion state.
Such bio-marker measurements include at least some of the
following:

[0078] (a) EEG bio-markers: alpha, beta, and delta
frequency band EEG signal measurements including
band power, overall EEG power, EEG hemispheric
asymmetry, and EEG signal recovery time in response
to stress/challenge;

[0079] (b) EMG biomarkers: resting and induced relax-
ation EMG signal measurements, subject activity base-
line measurements, maximum voluntary contraction
(MVC) measurements, EMG signal recovery time in
response to stress/challenge, and left-right muscle ten-
sion asymmetry;

[0080] (c) Heart Rate Variability (HRV) signals, and
HRV signal recovery time in response to stress/chal-
lenge

[0081] (d) possibly SpO2;

[0082] (e) relaxation resistance; and

[0083] (f) stress/challenge recovery profile measure-

ments, as further detailed hereafter.

[0084] Measurement of the subject’s stress/challenge
recovery profile can include measurement of one or more
psychological/emotional stress recovery profiles, and/or
measurement of one or more physical stress recovery pro-
files. In various embodiments, measurement of a psycho-
logical/emotional stress recovery profile involves measure-
ment of subject EEG signals or bio-markers, measurement
of subject EMG signals or bio-markers, and measurement of
subject HRV signals during the presentation/display of an
auditory-visual scene or video (e.g., which can be stored on
and obtained from the set of databases 910) that includes one
or more expected stressful, psychologically/emotionally
challenging, surprising, and/or unexpected scenes, situa-
tions, or scenarios therein. Prior to subject viewing or
exposure to a psychologically stressful or expected stressful
scene, the subject’s mind state as indicated by their EEG
signals or bio-markers, body state as indicated by their EMG
signals or bio-markers, and emotional state as indicated by
their HRV signals can be respectively defined to correspond
to or represent a baseline or non-stressed/non-challenged
mind state, body state, and emotional state.

[0085] When the subject is exposed to or views a stressful,
surprising, or unexpected scene or situation presented in the
video, the subject’s mind state as indicated by their EEG
signals or bio-markers, body state as indicated by their EMG
signals or bio-markers, and emotional state as indicated by
their HRV signals can shift, significantly shift, or dramati-
cally shift away from the respective baseline or non-stressed
states. Such shifts can be defined as a psychological/emo-
tional stress response for the subject, which includes a mind
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state stress response component, a body state stress response
component, and an emotional state stress response compo-
nent. Following subject exposure to the stressful scenario or
scene (e.g., when the video has returned to or resumed
presenting non-stressful or ordinary scenes), the subject’s
mind state as indicated by their EEG signals or bio-markers,
body state as indicated by their EMG signals or bio-markers,
and emotional state as indicated by their HRV signals will
respectively shift or return towards the baseline or non-
stressed mind state, body state, and emotional state.

[0086] Multiple embodiments in accordance with the pres-
ent disclosure can monitor, estimate, determine, or measure
the time taken for each of the subject’s mind state (as
indicated by EEG signals or bio-markers), body state (as
indicated by EMG signals or bio-markers), and emotional
state (as indicated by HRV signals) to respectively return to
or approximately (re)attain (e.g., within 10-20%) the base-
line or non-stressed mind state, body state, and emotional
state, respectively, following the initiation or cessation of a
psychological/emotional stressor such as a stressful video
scene. Such times can correspondingly be defined as mind
state recovery time, a body state recovery time, and an
emotional state recovery time associated with subject expo-
sure to the psychological/emotional stressor (e.g., the stress-
ful video scene). Such embodiments can additionally or
alternatively determine a mind state recovery profile, a body
state recovery profile, and/or an emotional state recovery
profile that indicate a pattern (e.g., as defined by a temporal
sequence of mind state measure values, body state measure
values, and/or emotional state value measures) by which the
subject’s mind state, body state, and/or emotional state
recover toward the baseline mind state, the baseline body
state, and the baseline emotional state, respectively.

[0087] It has been found by the inventor of the present
application that for healthy and/or functionally unimpaired
subjects, their mind state stress response component, body
state stress response component, and emotional state stress
response component return quickly and nearly simultane-
ously to, or approximately to, the respective baseline or
non-stressed mind state, body state, and emotional state, and
typically in a smooth decreasing manner with respect to the
values of the subject’s mind state measures, body state
measures, and emotional state measures over time. How-
ever, for functionally impaired or unhealthy individuals, the
return of one or more of their mind state stress response
component, body state stress response component, and emo-
tional state stress response component to or approximately
to the baseline or non-stressed mind state, body state, and
emotional state is delayed compared to healthy and/or
functionally unimpaired subjects, and the recovery profile of
the subject’s stressed mind state, body state, and/or emo-
tional state return toward their respective baseline states or
levels can be irregular or very irregular (e.g., showing
significant or large bidirectional changes, rather than smooth
decay). Thus, single instance and/or historical manner(s) in
which and/or temporal durations across which a subject’s
mind state stress response component, body state stress
response component, and emotional state stress response
component return or approximately return to the baseline or
non-stressed mind state, the baseline or non-stressed body
state, and the baseline or non-stressed emotional state fol-
lowing (initial) exposure of the subject to a psychological/
emotional stressor can serve as a measure of subject per-
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formance, progress, recovery (e.g., functional recovery, for
instance, from a motor impairment), normalization, health,
wellness, or well-being.

[0088] In an analogous or generally analogous manner, in
various embodiments measurement of a physical stress
recovery profile involves measurement of subject EEG
signals or bio-markers, measurement of subject EMG sig-
nals or bio-markers, and measurement of subject HRV
signals during subject engagement or attempted engagement
in a particular type of stressful or challenging activity, task,
or exercise (e.g., a physically stressful or challenging activ-
ity or task, involving subject positioning/attempted position-
ing and/or maintenance of one or more of their body parts in
a given physical pose or orientation, for instance, a yoga
position such as a plank pose; or subject engagement or
attempted engagement in a creative activity such as an
artistic, craft, theater, dance, or musical activity). Prior to
subject engagement in the stressful activity or activities, the
subject’s mind state as indicated by their EEG signals or
bio-markers, body state as indicated by their EMG signals or
bio-markers, and emotional state as indicated by their HRV
signals can be respectively defined to correspond to or
represent a baseline or non-stressed/non-challenged mind
state, body state, and emotional state with respect to a
physically stressful activity.

[0089] When the subject is engaged in a physically stress-
ful activity, the subject’s mind state as indicated by their
EEG signals or bio-markers, body state as indicated by their
EMG signals or bio-markers, and emotional state as indi-
cated by their HRV signals can shift, significantly shift, or
dramatically shift away from the respective baseline or
non-stressed states. Such shifts can be defined as a physical
stress response for the subject, which includes a mind state
stress response component, a body state stress response
component, and an emotional state stress response compo-
nent. Following subject engagement in the physically stress-
ful activity, subject mind state as indicated by their EEG
signals or bio-markers, body state as indicated by their EMG
signals or bio-markers, and emotional state as indicated by
their HRV signals will respectively shift or return towards
the baseline or non-stressed mind state, body state, and
emotional state.

[0090] Multiple embodiments in accordance with the pres-
ent disclosure can monitor, estimate, determine, or measure
the time taken for each of the subject’s mind state (as
indicated by EEG signals or bio-markers), body state (as
indicated by EMG signals or bio-markers), and emotional
state (as indicated by HRV signals) to respectively return to
or approximately (re)attain (e.g., within 10-20%) the base-
line or non-stressed mind state, body state, and emotional
state, respectively, following cessation of the physically
stressful activity. Such times can correspondingly be defined
as mind state recovery time, a body state recovery time, and
an emotional state recovery time associated with subject
exposure to a physical stressor. Additionally or alternatively,
multiple embodiments in accordance with the present dis-
closure can determine recovery profiles by which the sub-
ject’s mind state, body state, and/or emotional state return or
approximately return to their respective baseline states.
[0091] It has been found by the inventor named on the
present application that for healthy and/or functionally
unimpaired subjects, their mind state stress response com-
ponent, body state stress response component, and emo-
tional state stress response component return quickly and
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nearly simultaneously to, or approximately to, the respective
baseline or non-stressed mind state, body state, and emo-
tional state after cessation of the physical stressor. Also, the
mind state, body state, and emotional state recovery profiles
for healthy and/or functionally unimpaired subjects are
typically characterized by smooth decay. However, for func-
tionally impaired or unhealthy individuals, the return of one
or more of their mind state stress response component, body
state stress response component, and emotional state stress
response component to or approximately to the baseline or
non-stressed mind state, body state, and emotional state is
delayed compared to healthy and/or functionally unimpaired
subjects; and/or the mind state recovery profile, body state
recovery profile, and/or emotional state recovery profile of
an impaired or unhealthy subject can exhibit irregular pat-
terns or significant swings (rather than smooth decay) as the
subject’s mind state, body state, and emotional state return
toward their respective baseline states. Thus, single instance
and/or historical manner(s) in which and/or temporal dura-
tions across which a subject’s mind state stress response
component, body state stress response component, and emo-
tional state stress response component return or approxi-
mately return to the baseline or non-stressed mind state, the
baseline or non-stressed body state, and the baseline or
non-stressed emotional state following cessation of a physi-
cal stressor can serve as a measure of subject performance,
progress, recovery (e.g., functional recovery, for instance,
from motor impairment), normalization, health, wellness, or
well-being.

[0092] In anumber of embodiments, the set of servers 900
1s configured for communicating with one or more types of
electronic/computing devices, for instance, portable/mobile
subject devices such as smartphones, tablet/phablet comput-
ers, laptop computers, and/or desktop computers, such that
the electronic/computing device(s) can present visual/
graphical user interfaces that facilitate or enable the capture,
generation, and/or communication of the aforementioned
subject bio-marker information and the generation and pre-
sentation of subject mind-body-emotion state information
corresponding thereto. Such electronic/computing devices
can include or be clinician/therapist/researcher devices, and/
or subject devices, which are configured for communicating
with one or more types of subject signal sensing apparatuses
100, 200, 300, 400, 500, 600, 650 worn by subjects. In
embodiments in which the set of servers 900 communicates
with portable/mobile devices such as smartphones, each
portable/mobile device can execute a mobile app that facili-
tates or enables the collection, generation, and/or presenta-
tion of subject bio-marker measurements and/or subject
mind-body-emotion state information.

[0093] In various embodiments, the foregoing bio-marker
measurements can be used to generate brain-body-emotion
or mind-body-emotion state information, such as by way of
a visual/graphical user interface. This mind-body-emotion
state information can be referred to as Guna state informa-
tion or composite mind-body-emotion state information.
Different categorical types of Guna state or composite
mind-body-emotion state information can be defined, for
instance, in a representative manner shown in FIG. 10, e.g,,
by way of a visual or graphical table 1410 provided in a
visual or graphical composite mind-body-emotion state
interface 1400. Depending upon a subject’s current/recent
(a) mind or brain state determined from or indicated by EEG
bio-markers; (b) body state determined from or indicated by
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EMG bio-markers; and (c) emotional state as determined
from or indicated by HRV, the subject’s current composite
mind-body-emotion state can be categorized in the manner
indicated by each row of FIG. 10. A target, optimal, or ideal
composite mind-body-emotion state is indicated in the last
row of FIG. 10, which can be defined as a target, synergistic,
well-balanced, or homeostasis mind-body state that the
subject should attain and maintain or which the subject
should shift or progress towards in order for enhancing or
maximizing their performance, health, wellness, and/or
well-being with respect to any given activity in which they
are engaged. The subject’s current or most-recent composite
mind-body-emotion state can be visually or indicated by
way of graphical objects such as selectively colored graphi-
cal buttons (e.g., red buttons indicating the subject’s current
composite mind-body-emotion state).

[0094] FIGS. 8A-8C are representative visual interfaces
1000, 1100, 1200 that a system 10 in accordance with an
embodiment of the present disclosure can provide to clini-
cians/therapists/researchers and possibly the subject in order
to facilitate or enable measurement or generation of the
foregoing subject mind-body and/or mind-body-emotion
related bio-markers, and visualization of results correspond-
ing thereto. Such visual interfaces 1200 can provide one or
more types of indications of EEG hemispheric asymmetry
and EMG based left-right muscular tension asymmetry.

[0095] FIG.9is arepresentative visual interface 1300 that
a system 10 in accordance with an embodiment of the
present disclosure can provide to a subject and/or other
individuals (e.g., clinicians or researchers), for instance, as
or as a part of a biofeedback interface to indicate the
subject’s current or recent level(s) of brain hemisphere EEG
asymmetry and left-right muscle tension asymmetry, such
that the subject can self-regulate their mind state and body
state in order to shift their EEG profile towards or to a state
of hemispheric symmetry and shift their muscle tension
profile towards or to a state of balanced left-right muscle
relaxation by way of biofeedback (e.g., as a result of the
subject becoming consciously aware of their current level of
hemispheric symmetry/asymmetry and left-right muscle ten-
sion or relaxation symmetry/asymmetry). Such a visual
interface 1300 can additionally provide a visual indication of
the subject’s HRV, for instance, relative to a target HRV
level or range that corresponds to mind-body-emotion state
homeostasis.

[0096] Aspects of particular embodiments of the present
disclosure address at least one aspect, problem, limitation,
and/or disadvantage associated with existing systems, appa-
ratuses, devices, and techniques for providing biofeedback
and developing or restoring subject skills such as movement
control, including fine motor control. While features,
aspects, and/or advantages associated with certain embodi-
ments have been described in the disclosure, other embodi-
ments may also exhibit such features, aspects, and/or advan-
tages, and not all embodiments need necessarily exhibit such
features, aspects, and/or advantages to fall within the scope
of this disclosure. It will be appreciated by a person of
ordinary skill in the art that several of the above-disclosed
systems, components, processes, or alternatives thereof,
may be desirably combined into other different systems,
components, processes, and/or applications. In addition, a
person of ordinary skill in the art may make various modi-
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fications, alterations, and/or improvements to one or more
embodiments herein while remaining within the scope of the
present disclosure.

1. A computerized method for aiding a human subject in
the development of physical, mental, and/or emotional
skills, aiding subject awareness of their mind state, body
state, and/or emotional state, and providing subject biofeed-
back, the method comprising:

sensing first subject-internal signals, the first subject-

internal signals comprising physiologic signals gener-

ated internal to the subject’s body including first neural
activity signals, first muscle activity signals, and first
heart rate variability signals;

determining a baseline subject mind state, a baseline

subject body state, and a baseline subject emotional

state using the sensed first subject-internal signals;
exposing the subject to a stressor including at least one of:
an emotional stressor comprising visual image or scene
and/or audio information capable of producing a
stressed subject emotional state, and

a physical stressor comprising a subject body condition
or stimulus capable of producing a stressed subject
physical state;

sensing second subject-internal signals during and after

exposing the subject to the stressor, the second subject-
internal signals generated internal to the subject’s body
and including second neural activity signals, second
muscle activity signals, and second heart rate variabil-
ity signals;

determining a stressed subject mind state, a stressed

subject body state, and a stressed subject emotional

state using the sensed second subject-internal signals;
terminating exposure of the subject to the stressor;
determining at least one of:

a mind state recovery tine interval across which the
stressed subject mind state returns to within a first
target percentage of the baseline subject mind state,

a body state recovery time interval across which the
stressed subject emotional state returns to within a
second target percentage of the baseline subject
emotional state, and

an emotional state recovery time interval across which
the stressed subject body state returns to a third target
percentage of the baseline subject body state; and

determining or estimating a subject health state based on

at least one of the mind state recovery time interval, the
body state recovery time interval, and the emotional
state recovery time interval.

2. The method of claim 1, wherein sensing the first and
second neural activity signals comprises sensing electroen-
cephalography (EEG) signals, and sensing the first and
second muscle activity signals comprises sensing electro-
myography (EMG) signals.

3. The method of claim 1, wherein the subject has a
physically impaired body part, wherein determining the
subject health state comprises determining whether the at
least one of the mind state recovery time interval, the body
state recovery time interval, and the emotional state recovery
time interval decreases over time following multiple subject
physical skill development sessions, wherein each subject
physical skill development session comprises presenting
functional skill development activities to the subject simul-
taneous with presenting current mind state biofeedback and
current body state feedback to the subject, and wherein
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presenting the functional skill development activities com-
prises presenting visual information showing usage of an
unimpaired body part corresponding to the physically
impaired body part in a mirror image manner during subject
viewing of the visual information.

4. The method of claim 1, further comprising determining
at least one of:

a mind state recovery profile comprising a mind state
measure recovery pattern that the stressed subject mind
state exhibits as it returns toward the baseline subject
mind state;

a body state recovery profile comprising a body state
measure recovery pattern that the stressed subject body
state exhibits as it returns toward the baseline subject
body state; and

an emotional state recovery profile comprising an emo-
tional state measure recovery pattern that the stressed
subject emotional state exhibits as it returns toward the
baseline subject mind state, wherein determining or
estimating the subject health state is further based on at
least one of the mind state recovery profile, the body
state recovery profile, and the emotional state recovery
profile.

5. The method of claim 1, further comprising:

determining an extent of subject torso or trunk rotational
asymmetry; and

determining whether the extent of subject torso or trunk
rotational asymmetry is greater than a target or thresh-
old torso or trunk rotational asymmetry value.

6. The method of claim 5, wherein the target or threshold
torso or trunk rotational asymmetry value equals 9 mm+/—
20%.

7. The method of claim 5, wherein determining the subject
health state further comprises determining whether the
extent of subject torso or trunk rotational asymmetry
decreases over time to less than or equal to the target or
threshold torso or trunk rotational asymmetry value follow-
ing the multiple subject physical skill development sessions.

8. The method of claim 4, further comprising;

sensing levels of subject-external signals, the subject-
external signals generated external to the subject’s
body and including an ambient temperature level, an
ambient relative humidity level, and an ambient noise
level,

determining subject performance and/or subject outcome
measures corresponding to each physical skill devel-
opment session;

correlating the levels of sensed subject-external signals
with the subject performance and/or subject outcome
measures; and

determining whether subject performance and/or subject
outcome measures across different physical skill devel-
opment sessions was adversely affected by the level of
one or more subject-external signals exceeding a target
or threshold level or falling outside of a target or
threshold range.

9. The method of claim 8, wherein determining levels of
subject-external signals further comprises determining at
least one of an ambient light level, an ambient atmospheric
pressure or altitude level, an ambient magnetic field inten-
sity level, and an ambient electromagnetic signal level
within at least one electromagnetic signal frequency band.

10. The method of claim 8, further comprising automati-
cally transferring by way of cellular network communication
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the determined subject performance measures and/or subject
outcome measures to a set of servers, without subject
initiation, management, and/or acknowledgment.

11. The method of claim 8, wherein the determining
subject outcome measures comprises:

capturing image data and/or audio data representing a
current subject outcome resulting from subject perfor-
mance or attempted performance of a functional devel-
opment activity sequence; and

comparing the received image data and/or audio data with
target image data and/or audio data, respectively, to
determine an extent to which the current subject out-
come matches a target outcome for the functional
development activity sequence.

12. A system for aiding a subject in the development of
physical, mental, and/or emotional skills, aiding subject
awareness of their mind state, body state, and/or emotional
state, and providing subject biofeedback, the system com-
prising:

a set of subject-internal signal sensing devices wearable
by the subject and configured for sensing signals gen-
erated internal to the subject’s body, the set of subject-
internal signal sensing devices comprising:

a head mountable sensing apparatus configured for
sensing subject electroencephalography (EEG) sig-
nals, and

at least one of: a forearm mountable sensing apparatus
configured for sensing subject electromyography
(EMG) signals generated by particular subject fore-
arm and hand muscles, a neck mountable sensing
apparatus configured for sensing EMG signals gen-
erated by particular subject neck muscles, a chest
mountable sensing apparatus configured for sensing
subject EMG signals generated by particular subject
upper torso muscles, a waist/hip mountable appara-
tus configured for sensing EMG signals generated by
particular subject abdominal, waist, hip, and/or glu-
teal region muscles; and an upper leg mountable
sensing apparatus configured for sensing subject
EMG signals generated by subject upper leg
muscles; and a lower leg mountable apparatus con-
figured for sensing EMG signals generated by par-
ticular subject lower leg muscles;

a set of subject-external signal sensing devices configured
for sensing signals generated external to the subject’s
body, the set of subject-external sensing devices com-
prising:

a set of accelerometers and/or gyroscopes carried by
the set of subject-internal signal sensing devices;

an ambient temperature sensor,

an ambient humidity sensor, and

an ambient noise sensor;

a local computing unit having a processing unit and a
memory storing program instructions executable by the
processing unit;

a display device configured for presenting biofeedback
information to the subject simultaneous with presenting
functional development activity sequences to the sub-
ject; and

a cellular network communication unit configured for
communicating data corresponding to sensed subject-
internal signals and sensed subject-external signals to at
least one server by way of at least one cellular network.
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13. The system of claim 12, wherein the subject has a
physically impaired body part, wherein the set of subject-
internal signal sensing devices is configured for sensing
EMG signals generated by muscles within the impaired
body part, and wherein presentation of the functional devel-
opment activity sequences comprises presenting visual
information showing usage of an unimpaired body part
corresponding to the physically impaired body part in a
mirror image manner during subject viewing of the visual
information.

14. The system of claim 12, wherein the system includes
a local wireless network communication and authentication
unit coupled to the local computing unit, and wherein each
subject-internal signal sensing device is configured for
authenticated wireless network communication of sensed
subject-internal signals to the local computing unit by way
of the local wireless network communication and authenti-
cation unit.

15. The system of claim 12, wherein the set of subject-
external signal sensing devices further comprises at least one
of an ambient lighting level sensor, an ambient atmospheric
pressure or elevation level sensor, an ambient magnetic field
intensity sensor, and an ambient electromagnetic signal level
corresponding to at least one electromagnetic signal fre-
quency band.

16. The system of claim 12, wherein the program instruc-
tions when executed by the processing unit direct the system
to:

store sensed first subject-internal signals, the first subject-

internal signals comprising physiologic signals genet-

ated internal to the subject’s body including first neural
activity signals, first muscle activity signals, and first
heart rate variability signals;

determine a baseline subject mind state, a baseline subject

body state, and a baseline subject emotional state using

the sensed first subject-internal signals;

expose the subject to a stressor including at least one of:

an emotional stressor comprising visual image or scene
and/or audio information capable of producing a
stressed subject emotional state, and

a physical stressor comprising a subject body condition
or stimulus capable of producing a stressed subject
physical state;

store sensed second subject-internal signals during and

after exposing the subject to the stressor, the second
subject-internal signals generated internal to the sub-
ject’s body and including second neural activity sig-
nals, second muscle activity signals, and second heart
rate variability signals;

determine a stressed subject mind state, a stressed subject

body state, and a stressed subject emotional state using

the sensed second subject-internal signals;

terminate exposure of the subject to the stressor;

determine at least one of:

a mind state recovery tine interval across which the
stressed subject mind state returns to within a first
target percentage of the baseline subject mind state;

a body state recovery time interval across which the
stressed subject emotional state returns to within a
second target percentage of the baseline subject
emotional state, and

an emotional state recovery time interval across which
the stressed subject body state returns to a third target
percentage of the baseline subject body state; and
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determine or estimate a subject health state based on at
least one of the mind state recovery time interval, the
body state recovery time interval, and the emotional
state recovery time interval.

17. The system of claim 16, wherein the program instruc-

tions when executed further direct the system to:
determine at least one of:

a mind state recovery profile comprising a mind state
measure recovery pattern that the stressed subject
mind state exhibits as it returns toward the baseline
subject mind state

a body state recovery profile comprising a body state
measure recovery pattern that the stressed subject
body state exhibits as it returns toward the baseline
subject body state; and

an emotional state recovery profile comprising an emo-
tional state measure recovery pattern that the stressed
subject emotional state exhibits as it returns toward
the baseline subject mind state; and

determine or estimate the subject health state based on at
least one of the mind state recovery profile, the body
state recovery profile, and the emotional state recovery
profile.

18. The system of claim 12, wherein the program instruc-
tions when executed by the processing unit cause the system
to:

determine an extent of subject torso or trunk rotational
asymmetry,

determine whether the extent of subject torso or trunk
rotational asymmetry is greater than a target or thresh-
old torso or trunk rotational asymmetry value.

19. The system of claim 12, further comprising:

a set of servers including the at least one server;

a database with which the set of servers communicates,
and which stores subject information including
sensed subject-internal signal histories and/or subject

mind state measures, body state measures, and emo-
tional state measures derived therefrom, sensed sub-
ject external signal histories-including,

sensed subject-external signal histories, and

target subject outcome data representing target out-
comes of subject performance or attempted perfor-
mance of particular types of functional development
activity sequences; and

wherein the set of servers includes at least one server
processing unit and at least one server memory storing
server program instructions which when executed by
the at least one server processing unit cause the server
to compare current subject outcome data associated
with a specific functional development activity
sequence and which was received from the local com-
puting unit with corresponding target subject outcome
data to determine an extent to which the current subject
outcome data matches the target subject outcome data.

20. The system of claim 19, wherein the current subject
outcome data comprises at least one of image data, audio
data, electronic drawing pad and/or electronic stylus data,
captured keyboard input, accelerometer and/or gyroscope
data generated by an apparatus or device with which the
subject interacts, and pressure mat data.

21. The system of claim 19, wherein the set of server
program instructions when executed by the at least one
server processing unit cause the set of servers to:
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correlate levels of sensed subject-external signals with
subject performance measures and/or subject outcome
measures corresponding to multiple physical skill
development sessions comprising subject performance
or attempted performance of multiple functional activ-
ity development sequences over time; and

determine whether subject performance and/or subject
outcome measures across different physical skill devel-
opment sessions was adversely affected by a level of
one or more sensed subject-external signals exceeding
a target or threshold level or falling outside of a target
or threshold range.
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