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SYSTEM AND METHOD FOR MONITORING
BIOMETRIC SIGNALS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application Ser. No. 61/908,077 filed 23 Nov. 2013,
U.S. Provisional Application Ser. No. 62/013,405 filed 17
Jun. 2014, U.S. Provisional Application Ser. No. 62/016,373
filed 24 Jun. 2014, and U.S. Provisional Application Ser. No.
62/077,781 filed 10 Nov. 2014, which are each incorporated
in its entirety herein by this reference.

TECHNICAL FIELD

[0002] This invention relates generally to the biometric
device field, and more specifically to a new and useful system
and method for monitoring biometric signals.

BACKGROUND

[0003] Tracking biometric parameters resulting from peri-
ods of physical activity can provide profound insights into
improving one’s performance and overall health. Histori-
cally, users have tracked their exercise behavior by manually
maintaining records of aspects of their physical activity,
including time points, durations, and/or other metrics (e.g.,
weight lifted, distance traveled, repetitions, sets, etc.) of their
exercise behavior. Exercise tracking systems and software
have been recently developed to provide some amount of
assistance to a user interested in tracking his/her exercise
behavior; however, such systems and methods still suffer
from a number of drawbacks. In particular, many systems
require a significant amount of effort from the user (e.g.,
systems rely upon user input prior to and/or after a period of
physical activity), capture insufficient data (e.g., pedometers
that estimate distance traveled, but provide little insight into
an amount of physical exertion of the user), provide irrelevant
information to a user, and are incapable of detecting body-
responses to physical activity at a resolution sufficient to
provide the user with a high degree of body awareness. Other
limitations of conventional biometric monitoring devices
include one or more of: involvement of single-use electrodes,
involvement of a single electrode targeting a single body
location, use of adhesives for electrode placement, contribu-
tions to user discomfort, and other deficiencies.

[0004] There is thus a need in the biometric device field to
create a new and useful system and method for monitoring
biometric signals. This invention provides such a new and
useful system and method.

BRIEF DESCRIPTION OF THE FIGURES

[0005] FIG.1 depicts an embodiment of a system for moni-
toring biometric signals of a user;

[0006] FIG. 2 depicts an embodiment of a system for moni-
toring biometric signals of a user, in communication with an
external electronic device;

[0007] FIG. 3A depicts a cross-section of a portion of an
embodiment of a system for monitoring biometric signals of
a user;

[0008] FIGS. 3B-3C depict different variations of garments
in an embodiment of a system for monitoring biometric sig-
nals of a user;
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[0009] FIG. 3D depicts a specific example of a biometric
sensor configuration in an embodiment of a system for moni-
toring biometric signals of a user;

[0010] FIG. 4A depicts variations of a housing of a control
module in an embodiment of a system for monitoring bio-
metric signals of a user;

[0011] FIG. 4B depicts an example of a control module in
an embodiment of a system for monitoring biometric signals
of a user;

[0012] FIG. 5A depicts a first example configuration of
contacts in an embodiment of a system for monitoring bio-
metric signals of a user;

[0013] FIG. 5B depicts a cross-section of a portion of an
embodiment of a system for monitoring biometric signals of
a user,

[0014] FIG. 6 depicts a second example configuration of
contacts in an embodiment of a system for monitoring bio-
metric signals of a user;

[0015] FIGS. 7A-7B depict a first configurations and a
second configuration, respectively, of coupling between a
control module and an array of connection regions in an
embodiment of a system for monitoring biometric signals of
a user,

[0016] FIG. 8A depicts an example of a mounting module
in an embodiment of a system for monitoring biometric sig-
nals of a user;

[0017] FIG. 8B depicts a cross section of a portion of an
embodiment of a system for monitoring biometric signals of
a user,

[0018] FIG. 8C depicts a variation of a configuration
between portions of a system for monitoring biometric sig-
nals of a user;

[0019] FIGS. 9A-9B depict configurations of charging
modules in an example of a system for monitoring biometric
signals of a user;

[0020] FIG. 10 depicts a flow chart of an embodiment of a
method for monitoring biometric signals of a user;

[0021] FIGS. 11A-11B depict examples of portions of an
exercise-monitoring application in a method and/or system
for monitoring biometric signals of a user; and

[0022] FIG. 12 depicts an embodiment of a portion of a
system for monitoring biometric signals of a user.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0023] The following description of the preferred embodi-
ments of the invention is not intended to limit the invention to
these preferred embodiments, but rather to enable any person
skilled in the art to make and use this invention.

1. System

[0024] As shown in FIGS. 1 and 2, an embodiment of a
system 100 for monitoring biometric signals of a user com-
prises: a garment 105; a set of biometric sensors 120 coupled
to the garment and configured to receive biometric signals
indicative of muscle activity of the user; and a control module
130 comprising a housing 140, a set of contacts 150 config-
ured to couple to an array of connection regions 115 that
enable signal transmission from the set of biometric sensors,
and an electronics subsystem 160 in communication with the
set of contacts. In some embodiments, the system 100 can
further comprise one or more of: a mounting module no
coupled to the garment and providing the array of connection
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regions; and a processing subsystem 170 configured to com-
municate with the electronics subsystem 160 and generate
analyses based upon biometric signals detected by way of the
set of biometric sensors.

[0025] The system 100 functions to position a set of bio-
metric sensors at desired regions of a user’s body, in order to
detect biometric signals generated during physical activity of
the user. The system 100 also functions to process detected
biometric signals and to provide information derived from the
processed biometric signals to the user performing a physical
activity in substantially near real time, such that the user can
gain insights into how to maintain or improve performance of
the physical activity in a beneficial manner. In variations, the
system 100 is configured to detect and process bioelectrical
signals generated at a set of regions of the body of a user who
is exercising (e.g., performing aerobic exercise, performing
anaerobic exercise), and to present analyses in a visual man-
ner (e.g., graphic manner, textual manner) by way of an
application executing at an electronic device having a display.
As such, bioelectrical signals detectable, processable, and/or
analyzable by the system 100 can include any one or more of:
electromyograph (EMG) signals, electrocardiography (ECG)
signals, electroencephalograph (EEG) signals, magnetoen-
cephalograph (MEG) signals, galvanic skin response (GSR)
signals, electrooculograph (EOG) signals, and any other suit-
able bioelectrical signal of the user. The system 100 can,
however, be configured to detect, process, and/or analyze any
other suitable biosignal data of the user, including one or
more of: heart rate data, movement data, respiration data,
location data, environmental data (e.g., temperature data,
light data, etc.), and any other suitable data.

[0026] In one embodiment, the system 100 can be config-
ured to aggregate a combination of one or more of the bio-
metric factors described above, and to determine and output a
variety of metrics associated with the user’s exercise activity.
These metrics can provide the user with insights pertaining to
his’/her muscle exertion, muscle balance, exercise form,
potential to incur injuries (e.g., acute injuries, chronic inju-
ries), muscle fatigue, activity levels, muscle recovery behav-
ior, exercise regimen parameters (e.g., types of exercise, sets
of an exercise, repetitions of an exercise, etc.), and/or any
other suitable exercise- or health-related factor.

[0027] The system 100 is preferably configured to be used
by a user who is away from a research or clinical setting, such
that the user is interfacing with a portion of the system 100
while he or she undergoes periods of activity in a natural
setting (e.g., at a gym, outdoors, etc.). The system 100 can
additionally or alternatively be configured to be operated by a
user who isina research setting, a clinical setting, or any other
suitable setting. The system 100 is preferably configured to
perform at least a portion of the method 200 described in
Section 2 below; however, the system 100 can additionally or
alternatively be configured to perform any other suitable
method.

[0028] The garment 105 functions to position a set of bio-
metric sensors proximal a set of body regions of the user, in
order to enable detection of biometric signals from specific
body regions of the user as the user is performing a form of
physical exercise. The garment 105 can thus provide a means
for providing close coupling and/or consistent placement of
the set of biometric sensors at the body of the user. As such,
the garment can be a form-fitting garment that provides a
biasing force on the set of biometric sensors 120 described
below, in order to promote close coupling between the set of

May 28, 2015

biometric sensors 120 and desired portions of the body of the
user. The garment can thus include a stretchable and/or com-
pressive fabric comprising natural and/or synthetic fibers
(e.g., nylon, lycra, polyester, spandex, etc.) to promote cou-
pling (i.e., electrical coupling, mechanical coupling) and/or
reduce motion artifacts that could otherwise result from rela-
tive motion between the skin of the user and the sensors of the
set of biometric sensors 120. In examples, the garment 105
can include any one or more of: a top (e.g., shirt, jacket, tank
top, etc.), bottom (e.g., shorts, pants, etc.), elbow pad, knee
pad, arm sleeve, leg sleeve, socks, undergarment, neck wrap,
glove, and any other suitable wearable garment. In some
embodiments, the system 100 can comprise an embodiment
of the garment described in U.S. application Ser. No. 14/079,
629 entitled “Wearable Architecture and Methods for Perfor-
mance Monitoring, Analysis, and Feedback™ and filed on 13
Nov. 2013, which is herein incorporated in its entirety by this
reference. However, the system 100 can alternatively com-
prise any other suitable garment.

[0029] In providing close coupling between the set of bio-
metric sensors, as described below, and the body of the user,
the garment 105 preferably comprises a plurality of conduc-
tive regions 106, as shown in FIG. 3A, configured to contact
the set of body regions of the user from which biometric
signal detection is desired, when the garment is worn by the
user. As such, the plurality of conductive regions 106 can
facilitate biometric signal transduction to the set of biometric
sensors 120 described below. Preferably, the plurality of con-
ductive regions 106 includes volumes of a conductive mate-
rial that is integrated into the garment, wherein the conductive
material is flexible, has good fatigue resistance, and is bio-
compatible (e.g., does not induce an allergic response, does
not promote harboring of bacteria, etc.). The plurality of
conductive regions 106 preferably also provide direct inter-
faces with the skin ofthe user when the garment is worn by the
user, in order to facilitate electrical coupling with low imped-
ance. However, in alternative variations, the plurality of con-
ductive regions 106 can alternatively not directly contact skin
of the user, but be configured to electrically couple to the user
by way of an electrical coupling medium (e.g., saline, sweat,
electrolyte medium, etc.) transmitted by way of the garment
105 or the user. In variations, the plurality of conductive
regions 106 can include a conductive resin or silicone mate-
rial formed directly onto a surface of the garment 105 facing
the skin of the user, when the garment 105 is worn by the user,
in order to facilitate signal transduction from the user to the
set of biometric sensors 120 of the system 100. However, the
conductive material can alternatively comprise any other suit-
able material and/or be configured in any other suitable man-
ner.

[0030] The set of biometric sensors 120 is preferably
coupled to the garment and configured to receive biometric
signals indicative of muscle activity of the user. As such, the
set of biometric sensors 120 function to detect bioelectric
potentials (i.e., biopotentials) from body regions of the user,
which vary according to different states of activity ofthe user.
The set of biometric sensors 120, as described above, are
preferably incorporated with or otherwise coupled to the plu-
rality of conductive regions 106 of the garment 105; however,
the set of biometric sensors 120 can include one or more
biometric sensors that are configured to couple to the user in
any other suitable manner (e.g., without involvement of the
garment 105, without involvement of a plurality of conduc-
tive regions 106 of the garment 105).



US 2015/0148619 Al

[0031] The set of biometric sensors 120 preferably include
electromyography (EMG) electrodes configured to acquire
biopotential signals resulting from muscle activity of the user.
However, in some variations, the set of biometric sensors 120
can additionally or alternatively include any one or more of:
respiration sensors (e.g., sensors that operate according to
plethysmography), galvanic skin response (GSR) sensors,
temperature sensors, accelerometers (e.g., single axis accel-
erometers, multi-axis accelerometers), gyroscopes (e.g.,
single axis gyroscopes, multi-axis gyroscopes) global posi-
tioning system (GPS) sensors, vibration sensors, bioimped-
ance sensors, bend-angle measurement sensors, electrocat-
diography (ECG) sensors, sensors indicative of other
cardiovascular parameters (e.g., pulse oximetry sensors,
blood pressure sensors), and any other suitable type of sensor.
As such, the set of biometric sensors 120 can detect biosignals
indicative of one or multiple types of biological/physiological
responses to activity of a user, in providing information rel-
evant to exercise behavior of the user.

[0032] Preferably, the type, number, and positioning of the
set of biometric sensors is dependent upon the type(s) of
garment(s) 105 included in the system 100. Additionally, for
anatomical regions having contralateral pairs, the set of bio-
metric sensors 120 preferably includes pairs of sensors, each
pair including a first sensor at a first body region and a second
sensor at a second body region that is a contralateral region to
the first body region. In one variation, as shown in FIG. 3B,
for a garment 105 that has a form factor of a top (e.g., shirt,
tank top, etc.), the set of biometric sensors 120 can include a
set of EMG electrodes configured to be positioned at desired
locations when the garment 105 is worn by the user, and can
additionally or alternatively include one or more of a heart
rate sensor and a respiratory sensor. In one example of this
variation, the set of EMG electrodes include electrodes con-
figured to be positioned proximal one or more of: the pecto-
ralisis muscles, the abdominal muscles, the oblique muscles,
the trapezius muscles, the rhomboid muscles, the teres major
muscles, the latissimus dorsi muscles, the deltoid muscles,
the biceps muscles, and the triceps muscles when the garment
105 is worn by the user. In the example, the set of biometric
sensors can further include aheart rate sensor configured to be
positioned proximal the heart region of the user, and/or a
respiratory sensor configured to encircle at least a portion of
the torso of the user (i.e., to facilitate plethysmography) when
the garment 105 is worn by the user. Variations of the example
of the garment 105 configured as a top with biometric sensors
can, however, be configured in any other suitable manner
(e.g., a tank top garment can omit sensors positioned proxi-
mal the triceps and the biceps muscles).

[0033] In another variation, as shown in FIGS. 3C and 3D,
for a garment 105 that has a form factor of a bottom (e.g.,
shorts, pants, etc.), the set of biometric sensors 120 can
include a set of EMG electrodes configured to be positioned
at desired locations when the garment 105 is worn by the user.
In one example of this variation, the set of EMG electrodes
include electrodes configured to be positioned proximal one
or more of: the gluteus maximus muscles, the gluteus medius
muscles, the vastus lateralis muscles, the gracilis muscles, the
semimembranosus muscles, the semitendinosis muscles, the
biceps femoris, the quadriceps muscles, the soleus muscles,
the gastrocnemius muscles, the rectus femoris muscles, the
sartorius muscles, the peroneus longus muscles, and the
adductor longus muscles when the garment 105 is worn by the
user. Variations of the example of the garment 105 configured
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as a bottom with biometric sensors can, however, be config-
ured in any other suitable manner.

[0034] In alternative embodiments, the set of biometric
sensors 120 can be supplemented with a set of supplementary
sensors 125 configured to detect one or more aspects associ-
ated with an environment of the user. In variations, the set of
supplementary sensors 125 can include one or more of’ envi-
ronmental temperature sensors, altimeters, oxygen content
sensors, air quality sensors, near field communication (NFC)
sensors (e.g., configured to detect a nearby device or piece of
exercise equipment having a corresponding NFC element),
and any other suitable supplementary sensor that can enrich
the data acquired from user and/or the environment of the
user.

[0035] The control module 130 comprises a housing 140
and a set of contacts 150 configured to couple to an array of
connection regions 115 in electrical communication with the
set of biometric sensors 120, which enable signal transmis-
sion from the set of biometric sensors to the control module
130. The control module 130 preferably also includes an
electronics subsystem 160 in communication with the set of
contacts 150, wherein the electronics subsystem 160 facili-
tates signal reception, signal conditioning, signal transmis-
sion, and power distribution for the system 100. The control
module 130 thus functions to control signal reception, pre-
processing, and transmission to a processing subsystem, and
to physically protect/isolate sensitive elements (e.g., elec-
tronics) of the system 100. The control module 130 is pref-
erably configured to be a portable control module that can
removably couple to the garment 105 and set of biometric
sensors 120 in cooperation with a mounting module no ofthe
garment 105, as described below. As such, the control module
130 can be configured to be uncoupled from the garment by
the user (or another entity) when desired (e.g., during charg-
ing, during washing of the garment, during battery replace-
ment, etc.). However, the control module 130 can alterna-
tively be configured to semipermanently couple to the
garment 105, such that it is not desirable for the user to
remove the control module 130 from the garment.

[0036] The housing 140 functions to house and protect the
electronics subsystem 160 over the lifetime of use of the
system 100 by a user, and can further function to enhance
wearability of the system. The housing 140 is preferably
composed of a rigid material (e.g., a rigid plastic material, a
metal, etc.), such that the housing 140 does not deform in
response to normal forces, shear stresses, bending stresses, or
torsional stresses induced during use of the system 100. Alter-
natively, the housing 140 can be flexible to facilitate mainte-
nance of compliance with a user as the user performs a physi-
cal activity. In variations wherein the housing 170 is flexible,
other elements of the system 100 can also be flexible (e.g., the
electronics subsystem can comprise a flexible thin film bat-
tery, the electronics subsystem can comprise flexible elec-
tronics, etc.) to facilitate compliance with the body of a user.
In a specific example, the housing is composed of a polycar-
bonate/acyrlonitrile butadiene styrene (ABS) blend; how-
ever, variations of the specific example can alternatively be
composed of only polycarbonate, only ABS, or any other
suitable material.

[0037] The housing 140 preferably has a profile that does
not protrude a significant distance from the body of the user
when the garment 105 is worn by the user. As such, the
housing 140 preferably has a low aspect ratio that contributes
to a thin form factor of the control module 130. However, the
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housing 140 can alternatively define a volume with a high
aspect ratio. Preferably, the external surface of the housing
140 s substantially smooth and has rounded edges, in order to
avoid damaging the garment 105 during motion of the user.
Furthermore, the housing 140 can define a substantially
polygonal footprint (i.e., triangular footprint with rounded
edges, a quadrilateral footprint with rounded edges, a pen-
tagonal footprint with rounded edges, a hexagonal footprint
with rounded edges, etc.), or can alternatively define one or
more of a circular footprint, an ellipsoidal footprint, and an
amorphous footprint. In one example, as shown in FIG. 4B,
the housing 140 defines an ellipsoidal footprint and has a
thickness substantially below 2 cm, aheight below 10 cm, and
awidth below 6 cm, in order to produce a smooth form factor
with a low aspect ratio. In a specific example, as shown in
FIG. 4B, the housing 140' has an ellipsoidal footprint with an
overall thickness of 11 mm, a shell thickness of 1.4 mm, a
width of 34 mm, and a height of 62 mm. Variations of the
example of the housing can, however, be configured in any
other suitable manner, as shown in FIG. 4A.

[0038] The housing 140 preferably forms a shell about
internal components of the control module 130, and prefer-
ably has a first housing surface 141 facing the body of the user
when the control module 130 interfaces with the user and a
second housing surface 142 facing away from the body of the
user when the control module 130 interfaces with the user, an
example of which is shown in FIG. 4B. The first housing
surface 141 and/or the second housing surface 142 can com-
prise a concave surface or a convex surface, in interfacing
with the garment or the body of the user. Furthermore,
depending upon the intended position of the control module
130relative to the garment 105 and/or the body of the user, the
first housing surface 141 and/or the second housing surface
142 can define surfaces that are configured to conform to the
body of the user upon coupling of the system 100 to the user.
The first housing surface 141 and the second housing surface
142 can be coupled together using a hermetic sealing element,
including one or more of: an adhesive, a compliant sealing
material (e.g., putty), an o-ring, an x-ring, any other suitable
ring, and/or any other suitable sealing element. As such, an
interface between the firsthousing surface 141 and the second
housing surface 142 can be configured to be waterproof and/
or machine-washable in order to protect aspects ofthe control
module 130. In the specific example shown in FIG. 4B, the
firsthousing surface 141 has an articulated surface configured
to promote tactility, and ports that allow light transmission
(e.g., from indicator LEDs) to inform the user regarding one
or more statuses of the system 100 (e.g., proper coupling
relative to other elements of the system 100, an active con-
figuration of the control module 130, an inactive configura-
tion of the control module 130, a charging status of the system
100, a calibration status of the system 100, etc.).

[0039] Thehousing 140 preferably has an array of openings
143 defined at one or more of the first housing surface 141 and
the second housing surface 142, wherein the array of open-
ings 143 provides access for a set of contacts 150 configured
between the electronics subsystem 160 and an array of con-
nection regions 115, as described in further detail below.
Preferably, the array of openings 143 is defined entirely at the
first housing surface 141; however, in alternative variations,
the array of openings 143 can be defined at both the first
housing surface 141 and the second housing surface 142, or at
only the second housing surface 142. The array of openings
143 can comprise a rectangular array of openings; however,
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the array of openings 143 can alternatively be configured in
any other suitable manner (e.g., as a citcular array of open-
ings, as an ellipsoidal array of openings, as a polygonal array
of openings, as an amorphous array of openings, etc.). Each
opening inthe array of openings 143 can be a circular opening
or can alternatively be a non-circular opening. Furthermore,
each opening in the array of openings 143 is preferably iden-
tical to every other opening in the array of openings 143 in
morphology; however, the array of openings 143 can alterna-
tively comprise non-identical openings. In a specific
example, as shown in FIG. 4B the array of openings 143
includes 42 identical circular openings arranged in a 7x6
rectangular array, each opening having a diameter of 3 mm
and an inter-opening spacing of 1.5 mm; however, variations
of the specific example of the array of openings 143 can be
configured in any other suitable manner.

[0040] The set of contacts 150 functions to facilitate cou-
pling between the electronics subsystem 160 of the control
module 130 and an array of connection regions 115, by way of
the array of openings 143 of the housing 140 described above.
As such, the set of contacts 150 comprise electrically conduc-
tive contacts that facilitate reception of biosignals from the set
of biometric sensors 120 of the system 100. Preferably, the set
of contacts 150 comprises contacts composed of an electri-
cally conductive, elastic, and compliant material (e.g., elec-
trically conductive silicone, electrically conductive polymer,
etc.) that facilitates maintenance of electrical communication
between the set of biometric sensors 120 and the electronics
subsystem 160 during motion of the user. In one example, the
conductive polymer used in the set of contacts comprises an
ether-based conductive thermoplastic polyurethane material;
However, the set of contacts 150 can alternatively comprise
one or more contacts composed of an electrically conductive,
but non-elastic or non-compliant material (e.g., a metallic
material).

[0041] As shown in FIG. 5B, each contact in the set of
contacts 150 preferably includes a first region 151 that
extends through at least one opening of the array of openings
143 of the housing 140, and a second region 152 that couples
to a portion of the electronics subsystem 160 configured for
signal reception/conditioning. The first region 151 of each
contact in the set of contacts 150 preferably hermetically
seals at least one opening in the array of openings 143 of the
housing 140, in order to prevent fluids (e.g., water, sweat)
from seeping into the housing and potentially damaging the
electronics subsystem 160, which is otherwise accessible
through the array of openings 143. As such, the housing 140
of the control module 130 is preferably configured to be
waterproof and/or machine-washable, due to the configura-
tion of the set of contacts 150 in relation to the housing 140.
The first region 151 of each of the set of contacts 150 can thus
be over-molded on the housing 140 at least at one opening of
the array of openings 143, and the second region 152 can be
over-molded onto or otherwise coupled to a desired region of
the electronics subsystem 160, which is internal to the hous-
ing 140 of the control module 130. Each contact in the set of
contacts 150 is preferably associated with an opening of the
array of openings 150 in a one-to-one manner; however, the
set of contacts 150 and the array of openings 143 can alter-
natively be configured in a less-than-one-to-one or a more-
than-one-to-one manner.

[0042] Inrelation to the configuration of the set of contacts
150, the contacts can each be assigned to and facilitate signal
reception from a corresponding biometric sensor of the set of
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biometric sensors 120. Additionally, in some configurations,
each contact and biometric sensor can be associated with a
companion contact and biometric sensor to facilitate detec-
tion of a signal differential (i.e., a biopotential difference)
across two paired biometric sensors. As such, the control
module 130 can utilize signals from paired sensors in mea-
suring a biopotential difference, thereby enabling determina-
tion of one or more metrics associated with muscle/exercise
activity. In a first variation, the set of contacts 150 can be
arranged according to pins on corresponding circuitry of the
electronics subsystem 160. In the first variation, as shown in
FIG. 5A, the set of contacts 150' can be arranged in a sym-
metrically opposing arrangement about any suitable axis of
symmetry (e.g., a diagonal axis of symmetry defined by the
array of openings 143 of the housing, a horizontal axis of
symmetry defined by the array of openings 143 of the hous-
ing, a vertical axis of symmetry defined by the array of open-
ings 143 of the housing, etc.). In an example of the first
variation, contact 1 A, as shown in the top left corner of the set
of contacts shown in FIG. §A, can be paired with contact 1B
in the bottom right corner of the set of contacts 150, in
facilitating detection of a first biopotential difference deter-
mined from two paired biometric sensors. In the example, the
set of contacts 150 further comprises contacts associated with
paired heart rate/respiratory signal detection sensors, ground
pins of the electronics subsystem 160, and identification pins
of the electronics subsystem 160.

[0043] In asecond variation, as shown in FIG. 6, the set of
contacts 150" can be arranged such that associated pairs of
contacts are positioned proximal to each other. In an example
of the second variation, contact 1A, as shown in the top left
corner of the set of contacts shown in FIG. 6, can be paired
with contact 1B just below contact 1A (in the orientation
shown in FIG. 6), in facilitating detection of a first biopoten-
tial difference determined from two paired biometric sensors.
In the example, the set of contacts 150 further comprises
contacts associated with paired heart rate/respiratory signal
detection sensors, ground pins of the electronics subsystem
160, and identification pins of the electronics subsystem 160.

[0044] Variations of the first and the second variations of
contact configurations can comprise any other suitable com-
bination of symmetrically opposing arrangements of paired
contacts and proximal placement of paired contacts. For
instance, a portion of paired contacts associated with biomet-
ric sensors can be proximally placed, while other contacts
(e.g., contacts associated with identification pins, contacts
associated with ground pins, etc.) can be arranged in a sym-
metrically opposing arrangement.

[0045] In any of the above contact configurations, and for
control modules 130 with housings 140 that can be coupled
with the garment 105 in multiple orientations (e.g., for a
control module 130 that has a housing 140 with at least one
axis of symmetry), the control module can be configured to
utilize the contact configuration(s) and any other suitable data
(e.g., accelerometer data, gyroscope data) in order to detect
the orientation of the control module relative to the garment
105, and to adapt signal reception and processing functions
accordingly. As such, the control module 130 can be config-
ured to operate properly regardless of how the control module
is coupled with the garment 105. Thus, a user would not need
to ensure that the control module 130 is coupled with the
garment 105 according to a specific orientation (e.g., based
upon alignment marks on the control module, based upon
asymmetry of the control module, etc.). Additionally, the
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control module 130 and contact configurations can have asso-
ciated firmware to facilitate correct mapping between the set
of contacts 150 and the set of biometric sensors 120 in a
desired manner. For example, using the contact configuration
shown in FIG. 6, signals X and Y can be received by way of
contacts 1 A and 1B in a first orientation of the control module
130, but if the control module is positioned “upside-down” in
a second orientation, firmware can adapt signal reception and
processing of the control module to receive signals X and Y
by way of contacts 14B and 14A, respectively. As such, in the
example, the control module 130 can be configured to
dynamically modify the contact mapping in order to property
attribute signals X and'Y to the correct muscle group or set of
biometric sensors. Alternatively, the control module 130 and/
or housing 140 can be configured to couple with the garment
105 in only a single orientation (e.g., based upon markings,
based upon asymmetry in the control module 130 or housing,
etc.), such that the control module 130 does not require firm-
ware that enables adaptive coupling.

[0046] The electronics subsystem 160 is configured to be in
electrical communication with the set of contacts 150, and
functions to facilitate signal reception, signal conditioning,
signal transmission, and power distribution for the system
100. The electronics subsystem 160 is preferably housed
within an internal portion of the housing 140 of the control
module 130, in order to be isolated from mechanisms that
could damage the electronics subsystem 160; however, the
electronics subsystem 160 can alternatively be configured in
any other suitable manner. The electronics subsystem 160
preferably comprises a power module 161, a supplementary
sensing module 163, a signal conditioning module 165, a
communication interface 167, and memory 169; however, the
electronics subsystem 160 can additionally or alternatively
include any other suitable element(s) that enrich acquired
data and/or facilitate conditioning or processing of signals
from the user as the user performs a physical activity.

[0047] The power module 161 of the electronics subsystem
160 functions to provide regulated and unregulated electrical
power to the system 100 and to allow power storage for the
system 100. The power module 161 preferably comprises a
rechargeable battery 162 (e.g., a lithium-ion battery, nickel-
cadmium battery, metal halide battery, nickel metal hydride
battery, lithium-ion polymer battery, etc.); however, the
power module 161 can alternatively comprise a non-re-
chargeable battery (e.g., alkaline battery) that can be replaced
to further enhance modularity in the system 100. Preferably,
the power module 161 is configured to have a profile with a
low aspect ratio, contributing to a thin form factor of the
control module 130/housing 140. However, the power mod-
ule 161 can be configured to have any other suitable profile
such that the power module 161 provides adequate power
characteristics (e.g., cycle life, charging time, discharge time,
etc.) for the system 100.

[0048] In variations where the battery 162 of the power
module 161 is rechargeable, the electronics subsystem 160
can also comprise a coil of wire and associated electronics
that function to allow inductive coupling of power between an
external charging element 62 and the power module 161, as
shown in FIGS. 1 and 9A-9B. The charging coil preferably
converts energy from an alternating electromagnetic field
(e.g., provided by a charging dock or other adapter), into
electrical energy to charge the battery 162 and/or to power the
system 100. Inductive charging allows electrical isolation
between the external charging element 62 and internal elec-
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tronics of the electronics subsystem 160 to promote user
safety and convenience in interfacing with the system 100.
Inductive charging provided by the charging coil thus also
facilitates user mobility while the user interacts with the
system 100, such that the user can perform a wide range of
physical activities while having his/her biometric signals
monitored by the system 100. In alternative variations, how-
ever, the charging coil can be altogether omitted (e.g., in
variations without a rechargeable battery), or replaced or
supplemented by a connection (e.g., USB connection) con-
figured to provide wired charging of a rechargeable battery.

[0049] The supplementary sensing module 163 functions
to facilitate acquisition of additional data from the user, which
can be used to trigger control of aspects of signal acquisition
and/or analysis generation by the control module 130. As
such, not all sensors of the system 100 may be separate from
the control module 130. The supplementary sensing module
163 preferably includes a set of supplementary sensors 164
configured to detect one or more aspects associated with
motion of the user and/or an environment of the user. In
variations, the set of supplementary sensors 125 can include
one or more of: an accelerometer (e.g., a single axis acceler-
ometer, a multi-axis accelerometer), a gyroscope (e.g., a
single axis gyroscope, a multi-axis gyroscope), a GPS mod-
ule, environmental temperature sensors, altimeters, oxygen
content sensors, air quality sensors, near field communication
(NFC) sensors (e.g., configured to detect a nearby device or
piece of exercise equipment having a corresponding NFC
element), and any other suitable supplementary sensor that
can enrich the data acquired from user and/or the environment
ofthe user. In one example, accelerometers of the supplemen-
tary sensing module 163 can be used to detect a type of
physical activity (e.g., cardio exercise, weight training exet-
cise, etc.) performed by the user, and/or can be used during
signal processing to remove motion-produced artifacts from
signals being processed. The supplementary sensing module
163 can, however, comprise any other suitable sensors and be
configured relative to the electronics subsystem 160 in any
other suitable manner.

[0050] The signal conditioning module 165 functions to
preprocess signals detected and received using the set of
biometric sensors and/or sensors of the supplementary sens-
ing module 163, thereby producing conditioned data prior to
processing. In variations, the signal conditioning module 165
can comprise elements configured to perform any one or more
of: filtering (e.g., using a low pass filter, a high pass filter, a
band-pass filter, a notch filter, etc.), smoothing, clipping,
deconvolving, detrending/offsetting, standardizing, resam-
pling, hard-binding, predicting, windowing, and any other
suitable data conditioning process upon any signals received
from the set of biometric sensors 120. The signal conditioning
module can thus comprise one or more of: filters, amplifiers,
analog-to-digital converters (ADCs), digital-to-analog con-
verters (DACs), signal multiplexers, and any other suitable
elements for conditioning signals received from biometric
sensors and supplementary sensors.

[0051] The communication interface 167 preferably com-
prises hardware and/or software elements configured to
facilitate communication of information between the set of
biometric sensors 120 and the control module 130, and/or
communication of information between the control module
130 and one or more separate devices (e.g., a processing
subsystem, a mobile computing device of the user, etc.). As
such, the communication interface 167 can function as a data
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link that provides a means for communications to and from
the control module 130 over a network. The network can
comprise any suitable network used for communication
between electronic devices. The network can include a wire-
less and/or a wired connection between devices. In examples
of wireless connections, the network associated with the com-
munication interface 167 can include any one or more of: a
local area network (LAN), a wireless LAN (WLAN), a Blue-
tooth network (e.g., a Bluetooth Low Energy network), a
municipal area network (MAN), a wide area network (WAN),
the internet, and any other suitable network. Furthermore, in
some variations, the communication interface 167 can
include features that provide security in information commu-
nication. For example, cryptographic protocols such as Dif-
fie-Hellman key exchange, Wireless Transport Layer Secu-
rity (WTLS), or any other suitable type of protocol may be
used. The data encryption may also comply with standards
such as the Data Encryption Standard (DES), Triple Data
Encryption Standard (3-DES), or Advanced Encryption Stan-
dard (AES).

[0052] In wired variations of the communication interface
167, the communication interface can implement any one or
more of an audio jack connection (e.g., AUX cable), a USB
connection, a parallel port, a serial port, an ethernet adapter,
an IEEE 1394 bus interface, a small computer system inter-
face (SCSI) bus interface, an infrared (IR) communication
port, and any other suitable wired or hardware connection. In
this variation, the communication interface 167 can commu-
nicate with other devices over a network using one or more of:
inter-integrated circuit communication (I12C), one-wire, mas-
ter-slave, or any other suitable communication protocol.
However, the communication interface 167 can transmit data
in any other way and can include any other type of wired
connection that supports data transfer between the electronics
subsystem 160, external devices, and/or any other suitable
computing element.

[0053] The memory 169 functions to retain data from sig-
nals received at the electronics subsystem 160. As such, upon
receiving signals from the set of biometric sensors 120, the
electronics subsystem 160 of the control module 130 can thus
facilitate storage of biometric data (e.g., conditioned data
from biopotential signals, unconditioned data from biopoten-
tial signals) within memory of the electronics subsystem 160.
The memory 169 can comprise processor-readable medium
including any one or more of: random access memory
(RAM), read-only memory (ROM), non-volatile random
access memory (NVRAM), programmable read-only
memory (PROM), erasable programmable read-only
memory (EPROM), electrically erasable PROM (EEPROM),
flash memory, magnetic or optical data storage, registers, and
any other suitable storage element. Preferably, data from the
memory 169 is automatically transmitted to any appropriate
external device, over a network, substantially continuously
(e.g., every second, every millisecond, etc.); however, data
from the data storage unit 180 can alternatively be transmitted
intermittently (e.g., every minute, hourly, daily, or weekly). In
one example, data generated by any element of the system
100 may be stored in memory 169 when the communication
interface 167 is not actively coupled to an element external to
the electronics subsystem 160 over the network. However, in
the example, when a link is established between the commu-
nication interface 167 and an external element, data may then
be automatically transmitted from memory 169. In other
examples, the memory 169 can additionally or alternatively
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be manually prompted to transmit stored data, when
prompted by a user or other entity.

[0054] The control module 130 can, however, include any
other suitable elements, including input devices (e.g., key-
board, mouse, microphone, remote control, button, joystick,
trackball, touchpad, optical sensor), wherein the input device
(s) can receive input from another device, and output devices
(e.g., displays, projectors, speakers, tacticle devices, network
cards, wireless transmitters, infrared transmitters, lights, etc.)
that convey information to a user, as shown in F1G. 12. For
instance, an output device associated with the control module
130 can display a graphical user interface (GUI) that facili-
tates user interaction. Such a display can utilize any suitable
image projection technology, such as a cathode ray tube
(CRT), liquid crystal display (LCD), light-emitting diode
(LED), gas plasma, electroluminescence, or any other suit-
able image projection technology.

[0055] In relation to coupling between the control module
130 and the garment 105, the system 100 can also include a
mounting module no, as shown in FIGS. 7A and 7B, that
receives the control module 130 in order to facilitate coupling
of the control module 130 to the garment 105 in a reversible
and repeatable manner. The mounting module 110 thus pref-
erably provides an array of connection regions 115, which
function to facilitate electrical coupling between the set of
biometric sensors 120 and the set of contacts 150 of the
control module 130 in a first configuration 101. As such, the
garment 105 can also function to serve as a substrate for
facilitating electrical coupling between the set of biometric
sensors and the mounting module 115. In variations, the
mounting module no and/or the garment 105 can include any
one or more of: slots, pouches, ports, bases, pathways, chan-
nels, cradles, and any other suitable feature by which the set
of biometric sensors and/or control module 130 can be per-
manently or removably coupled to each other and/or to the
mounting module 110 or the garment 105. Furthermore, the
garment 105 can include conductive leads (e.g., wires, con-
ductive filaments) passing along and/or throughout the gar-
ment 106 to enable signal transmission between the mounting
module no and the set of biometric sensors 120 (e.g., by way
ofthe plurality of conductive regions 106 of the garment 105).
Alternatively, the garment 105 or any other element of the
system 100 can be configured to facilitate wireless commu-
nication between the set of biometric sensors 120 and the
control module 130. In one such example, the garment 105
and other elements of the system 100 can be configured
according to an embodiment, variation, or example described
in U.S. Application No. 62/071,781, entitled “Biometric
Monitoring Garment™ and filed on 10 Nov. 2014.

[0056] The mounting module 110 thus functions to provide
an electrical and mechanical interface between the control
module 130 and the set of biometric sensors 120 of the gar-
ment 105, in facilitating signal transmission in a robust man-
ner as the user performs a physical activity. In producing a
robust electrical and mechanical interface, the mounting
module no can comprise a set of layers 111 coupled to each
other and/or to a surface of the garment 105, wherein the set
of layers provide a biasing force that maintains contact
between the set of contacts 150 of the control module and the
array of connection regions 115 of the mounting module no.
In generating the biasing force, the set of layers 111 can
include one or more of elastic layers (e.g., elastic fabrics),
compliant layers (e.g., foam layers), and substantially rigid
layers (e.g., layers that are configured to accommodate the
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control module 130 in a press-fit or snap-fit manner). As such,
the mounting module 110 provides a robust electromechani-
cal connection between the control module 130 and the array
of connection regions 115 of the mounting module 110 in a
first configuration 101, and enables decoupling of the control
module 130 from the mounting module 110 in a second
configuration.

[0057] Inoneexample, as shownin FIG. 8A, the mounting
module no comprises: a fabric layer 112 affixed to the gar-
ment 105 and defining a receiving pocket for the control
module 130, wherein the fabric layer 112 has an elastic open-
ing 113 that accommodates reception of the control module
130 and exposes one or more indicator LEDs of the control
module 130; a cradle 114 deeper than the fabric layer 112 and
comprising the array of connection regions 115 that couple to
the set of biometric sensors 120; a foam ring 116 at least
partially surrounding the cradle 114 and deeper than the fab-
ric layer 112, wherein the foam ring 116 functions to provide
stability to a control module 130 seated within the fabric layer
112 at the cradle 114, and can further function to protect the
user from the rigidity of the cradle as well as shielding regions
where sensor leads are coupled to the cradle 114; a first tape
ring 117 surrounding at least a portion of the elastic opening
113 of the fabric layer 112; and a second tape ring 118
surround at least a portion of the periphery of the fabric layer
112, wherein the first tape ring 117 and the second tape ring
118 function to provide structural integrity to the fabric. The
mounting module no can, however, comprise a configuration
such as that described in U.S. Provisional Application Ser.
No. 62/013,405 filed 17 Jun. 2014, and/or U.S. Provisional
Application Ser. No. 62/016,373 filed 24 Jun. 2014, both
entitled “Biometric Monitoring System”. Additionally or
alternatively, variations of the mounting module 110 can
comprise combinations of any of the above variations and
examples, or any other suitable configuration of a mounting
module.

[0058] In the example, and with regard to the cradle 114,
the cradle 114 is preferably composed ofa rigid material (e.g,,
rigid plastic) having the array of connection regions 115
arranged in a configuration that is complementary to the set of
contacts 150 of the control module no. As such, in the
example, the array of connection regions 115 comprises a 7x6
array of circular connection regions configured to couple with
the 7x6 array of circular contacts of the control module 130.
In the example, each connection region of the array of con-
nection regions 115 comprises a conductive silicone rubber;
however, the connection regions can additionally or alterna-
tively be composed of any other suitable material. Similar to
the set of contacts 150, and as shown in FIG. 8B, each con-
nection region in the array of connection regions can have a
first region 16, exposed through a first cradle surface 17
configured to contact the first region 151 of at least one
contact, and a second region 18 in communication with the
first region 16 and configured to couple to a lead proximal a
second cradle surface 19, wherein the lead enables electrical
communication between a connection region of the array of
connection regions 115 and at least one biometric sensor of
the set of biometric sensors 120. As such, each connection
region of the array of connection regions 115 of the mounting
module no can be in communication (e.g., by way of one or
more leads) to one or more corresponding biometric sensors
120, as described above.

[0059] Thus, the set of layers in of the example function
bias the set of contacts 150 of the control module 130 into
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electromechanical communication with the array of connec-
tion regions 115 of the mounting module 110, to enable
reception of biopotential signals from the set of biometric
sensors 120 at the control module 130.

[0060] The location of mounting module no is preferably
dependent upon the type(s) of garment(s) included in the
system 100. For instance, for a garment 105 configured as a
top, the mounting module 110 is preferably located at a posi-
tion that does not interfere with physical activity (e.g., weight
lifting activity) of the user, generate significant signal inter-
ference with one or more of the set of biometric sensors 120,
or interfere with the user/signal reception in any other suitable
manner. In one example, the mounting module no can be
positioned proximal the triceps or biceps muscle of the user,
when the garment 105 is worn by the user. In another
example, the mounting module 110 can be centrally located
between the pectoralis muscles of the user and/or the abdomi-
nal muscles of the user, when the garment 105 is worn by the
user. In another variation wherein the garment 105 is config-
ured as a bottom, the mounting module 110 can be located
proximal the vastus lateralis muscle(s) of the user when the
garment 105 is worn by the user. Additionally or alternatively,
the system 100 can comprise multiple mounting modules no,
such that the control module can be repositioned when the
user is performing different types of physical activity. For
example, a first mounting module positioned at an anterior
portion of the garment 105 can allow the user to comfortably
perform sit-ups or other exercises where the user is lying
face-up, and a second mounting module positioned at a pos-
terior portion of the garment 105 can allow the user to com-
fortably perform exercise where the user is lying face-down.
[0061] As noted earlier with respect to embodiments of the
control module 130 including indicator LEDs, the mounting
module no preferably allows light from the indicator LEDs to
be visualized by the user wearing the garment 105. In one
variation, upon insertion of the control module 130 into the
mounting module no, exposed LED indicators can be acti-
vated (e.g., by the control module 130) in order to indicate
that the control module 130 has been properly seated within
the mounting module 110 and is in a state to receive signals
from the set of biometric sensors 120. As such, in coupling
with the mounting module no, the control module 130 can
perform one or more of: detecting proper seating within the
mounting module 110, determining an orientation of the con-
trol module 130 within the mounting module no, determin-
ing, based upon the orientation of the control module, which
indicator LED(s) are exposed to the user, activating the
exposed indicator LED(s), not activating the unexposed indi-
cator LED(s), and performing any other suitable function.
[0062] While the array of connection regions 115 is
described in relation to the mounting module 110, the array of
connection regions 115 can alternatively be integrated with
the garment 105, in variations of the system 100 wherein the
control module 130 is not configured to be removably cou-
pleable to the garment 105 by way of a mounting module no.
As such, variations of the system 100 can alternatively omit a
mounting module 110 and instead provide direct coupling
between the set of biometric sensors 120 and the control
module 130 without an intermediate mounting module no.
Variations of the system 100 can, however, be configured in
any other suitable manner.

[0063] Additionally or alternatively, the mounting module
110 can comprise a first locking portion that is configured to
interact with a second locking portion on the housing 140 of
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the control module 130, in order to facilitate maintenance of
contact between the set of contacts 150 of the control module
130 and the array of connection regions 115 of the mounting
module no. In one example, the housing 140 of the control
module 130 can define a notch 401 configured to reversibly
couple with a latch 402 of a portion of the mounting module
110, as shown in FIG. 8C. However, the housing 140 of the
control module 130 can be configured to reversibly or irre-
versibly lock with the mounting module no using any other
suitable mechanism, including one or more of a snap fit
mechanism, a press fit mechanism, a magnetic mechanism,
and any other suitable mechanism.

[0064] In some variations, the system 100 can further
include a processing subsystem 170 configured to communi-
cate with the electronics subsystem 160 and generate analy-
ses based upon biometric signals detected by way of the set of
biometric sensors. The processing subsystem 170 is prefer-
ably configured to perform at least a portion of the method
200 described in section 2 below; however, the processing
subsystem 170 can alternatively be configured to perform any
other suitable method. Assuch, the processing subsystem 170
is configured to be in communication with the electronics
subsystem 160 over the network associated with the commu-
nication interface, and can further be configured to be in
communication with an electronic device 180 of the user over
the network. As such, analyses generated using the process-
ing subsystem 170 can be transmitted to the electronic device
180 of the user in order to inform the user regarding his/her
exercise behavior.

[0065] The processing subsystem 170 can comprise any
suitable general purpose processing subsystem, which can
include any one or more of: a central processing unit (CPU),
a microprocessor, a digital signal processor (DSP), a micro-
controller, a cloud-based computing system, a remote server,
a state machine, an application-specific integrated circuit
(ASIC), aprogrammable logic device (PLD), a field program-
mable gate array (FPGA), any other suitable processing
device, and any suitable combination of processing devices
(e.g., a combination of a DSP and a microprocessor, a com-
bination of multiple microprocessors, etc.). For instance, in
some variations, the processing subsystem 170 can be imple-
mented in multiple modules including one or more of a DSP
module of the electronics subsystem 160 having embedded
algorithms, a module executing on a remote server, a module
executing in a cloud-based computing system, and any other
suitable module.

[0066] One or more of the elements of the electronics sub-
system 160 and the processing subsystem 170 can be imple-
mented in coordination with an electronic device 180 of the
user or in proximity to the user, as the user performs physical
activities. For instance, a mobile device and/or a wearable
computing device (e.g., head-mounted computing device,
wrist-mounted computing device, etc.) can implement indi-
cation, processing, and/or analysis provisions of the system
100, in cooperation with other elements of the system 100.
[0067] Additionally or alternatively, the electronic device
180 of the user can facilitate execution of an exercise moni-
toring application, in cooperation with data processing,
analysis generation, and information transmission from other
elements of the system 100. The exercise monitoring appli-
cation can implement hardware and/or software components
used for obtaining activity data from the system 100, and for
performing operations on and analyses of the activity data. In
one variation, the exercise monitoring application can utilize
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the activity data to determine one or more exercise-related
metrics (e.g., total effort output, average heart rate throughout
aworkout, average heart rate throughout a portion of a work-
out, a breakdown of muscle exertion for different muscle
groups, exercise progress-related metrics, etc.) representative
of the user’s exercise behavior, and can additionally or alter-
natively generate a report including the exercise-related met-
rics and present the report to the user within a graphical user
interface (e.g., incorporating a display device, incorporating a
touchscreen device). Thus, the exercise monitoring applica-
tion can allow the user to monitor effectiveness of one or more
exercise activities he/she performs, as well as progress in
aspects of the user’s performance of one or more exercise
activities. In utilizing the GUI provided by the electronic
device 180, the electronic device 180 can be configured to
display a virtual representation of different muscle groups of
the user, and/or a graphic that depicts near-real-time feedback
of muscle activity of the user in association with the virtual
representation of different muscle groups of the user. As such,
exercise-monitoring application executing on the electronic
device 180 can be used to provide near-real-time feedback to
the user as the user is performing a workout regimen.

[0068] Similar to other elements of the system 100, the
electronic device 180 can include a storage module config-
ured to store activity data, performance data, and/or generated
reports within a database. The storage module can be imple-
mented at the electronic device 180 and/or on a remote com-
puting device, and preferably facilitates documentation and
provision of historical exercise information to the user. Simi-
lar to the control module 130, the electronic device 180 can
further include a communication interface that allows the
electronic device to communicate information over the net-
work associated with the control module 130, or any other
suitable network(s). As such, an application executing at the
electronic device 180 can facilitate interaction between the
user and an exercise community. In one example, the appli-
cation can be configured to upload exercise-related metrics,
through a network, to be shared with a community of indi-
viduals with similar fitness interests, goals, or any other suit-
able association with the user, and the user may be able to
obtain exercise advice and/or exercise-related metrics from
the community of individuals to motivate the user according
to his/her goals.

[0069] In expanding upon configurations of an exercise-
monitoring application being executed at the electronic
device 180, the application can be configured to provide a
virtual coaching environment that includes one or more of:
training plans, recovery plans, information regarding compe-
titions (e.g., training regimens configured to prepare the user
for an upcoming competition), instructions for stretching,
instructions for injury prevention, instructions regarding
proper form for conducting an exercise, and any other suitable
coaching functions. Additionally or alternatively, the appli-
cation can be configured to provide alerts to the user based
upon received and processed data. For instance, the applica-
tion can be configured to notify the user or another entity if the
user is focusing too much on a particular exercise or muscle
group (e.g., by visually showing the muscle group(s) that are
overemphasized and recommending other exercises to the
user), orif the user is using a muscle group incorrectly during
an exercise (e.g., if the user is demonstrating poor form).
Additionally or alternatively, the application can provide
comprehensive reports pertinent to the user’s exercise behav-
ior, including one or more of: a muscle breakdown of work
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performed/output for specific muscles; a breakdown of a
score given for a workout, wherein the score can be tracked
over time to monitor progress of the user; a classification of
exercise as cardio-based or strength-based: indications of
muscle atrophy, indications of rehabilitation progress; indi-
cations of fatigue; indications of potential or actual injury;
and any other suitable reported factor. In one example, a
report can provide a percentage of a workout associated with
strength-based exercise vs. a percentage of a workout associ-
ated with cardio-based exercise. In another example, the
report can additionally or alternatively provide a detailed
breakdown of any exercise metric associated with one or
more muscle groups, provided within a virtual display of
various muscle groups. In this example, the application can be
configured to accept a user input of a selection of one or more
muscle groups (e.g., by selecting a portion of the virtual
display of various muscle groups), and to provide relevant
metrics pertaining to the muscle group(s) selected by the user.

[0070] Additionally or alternatively, the application
executing at the electronic device 180 can be configured to
display information directly related to muscle groups the user
is monitoring, and/or to display information associated with
muscle groups that the user is not actively monitoring,
according to information acquired from muscle groups that
the user is monitoring. As such, information from monitored
muscles can be indicative of a problem elsewhere in the user’s
body, and monitored muscle groups can be used to provide
indications or alerts pertaining to other portions of the user’s
body. In one example, monitored muscle groups can generate
an alert that the user is positioning his bicycle seat at too high
of a position, which is adversely affecting non-monitored
muscle groups; in another example, monitored muscle groups
can generate an alert that the user is running in a pigeon-toed
manner, which is adversely affecting non-monitored muscle
groups. The application(s) of the electronic device 180 can,
however, be configured in any other suitable manner.

[0071] Furthermore, the system 100 can include any other
suitable element(s) configured to detect and process biosig-
nals data. Furthermore, as a person skilled in the art will
recognize from the previous detailed description and from the
figures and claims, modifications and changes can be made to
the system 100 without departing from the scope of the sys-
tem 100.

2. Method

[0072] As shown in FIG. 10, an embodiment of a method
200 for monitoring biometric signals of a user comprises: ata
garment configured to be worn by the user, providing a set of
interfaces between the user and a set of biometric sensorsata
set of body regions exhibiting muscle activity, upon coupling
of the garment to the user S210; at a mounting module
coupled to the garment, providing an array of connection
regions in communication with the set of biometric sensors
and configured to couple to a set of contacts of a portable
control module in a first configuration S230; at the portable
control module, receiving a stream of electrical signals
indicative of muscle activity from a subset of muscles of the
user, in the first configuration S230; at the portable control
module, transmitting the stream of electrical signals to a
processing subsystem S240; at the processing subsystem,
transforming the stream of electrical signals into a set of
exercise-related metrics indicative of exercise behavior of the
user S250; and at an electronic device in communication with
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the processing subsystem, providing a report derived from the
set of exercise-related metrics to the user S260.

[0073] The method 200 functions to facilitate positioning
of a set of biometric sensors at desired regions of a user’s
body, in order to detect biometric signals generated during
physical activity of the user. The method 200 also functions to
process detected biometric signals and to provide information
derived from the processed biometric signals to the user per-
forming a physical activity in substantially near real time,
such that the user can gain insights into how to maintain or
improve performance of the physical activity in a beneficial
manner. In variations, the method 200 is configured to detect
and process bioelectrical signals generated at a set of regions
of the body of a user who is exercising (e.g., performing
aerobic exercise, performing anaerobic exercise), and to
present analyses in a visual manner (e.g., graphic manner,
textual manner) by way of an application executing at an
electronic device having a display. As such, bioelectrical sig-
nals detectable, processable, and/or analyzable according to
the method 200 can include any one or more of: electromyo-
graph (EMG) signals, electrocardiography (ECG) signals,
electroencephalograph (FEG) signals, magnetoencephalo-
graph (MEG) signals, galvanic skin response (GSR) signals,
electrooculograph (EOG) signals, and any other suitable bio-
electrical signal of the user. The method 200 can, however, be
configured to detect, process, and/or analyze any other suit-
able biosignal data of the user, including one or more of: heart
rate data, movement data, respiration data, location data,
environmental data (e.g., temperature data, light data, etc.),
and any other suitable data. The method 200 is preferably
implemented at least in part at an embodiment of the system
100 described in Section 1 above; however, the method 200
can alternatively be implemented at any other suitable system
for detection and processing of biometric signals from a user
who is performing a physical activity.

[0074] Block S210 recites: at a garment configured to be
worn by the user, providing a set of interfaces between the
user and a set of biometric sensors at a set of body regions
exhibiting muscle activity, upon coupling of the garment to
the user. Block S210 is preferably implemented at embodi-
ments, variations, and/or examples of the garment and the set
biometric sensors described in Section 1 above; however,
Block S210 can alternatively be implemented using any other
suitable garment with coupled biometric sensors that are con-
figured to detect biopotential signals indicative of muscle
activity of the user. Providing the set of interfaces thus func-
tions to provide and maintain tight coupling between sensing
portions of a set of biometric sensors and desired body
regions of the user as the user performs a physical activity. In
providing the set of interfaces, Block S210 preferably utilizes
conductive materials coupled to the garment and configured
to maintain contact with the skin of the user as the user
exercises; however, Block S210 can produce the set of inter-
faces in any other suitable manner.

[0075] In Block S210, providing the set of interfaces pref-
erably includes generation of interfaces configured to
adequately conduct one or more of electromyography
(EMG) signals, motion signals (e.g., from an accelerometer,
from a gyroscope), respiration signals (e.g., respiration rate,
depth of breath, thoracic variations, inspiratory flow charac-
teristics, expiratory flow characteristics, etc.), galvanic skin
response (GSR) signals, temperature-induced signals, vibra-
tion signals, bioimpedance signals, electrocardiography
(ECG) signals, signals indicative of other cardiovascular
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parameters (e.g., pulse oximetry signals, blood pressure sig-
nals), and any other suitable type of signal. As such, the set of
biometric sensors provided in Block S210 can facilitate
detection of biosignals indicative of one or multiple types of
biological/physiological responses to activity of a user, in
providing information relevant to exercise behavior of the
user.

[0076] Preferably, providing the set of interfaces in Block
S210 is dependent upon the type of garment (e.g., top or
bottom) provided in Block S210. Additionally, for anatomical
regions having contralateral pairs, providing the set of inter-
faces preferably includes providing pairs of interfaces, each
pair including an associated first sensor at a first body region
and an associated second sensor at a second body region that
is a contralateral region to the first body region. In one varia-
tion, for a garment that has a form factor of a top (e.g., shirt,
tank top, etc.), the set of interfaces provided in Block $210
can include interfaces between a set of EMG electrodes and
skin of the user proximal one or more of: the pectoralisis
muscles, the abdominal muscles, the oblique muscles, the
trapezius muscles, the rhomboid muscles, the teres major
muscles, the latissimus dorsi muscles, the deltoid muscles,
the biceps muscles, and the triceps muscles when the garment
is worn by the user. In another variation, for a garment that has
a form factor of a bottom (e.g., shorts, pants, etc.), the set of
interfaces provided in Block S210 can include interfaces
between a set of EMG electrodes and skin of the user proxi-
mal one or more of: the gluteus maximus muscles, the gluteus
medius muscles, the vastus lateralis muscles, the gracilis
muscles, the semimembranosus muscles, the semitendinosis
muscles, the biceps femoris, the soleus muscles, the gastroc-
nemius muscles, the rectus femoris muscles, the sartorius
muscles, the peroneus longus muscles, and the adductor lon-
gus muscles when the garment is worn by the user. Variations
of the set of interfaces provided in Block S210 can, however,
be configured in any other suitable manner.

[0077] Block S220 recites: at a mounting module coupled
to the garment, providing an array of connection regions in
communication with the set of biometric sensors, wherein the
array of connection regions is configured to couple to a set of
contacts of a control module in a first configuration. Block
S220 functions to enable transmission of biopotential signals
generated from the body of the user, as the user exercises,
from the set of sensor interfaces to a control module. Block
S220 is preferably implemented at embodiments, variations,
and/or examples of the garment, the control module, the
mounting module, and the set biometric sensors described in
Section 1 above. As such, providing the array of connection
regions preferably comprises providing electrically conduc-
tive connection regions coupled between the set of biometric
sensors and the mounting module in a set configuration, as
described in Section 1 above, wherein a set of contacts of the
control module can be coupled to the array of connection
regions in a first configuration (e.g., wherein the control mod-
ule is seated within the mounting module), and uncoupled
from the array of connection regions in a second configura-
tion 102 (e.g., wherein the control module is removed from
the mounting module).

[0078] In variations, as discussed in relation to the control
module of Section 1 above, the array of connection regions of
the mounting module can be mapped to the set of contacts of
the control module regardless of the orientation of the control
module, such that Block S220 includes providing a symmet-
ric array of connection regions of the mounting module, and
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providing a corresponding symmetric set of contacts of the
control module. Furthermore, providing the array of connec-
tion regions for the control module can further include facili-
tating activation of indicator LEDs of the control module,
wherein activation of the indicator LEDs can be triggered
upon proper coupling between the array of connection
regions of the mounting module and the set of contacts of the
control module. While Block S220 is preferably described in
relation to the system described in Section 1 above, Block
S220 can alternatively be implemented using any other suit-
able garment with coupled biometric sensors configured to
communicate with a control module.

[0079] Block S230 recites: in the first configuration of the
control module, receiving a stream of electrical signals
indicative of muscle activity from a subset of muscles of the
user. Block S230 functions to acquire biosignal data from the
user by way of the set of biometric sensors, when the control
module is coupled with the garment in the first configuration.
Block S230 preferably includes receiving signals from paired
sensor channels (e.g., associated with paired biometric sen-
sors of the set of biometric sensors). As such, paired biometric
sensors and contacts of the set of contacts of the control
module can facilitate reception of signals that can be used to
determine a signal differential (i.e., a biopotential difference)
across a pair of associated sensor channels.

[0080] Receiving the stream of electrical signals in Block
S230 can include conditioning the stream of electrical signals
S235 at a signal conditioning module, such as the signal
conditioning module described in Section 1 above, in order to
generate a conditioned signal stream. In conditioning the
stream of electrical signals, Block S235 can include passing
the stream of electrical signals through at least one of a low
pass filter, a high pass, filter, a band-pass filter, and a notch
filter (i.e., a band-stop filter), in order to preprocess the
datasets to remove a portion of any artifacts or interference
(e.g., due to noise). In variations, the low pass filter can
function to remove higher frequency noise and the high pass
filter can function to remove lower frequency noise (e.g., due
to waist movement/pressure artifacts). Any of the filters can
further be supplemented with filters configured to remove or
mitigate the frequency spectrum of any known noise compo-
nents. Additionally or alternatively, Block S235 can include
any one or more of: smoothing, clipping, deconvolving,
detrending/offsetting, standardizing, resampling, hard-bind-
ing, predicting, windowing, and performing any other suit-
able data conditioning process upon any signals received in
Block S230. In variations, S230 can further include storing
conditioned or unconditioned signal data in memory, as
describe in relation to the memory of the electronics sub-
system in Section 1 above.

[0081] Block S240 recites: at the portable control module,
transmitting the stream of electrical signals to a processing
subsystem, which functions to transmit conditioned and/or
unconditioned data derived from the stream of signals for
additional processing. Block S240 is preferably implemented
at an embodiment, variation, or example of the communica-
tion interface(s) described in relation to the electronics sub-
system of the control module described in Section 1 above,
whereby signal transmission is performed over a network
associated with the control module and the processing sub-
system. Transmitting the stream of electrical signals in Block
S240 can be performed substantially continuously (e.g.,
every second, every millisecond, etc.) and/or in near-real-
time, thereby facilitating near-real-time provision of compre-
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hensive feedback to the user. Alternatively, transmitting the
stream of electrical signals in Block S240 can be performed
intermittently (e.g., only when the control module is coupled
to the garment, at random time points, etc.) and/or in non-
real-time. Furthermore, according to variations of the com-
munication interface described in Section 1 above, transmit-
ting the signals in Block S240 can involve wireless and/or
wired transmission of data derived from the stream of elec-
trical signals to the processing subsystem.

[0082] Block S250 recites: at the processing subsystem,
transforming the stream of electrical signals into a set of
exercise-related metrics indicative of exercise behavior of the
user. Block S250 functions to generate an analysis derived
from the stream of electrical signals received in Block S240,
which can be used to provide feedback to the user regarding
aspects of his/her exercise behavior. Block S250 can include
determining metrics including one or more of: a metric
related to effort output (e.g., total effort output as a ratio
between an amount of work performed by a muscle group and
a maximum amount of work that can be performed by the
muscle group), a metric derived from an amount of cardio-
activity performed by the user, a metric derived from an
amount of strength-based activity performed by the user, a
metric related to balance in utilization of all muscles of a
muscle group; a metric related to a total number of muscles/
muscle groups utilized during one or more exercises, a metric
related to a number of repetitions of a performed exercise, a
metric related to a number of sets of a performed exercise, a
metric related to a distance conquered or time duration of an
exercise, a metric associated with improperness or properness
of form in performing one or more exercises (e.g., as identi-
fied by signals of the signal stream indicative of muscles the
user is using to perform an exercise, in relation to a desired
group of muscles the user should use to perform the exercise
with proper form), a metric related to target intensity level
(e.g., as determined using a target intensity level desired by
the user or another entity associated with the user, in relation
to actual intensity level indicated by signals of the signal
stream), a metric related to average heart rate throughout a
workout, a metric related to average heart rate throughout a
portion of a workout, a breakdown of muscle exertion for
different muscle groups, exercise progress-related metrics,
and any other suitable metrics. In generating any one or more
of the above metrics, the processing system can be configured
to utilize time information and signal feature information
(e.g., amplitude, frequency, signal signatures, etc.) in deter-
mining metrics associated with individual muscles, groups of
muscles, and overall assessments of activity of the user.

[0083] Block S260 recites: at an electronic device in com-
munication with the processing subsystem, providing a report
derived from the set of exercise-related metrics to the user.
Block S260 preferably involves processing of the set of exer-
cise-related metrics into a report that provides insights to the
user, pertaining to the user’s exercise behavior. Block S260
preferably implements an embodiment, variation, or example
of the processing subsystem, electronic device, and network
described in Section 1 above; however, Block S260 can addi-
tionally or alternatively be implemented using any other suit-
able processing and information provision elements. In pro-
viding the report(s), Block S260 preferably utilizes an
exercise-monitoring application being executed at the elec-
tronic device, an example of which is shown in FIG. 11A. The
report(s) can contribute to a virtual coaching environment
that includes one or more of: training plans, recovery plans,
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information regarding competitions (e.g., training regimens
configured to prepare the user for an upcoming competition),
instructions for stretching, instructions for injury prevention,
instructions regarding proper form for conducting an exet-
cise, and any other suitable coaching functions derived from
metrics associated with the user’s muscular activity.

[0084] Additionally or alternatively, the report(s) provided
in Block S260 can be used to provide alerts to the user based
upon received and processed data, an example of which is
shown in FIG. 11B. For instance, Block S260 can include
notifying the user or another entity if the user is focusing too
much on a particular exercise or muscle group (e.g., by visu-
ally showing the muscle group(s) that are overemphasized
and recommending other exercises to the user), or if the user
is using a muscle group incorrectly during an exercise (e.g., if
the user is demonstrating poor form). Additionally or alter-
natively, the reports can provide synopses pertaining to one or
more of: a muscle breakdown of work performed/output for
specific muscles; a breakdown of a score given for a workout,
wherein the score can be tracked over time to monitor
progress of the user; a classification of exercise as cardio-
based or strength-based; indications of muscle atrophy, indi-
cations of rehabilitation progress; indications of fatigue; indi-
cations of potential or actual injury; and any other suitable
reported factor. In one example, a report can provide a pet-
centage of'a workout associated with strength-based exercise
vs. a percentage of a workout associated with cardio-based
exercise. In another example, the report provided in Block
S260 can additionally or alternatively provide a detailed
breakdown of any exercise metric associated with one or
more muscle groups, provided within a virtual display of
various muscle groups.

[0085] The method 200 can further include Block S270, as
shown in FIG. 10, which recites: detecting an orientation of
the control module within the mounting module and adap-
tively adjusting a mapping between a set of contacts of the
control module and an array of connection regions of the
mounting module. Block $270 functions to enable proper
signal reception and processing from a symmetric control
module that can be coupled to the garment in multiple orien-
tations. Block S270 can implement contact configuration(s)
of the set of contacts of the control module and any other
suitable data (e.g., accelerometer data, gyroscope data) in
order to detect the orientation of the control module relative to
the garment. Once the orientation of the control module is
detected, Block S270 can include adapting signal reception
and processing functions accordingly. As such, Block S270
can allow the control module to operate properly regardless of
how the control module is coupled with the garment, in
receiving and processing signals from the set of biometric
sensors. For example, using the contact configuration shown
in FIG. 6, signals X andY can be received by way of contacts
1A and 1B in a first orientation of the control module, but if
the control module is positioned “upside-down” in a second
orientation, firmware implementing Block S270 can adapt
signal reception and processing of the control module to
receive signals X and Y by way of contacts 14B and 14A,
respectively. As such, in the example, Block S270 can facili-
tate dynamic modification of the contact mapping in order to
property attribute signals X and Y to the correct muscle group
or set of biometric sensors.

[0086] Additionally or alternatively, Block S270 can
include post-processing of signals based upon supplementary
data that can allow signatures associated with one or muscle
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groups or types of activity to be identified. For instance, if
accelerometer data indicates motion behavior associated with
a first muscle group, but EMG signal data indicates muscle
activity not associated with the first muscle group, Block
S270 can involve reconfiguring a mapping between the set of
contacts of the control module and the set of biometric sen-
sors, post-reception of the signal stream from the set of bio-
metric sensors, and generating metrics and reports according
to the reconfigured mapping. Any other signatures derived
from one or more of: gyroscope data, accelerometer data,
GPS data, temperature data, location data, heart rate data, and
any other suitable data can be used to identify the most prob-
able muscle groups being used in an activity, and adjusting a
mapping between the set of contacts of the control module
accordingly. As such, identification of the configuration of the
control module relative to the garment can be facilitated
based upon cross-correlation between different types of data
(e.g., accelerometer data, EMG sensor data), detection of
identification contact configurations, and/or in any other suit-
able manner.

[0087] Themethod 200 can further include any one or more
of: detecting misalignment of the control module, providing
an indication of misalignment of the control module (e.g.,
using indicator LEDs), receiving a user input and providing a
customized report based upon the user input (e.g., allowing
the user to select a portion of a virtual display of various
muscle groups and providing a report based upon the selec-
tion), allowing the user to receive information and feedback
(e.g., training information, motivational feedback) from a
community of associated users, and any other suitable steps
or blocks that promote proper exercise behavior of the user.

[0088] Variations of the system 100 and method 200
include any combination or permutation of the described
components and processes. Furthermore, various processes
of the preferred method can be embodied and/or implemented
at least in part as a machine configured to receive a computer-
readable medium storing computer-readable instructions.
The instructions are preferably executed by computer-execut-
able components preferably integrated with a system and one
or more portions of the control module 155 and/or a proces-
sor. The computer-readable medium can be stored on any
suitable computer readable media such as RAMs, ROMs,
flash memory, EEPROMs, optical devices (CD or DVD), hard
drives, floppy drives, or any suitable device. The computer-
executable component is preferably a general or application
specific processor, but any suitable dedicated hardware
device or hardware/firmware combination device can addi-
tionally or alternatively execute the instructions.

[0089] The FIGURES illustrate the architecture, function-
ality and operation of possible implementations of systems,
methods and computer program products according to pre-
ferred embodiments, example configurations, and variations
thereof. In this regard, each block in the flowchart or block
diagrams may represent a module, segment, step, or portion
of code, which comprises one or more executable instructions
for implementing the specified logical function(s). It should
also be noted that, in some alternative implementations, the
functions noted in the block can occur out of the order noted
in the FIGURES. For example, two blocks shown in succes-
sion may, in fact, be executed substantially concurrently, or
the blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block diagrams
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and/or flowchart illustration, can be implemented by special
purpose hardware-based systems that perform the specified
functions or acts, or combinations of special purpose hard-
ware and computer instructions.

[0090] As apersonskilled in the art will recognize from the
previous detailed description and from the figures and claims,
modifications and changes can be made to the preferred
embodiments of the invention without departing from the
scope of this invention defined in the following claims.

We claim:

1. A system for monitoring biometric signals of a user
comprising:

a garment configured to be worn by the user and compris-
ing a mounting module having an array of connection
regions;

aset of biometric sensors coupled to the garment, the set of
biometric sensors configured to communicate with the
array of connection regions and configured to receive
and transmit biometric signals indicative of muscle
activity of the user by way of the array of connection
regions; and

a portable control module configured to couple to the gar-
ment in a first configuration and to decouple from the
garment in a second configuration and comprising:

a housing comprising an array of openings;

a set of contacts, each contact in the set of contacts
including a first region that hermetically seals at least
one ofthe array of openings and couples to at least one
of the array of connection regions in the first configu-
ration, and

an electronics subsystem coupled to the housing and in
communication witha second region of each of the set
of contacts.

2. The system of claim 1, further comprising a processing
subsystem configured to receive and process biometric sig-
nals from the portable control module, to determine a set of
exercise-related metrics associated with muscle activity of
the user based upon the biometric signals, and to provide a
report to the user based upon at least a subset of the set of
exercise-related metrics.

3. The system of claim 2, wherein the set of biometric
sensors comprises paired sensors configured to enable detec-
tion of a biopotential difference across two sensors, and
wherein the processing subsystem is configured to determine
at least one of the set of exercise-related metrics based upon
the biopotential difference.

4. The system of claim 1, wherein the set of contacts of the
control module is configured in a symmetric array having a
shared axis of symmetry with the housing of the control
module.

5. The system of claim 4, wherein the control module is
configured to be coupled with the mounting module in a first
orientation and a second orientation, and wherein the control
module is configured to adaptively adjust a mapping between
the set of contacts and the array of connection regions of the
mounting module upon detection that the control module is in
one of the first orientation and the second orientation.

6. The system of claim 5, wherein the set of contacts of the
control module is arranged in a symmetrically opposing
arrangement, whereby paired sensors of the set of biometric
sensors are configured to correspond to symmetrically oppos-
ing contacts of the set of contacts.

7. The system of claim 1, wherein the mounting module
includes a set of layers coupled to the garment and configured
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to provide a biasing force that maintains contact between the
set of contacts of the portable control module and the array of
connection regions of the mounting module in the first con-
figuration.

8. The system of claim 7, wherein the set of layers of the
mounting modules includes: a fabric layer affixed to the gar-
ment and defining a receiving pocket for the portable control
module, wherein the fabric layer has an elastic opening that
accommodates reception of the portable control module; a
cradle deeper than the fabric layer and comprising the array of
connection regions that couple to the set of biometric sensors;
and a foam ring at least partially surrounding the cradle and
deeper than the fabric layer.

9. The system of claim 8, wherein each connection region
in the array of connection regions has a first portion that is
exposed through a first cradle surface, configured to provide
a hermetic seal at the first cradle surface, and configured to
contact the first region of at least one contact of the control
module, and wherein each connection region in the array of
connection regions has a second portion in communication
with the first portion and configured to couple to a lead proxi-
mal a second cradle surface, wherein the lead enables elec-
trical communication between a connection region of the
array of connection regions and at least one biometric sensor
of the set of biometric sensors.

10. The system of claim 1, wherein the electronics sub-
system is coupled to a set of indicator LEDs configured to
indicate alignment of the control module with the mounting
module in the first configuration.

11. A method for monitoring biometric signals of a user
comprising:

at agarment configured to be worn by the user, providing a

set of interfaces between the user and a set of biometric
sensors at a set of body regions exhibiting muscle activ-
ity, upon coupling of the garment to the user;
atamounting module coupled to the garment, providing an
array of connection regions in communication with the
set of biometric sensors and configured to couple to a set
of contacts of a control module in a first configuration;
in the first configuration of the control module, receiving a
stream of electrical signals indicative of muscle activity
from a subset of muscles of the user;

at the portable control module, transmitting the stream of

electrical signals to a processing subsystem; and

at the processing system, transforming the stream of elec-

trical signals into a set of exercise-related metrics indica-
tive of exercise behavior of the user; and

at an electronic device in communication with the process-

ing system, providing a report derived from the set of
exercise-related metrics to the user.

12. The method of claim 11, wherein providing the set of
interfaces comprises providing interfaces between subsets of
the set of biometric sensors and at least one of a first group of
muscles comprising a the pectoralis muscles, the deltoid
muscles, and the biceps muscles of the user, and a second
group of muscles comprising the quadriceps muscles, the
biceps femoris muscles, and the gluteus maximus muscles,
upon coupling of the garment to the user.

13. The method of claim 12, wherein providing the set of
sensor interfaces comprises providing a first interface
between a heart rate sensor and a first body region ofthe user,
and providing a second interface between a respiration sensor
and a second body region of the user.
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14. The method of claim 13, wherein transforming the
stream of electrical signals into the set of exercise-related
metrics comprises determining values of muscle exertion for
a set of muscles selected by the user at an input device.

15. The method of claim 14, wherein transforming the
stream of electrical signals into the set of exercise-related
metrics comprises determining values of effort output by a
subset of muscles being used during an exercise activity of the
user.

16. The method of claim 13, wherein providing the report
comprises providing a report including an indication of prop-
erness of form and target intensity level in performing an
exercise, based upon the stream of electrical signals pro-
cessed at the processing subsystem.

17. The method of claim 16, wherein providing the report
comprises providing a notification related to non-monitored
muscle groups, based upon an analysis of activity of moni-
tored muscle groups during an exercise activity.

18. The method of claim 11, further comprising: at least at
one of an electronics subsystem of the portable control mod-
ule and the processing system, detecting an orientation of the
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control module within the mounting module, and adaptively
adjusting a mapping between the set of contacts of the control
module and the array of connection regions of the mounting
module, based upon the orientation of the control module.

19. The method of claim 12, wherein detecting the orien-
tation of the control module within the mounting module is
based upon at least one of a configuration of identification
pins associated with the set of contacts, and supplementary
sensor data indicative of muscle activity signatures associated
with muscle groups that have a high probability of being
active during performance of an exercise.

20. The method of claim 11, wherein providing the array of
connection regions of the mounting module comprises pro-
viding a fabric layer affixed to the garment and defining a
receiving pocket for the portable control module; providing a
cradle deeper than the fabric layer and comprising the array of
connection regions that couple to the set of biometric sensors;
and providing a foam ring at least partially surrounding the
cradle and configured deeper than the fabric layer.
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