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(57) ABSTRACT

Embodiments of the present disclosure provide techniques
and configurations for a wearable sensor apparatus. In one
instance, the apparatus may comprise a first flexible substrate,
including a first plurality of sensors disposed on a first side of
the first flexible substrate to be in direct contact with a user’s
body, and a first set of conductive connectors disposed on a
second side of the first flexible substrate; and a second flexible
substrate that includes a second set of conductive connectors
disposed on a first side of the second flexible substrate com-
patibly to the first set of conductive connectors to mechani-
cally and electrically couple the second flexible substrate
with the first flexible substrate, and circuitry disposed on a
second side of the second flexible substrate to receive and
process readings provided by the sensors via the first and
second sets of conductive connectors. Other embodiments
may be described and/or claimed.
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WEARABLE SENSOR APPARATUS WITH
MULTIPLE FLEXIBLE SUBSTRATES

FIELD

[0001] Embodiments of the present disclosure generally
relate to the field of sensor devices, and more particularly, to
wearable sensor devices with multiple flexible substrates that
may be conformal with human body.

BACKGROUND

[0002] With advances in various technologies, wearable
sensing devices or systems are increasingly popular. How-
ever, today’s wearable sensing devices or systems often fail to
have a number of desirable attributes associated with them. A
wearable sensing system may need to be comfortably
attached to the human body, yet without slippage. However,
the quality of signals sensed by a wearable system is highly
dependent on the quality of contact with the human body,
contrary to the need to provide comfort. Because a wearable
sensing system may be in continuous contact with the human
body, it may also need to be easily cleanable, preferably using
conventional methods, such as a washing machine, for
example. Furthermore, a wearable sensing system may need
to have a desired sensing coverage, e.g., have an ability to
effectively sense around movable spots of the human body,
such as joints, wrists, fingers, ankles, and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] Embodiments will be readily understood by the fol-
lowing detailed description in conjunction with the accom-
panying drawings. To facilitate this description, like refer-
ence numerals designate like structural elements.
Embodiments are illustrated by way of example and not by
way of limitation in the figures of the accompanying draw-
ings.

[0004] FIG. 1 is a block diagram illustrating an example
wearable sensor apparatus incorporated with the teachings of
the present disclosure, in accordance with some embodi-
ments.

[0005] FIG. 2 is a schematic diagram illustrating another
view of the wearable sensor apparatus of FIG. 1, in accor-
dance with some embodiments.

[0006] FIG. 3 is a schematic diagram of an architectural
view of an example implementation of the digital front end
node of FIGS. 1 and 2, in accordance with some embodi-
ments,

[0007] FIG. 4 illustrates perspective views of various
implementations of the digital front end node, in accordance
with some embodiments.

[0008] FIG. 5 illustrates an example body area network
formed by application of multiple wearable sensor appara-
tuses to auser’s body, in accordance with some embodiments.
[0009] FIGS. 6-9 illustrate different views of an example
wearable sensor apparatus that may be applied to a user’s
chest, in accordance with some embodiments.

[0010] FIGS.10-11 illustrate different views of an example
wearable sensor apparatus that may be applied to a user’s
knee, in accordance with some embodiments.

[0011] FIG. 12 is a process flow diagram for assembling a
wearable sensor apparatus of the present disclosure, in accor-
dance with some embodiments.

[0012] FIG. 13 illustrates an example computing device
1300 suitable for use with various components of F1G. 1, such
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as wearable sensor apparatus 100 including digital front end
node or an external device of FIG. 1, in accordance with
various embodiments.

DETAILED DESCRIPTION

[0013] Embodiments of the present disclosure include
techniques and configurations for a wearable sensor appara-
tus. In accordance with embodiments, the apparatus may
comprise a first flexible substrate, including a plurality of
sensors disposed on a first side of the first flexible substrate to
be in direct contact with a user’s body, and a first set of
conductive connectors disposed on a second side of the first
flexible substrate. The apparatus may further comprise a sec-
ond flexible substrate that includes a second set of conductive
connectors disposed on a first side of the second flexible
substrate compatibly to the first set of conductive connectors
to mechanically and electrically couple the second flexible
substrate with the first flexible substrate. The apparatus may
further comprise circuitry disposed on a second side of the
second flexible substrate to receive and process readings pro-
vided by the sensors via the first and second sets of conductive
connectors.

[0014] In the following detailed description, reference is
made to the accompanying drawings that form a part hereof,
wherein like numerals designate like parts throughout, and in
which are shown by way of illustration embodiments in
which the subject matter of the present disclosure may be
practiced. It is to be understood that other embodiments may
be utilized and structural or logical changes may be made
without departing from the scope of the present disclosure.
Therefore, the following detailed description is not to be
taken in a limiting sense, and the scope of embodiments is
defined by the appended claims and their equivalents.

[0015] For the purposes of the present disclosure, the
phrase “A and/or B” means (A). (B), or (A and B). For the
purposes of the present disclosure, the phrase “A, B, and/or
C” means (A), (B), (C), (A and B), (A and C), (B and C), or
(A, B, and C).

[0016] The description may use perspective-based descrip-
tions such as top/bottom, in/out, over/under, and the like.
Such descriptions are merely used to facilitate the discussion
and are not intended to restrict the application of embodi-
ments described herein to any particular orientation.

[0017] The description may use the phrases “in an embodi-
ment,” or “in embodiments,” which may each refer to one or
more of the same or different embodiments. Furthermore, the
terms “comprising,” “including,” “having,” and the like, as
used with respect to embodiments of the present disclosure,
are synonymous.

[0018] The term “coupled with,” along with its derivatives,
may be used herein. “Coupled” may mean one or more of the
following. “Coupled” may mean that two or more elements
are in direct physical, electrical, or optical contact. However,
“coupled” may also mean that two or more elements indi-
rectly contact each other, but yet still cooperate or interact
with each other, and may mean that one or more other ele-
ments are coupled or connected between the elements that are
said to be coupled with each other. The term “directly
coupled” may mean that two or more elements are in direct
contact,

[0019] FIG. 1 is a block diagram illustrating an example
wearable sensor apparatus 100 incorporated with the teach-
ings of the present disclosure, in accordance with some
embodiments. The apparatus 100 may comprise a sensor
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module 102 configured to be attachable to a user’s body in
order to conduct measurements associated with the function-
ing of the user’s body and user’s activities. In embodiments,
the sensor module 102 may comprise a flexible substrate 172
(indicated by a dashed line) that may take different shapes
and/or sizes, such as a strap, a band, or the like. The sensor
module 102 may include a first plurality of sensors 104, 106
that may be disposed to be in direct contact with a user’s body
112. For example, the sensors 104, 106 may be placed around
aninner side of the flexible substrate 172 ofthe sensor module
102, to provide direct contact with the user’s body 112. In
some embodiments, the sensors 104, 106 may be builtin (e.g.,
embedded)in the inner side of the flexible substrate 172 of the
sensor module 102. The sensors 104, 106 may provide read-
ings related to various user body functions as discussed below
in greater detail. The sensors 104, 106 may be resistant to
damage due to stretching of'the flexible substrate, washing of
the flexible substrate, and the like.

[0020] The sensor module 102 may further include a set of
conductive connectors 120, 122 that may be disposed on an
outer side of the flexible substrate 172 of the sensor module
102. The conductive connectors 120, 122 may comprise flex-
ible damage-resistant patches having conductive properties,
and may provide dual functionality of electric and mechani-
cal coupling (indicated by arrows 170, 173) with a sensor
front end module 142, as will be described below in greater
detail. The conductive connectors 120, 122 may be made of
elastic fabric, elastomer, polymer, or other suitable materials.
[0021] The sensor module 102 may further include a sec-
ond plurality of sensors 108, 110, also disposed on the inner
side of the flexible substrate 172 of the sensor module 102 to
provide direct contact with the user’s body 112. The second
plurality of sensors 108, 110 may include sensors that may
not be damage- or water-resistant (e.g., washable). Accord-
ingly, the sensors 108, 110 may be detachably coupled,
mechanically and electrically, with the sensor module 102 via
another set of conductive connectors 124, 126, as indicated by
arrows 174, 176.

[0022] It should be noted that sensors 104, 106 of the first
plurality of sensors and sensors 108, 110 of the second plu-
rality of sensors are shown in FIG. 1 for illustration only and
are not limiting the implementation of apparatus 100. It will
be appreciated that any number of sensors or conductive
connectors similar to 120, 122 may be used in the apparatus
100.

[0023] Thesensormodule 102 may further include a wiring
arrangement 114 to provide electric connections for the sen-
sors 104, 106, 108, 110 with conductive connectors 120 and
122. The wiring arrangement 114 may be built in (e.g.,
embedded, embroidered, woven, imprinted, and the like) the
flexible substrate 172 of the sensor module 102, as will be
described below in greater detail. The wiring arrangement
114 may be damage resistant, e.g., in response to flexing,
stretching, or washing of the flexible substrate 172.

[0024] The apparatus 100 may further include a sensor
front end module 142 that may be electrically and mechani-
cally connectable with the sensor module 102. The sensor
front end module 142 may comprise a flexible substrate 182
(indicated by a dashed line) having a shape that may be
compatible with or conformable to the shape of the flexible
substrate 172 of the sensor module 102. The sensor front end
module 142 may include a set of conductive connectors 160,
162 disposed on an inner side of the flexible substrate 182
compatibly to the conductive connectors 120, 122. In other
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words, conductive connectors 160, 162 may be disposed to
mate the conductive connectors 120, 122 to mechanically and
electrically couple the sensor front end module 142 with the
sensor module 102.

[0025] The sensor front end module 142 may further
include electronic circuitry 144 configured to receive and
process readings provided by the sensors 104, 106 via the
wiring arrangement 114, the conductive connectors 120, 122,
and corresponding conductive connectors 160, 162. The cir-
cuitry 144 may be further configured to provide power and
excitation to the sensors, transduce the sensor signals into
voltage, amplify and condition the sensor signals. The cir-
cuitry 144 may be further configured to receive and pre-
process readings provided by the sensors 108, 110 via the
conductive connectors 124, 126, wiring arrangement 114,
conductive connectors 120, 122, and corresponding conduc-
tive connectors 160, 162. In embodiments, the electronic
circuitry 144 may be disposed on an outer side of the flexible
substrate 182. The functionality of the electronic circuitry
144 will be described in greater detail in reference to FIG. 2.
[0026] The sensor front end module 142 may further
include a wiring arrangement 146 to provide routing of elec-
tric signals (sensor readings from sensors 104, 106, 108, 110)
coming through the conductive connectors 160, 162, to the
electronic circuitry 144. The wiring arrangement 146 may be
configured similar to wiring arrangement 114, e.g., it may be
built in the flexible substrate 182. In some embodiments, the
sensor front end module 142 may include one or more sensors
148 that may be coupled with the flexible substrate 182.
[0027] The sensor front end module 142 may further
include an electric connector (e.g., multi-pin contact) 150 to
provide mechanical and electric coupling 152 with a digital
front end node 192. The digital front end node 192 may be
configured to further process the readings provided by the
sensors 104, 106, 108, 110 of the sensor module 102 and
sensors 148 of the sensor front end module 142.

[0028] In some embodiments, the digital front end node
192 may include a processing unit 140 having a processor 132
configured to process the readings (signals) provided by the
sensors 104,106,108, 110, 148. The processing unit 140 may
include memory 134 having instructions that, when executed
on the processor 132, may cause the processor 132 to perform
signal processing. The digital front end node 192 may include
a battery 154 configured to provide power supply to the
digital front end node 192 and, more generally, to the appa-
ratus 100. The digital front end node 192 may include a radio
156 to transmit processed data resulting from processing the
sensor readings for further processing, e.g., to an external
device 184 (e.g., mobile or stationary computing device). The
digital front end node 192 may include a mating connector
186 to mate the connector 150 of the sensor front end module
142.

[0029] The digital front end node 192 may include other
components 158 necessary for the functioning of the appara-
tus 100, as described in greater detail in reference to FIGS. 10
and 11. For example, the processor 132, memory 134, and
other components of the digital front end node 192 may be
coupled with one or more interfaces (not shown) via radio 156
in order to facilitate information exchange among the above-
mentioned components. Communications interface(s) (not
shown) may provide an interface for the apparatus 100 to
communicate over one or more wired or wireless network(s)
and/or with any other suitable device, such as external device
184.



US 2016/0157779 Al

[0030] FIG. 2 is a schematic diagram illustrating another
view of the example wearable sensor apparatus 100 in accor-
dance with some embodiments. As described in reference to
FIG. 1, apparatus 100 may include a sensor module 102,
mechanically and electrically coupled with sensor front end
module 142. The sensor module 102 may comprise a flexible
substrate (e.g., washable strap) 172 having a first (inner) side
202 and a second (outer) side 204. The flexible substrate 172
may be attached to a user’s body (not shown) at the first side
202. Depending on the application, the flexible substrate 172
may be wrapped around different user body parts such as
chest, knee, wrist, neck, etc., and may be adjusted to the right
level of snugness using a simple attachment (e.g., Velcro®)
arrangement.

[0031] As described above, a first plurality of damage-
resistant sensors 206 (e.g., 104, 106 of FIG. 1) may be dis-
posed around the first side 202 to be in direct contact with the
user’s body. In some embodiments, the first plurality of sen-
sors 202 may be built in the first side 202 of the flexible
substrate 172 of the sensor module 102. In embodiments, the
first plurality of sensors 202 may include optical photodiodes,
electrocardiogram (ECG) electrodes, electromyogram
(EMQ) electrodes, galvanic skin response (GSR) electrodes,
piezo crystals, pressure sensors, stretch sensors, or the like.
[0032] The flexible substrate 172 may further include a set
of conductive connectors 208 (similar to 120, 122 of FIG. 1)
that may be disposed on the second side 204 of the flexible
substrate 172 of the sensor module 102. The set of conductive
connectors 208 may comprise flexible damage-resistant
patches, such as Velcro® conductive patches having conduc-
tive properties, and may provide dual functionality of electric
and mechanical coupling with the sensor front end module
142. As shown, the set of conductive connectors 208 may
include multiple conductive Velcro® patches as flexible con-
nectors between the sensor module 102 and sensor front end
module 142 to maintain conformability, while also providing
washability, as well as scalability to add more sensors as
needed, depending on the wearable apparatus 100°s applica-
tion.

[0033] The sensor module 102 may further include a sec-
ond plurality of sensors 210 (similar to 108, 110 of FIG. 1)
disposed on the first side 202 of the flexible substrate 172. The
second plurality of sensors 210 may include sensors that may
not be damage- or water-resistant (e.g., washable), such as
temperature sensors, sweat chemical sensors, optical sensors,
or the like. More generally, the second plurality of sensors
may include a variety of washable sensors configured to pro-
vide readings associated with user’s health state. Accord-
ingly, the second plurality of sensors 210 may be mechani-
cally and electrically coupled with the flexible substrate 172
by using a corresponding set of conductive connectors (e.g.,
Velcro® conductive patches) 212.

[0034] Thesensor module102 may further include a wiring
arrangement 220 (schematically indicated by arrows) to pro-
vide electric connections for the sensors 206 and 210 with
conductive connectors 208. The wiring arrangement 220 may
be built in (e.g., embedded, embroidered, woven, imprinted,
and the like) the flexible substrate 172. For example, electri-
cal connections may be made by screen printing the traces on
the flexible substrate 172 from sensors 206 and/or 210 to
conductive connectors 212 using conductive inks.

[0035] In another example, a meandering (e.g., sine wave
type, zig-zag shaped) pattern of traces (e.g., copper traces)
deposited on a plastic substrate (e.g., polyamide) may be
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used. This plastic substrate may be moulded with the flexible
substrate 172 or attached to the flexible substrate 172 using a
waterproof adhesive. Conductive glue may be applied to
make electrical connection from sensors 206 and connectors
212 to the copper traces. In another example, insulated ultra-
thin (e.g., copper or silver) wires moulded with the flexible
substrate 172 in a meandering pattern may be used to provide
desired electrical connections.

[0036] As discussed above, it may be desirable to have the
wiring arrangement 202 on flexible substrate 172 be damage-
resistant, such as washable. Hence, it may be preferable to
minimize the extent of the wiring arrangement 220 on the
flexible substrate 172. For example, the wiring arrangement
220 may be minimized or even eliminated by placing the
sensors 206 and/or 210 around the substrate 172 where the
sensor signals may be picked up, to optimize signal pickup.
For example, ECG electrodes of the sensors 206 may be
placed on the flexible substrate 172 on either side of the center
of the chest of the user’s body and separated by at about 10cm
to pick up the desired ECG signal. GSR electrodes may
provide readings of desired strength when placed on portions
of the flexible substrate 172 that correspond to sides of the
user’s body. Temperature sensors of sensors 210 may provide
signals of desired strength when placed on the flexible sub-
strate 172 around the user’s armpit.

[0037] The flexible conductive connectors 208 may be
placed as close to the sensors 206 and/or 210 as possible, for
example, substantially directly across from (on the other side
of) the sensors, as illustrated by the placement of the plurality
of sensors 206 and corresponding placement of the conduc-
tive connectors 222 and 224 of the set of conductive connec-
tors 208. In summary, it may be desirable to distribute flexible
conductive connectors 208 around the washable flexible sub-
strate 172, rather than make extensive use of the wiring
arrangement 220.

[0038] As described above, the sensor front end module
142 may comprise the flexible substrate 182 having a shape
that may be compatible with or conformable to the shape of
the flexible substrate 172 of the sensor module 102, to enable
conformability and disaggregation of the apparatus 100. The
flexible substrate 182 may include a set of conductive con-
nectors 214 (similar to 160, 162 of FIG. 1) disposed on a first
(inner) side 216 of the flexible substrate 182 to mate the
conductive connectors 208 to mechanically and electrically
couple the sensor front end module 142 with the sensor mod-
ule 102. Thus, conductive connectors 208 and corresponding
conductive connectors 214 enable mechanical attachment of
the sensor module 102 to sensor front end module 142 and
provide electric connections between sensor front end mod-
ule 142 and sensors 206 and 210 distributed on sensor module
102.

[0039] Necessary wiring and signal routing may be pro-
vided by the wiring arrangement (schematically indicated by
arrows 230) inside the flexible substrate 182, once the sensor
signal is transferred from the washable flexible substrate 172
to non-washable flexible substrate 182 via the wiring arrange-
ment 220 and conductive connectors 208 and 214. As shown,
the sensor signal routing may be provided to connect the
conductive connectors 214 with components of electronic
circuitry disposed on a second (outer) side 232 of the flexible
substrate 182 and briefly described in reference to electronic
circuitry 144 of FIG. 1.

[0040] In embodiments, electronic circuitry components
may include sensor front end 234 and actuator 236 coupled
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with the plurality of sensors 206. As discussed above, some
examples of sensors 206 may include optical photodiodes
providing current output, ECG electrodes providing bio-po-
tential output, piezo crystals providing charge output, pres-
sure sensors providing capacitance output, stretch sensors
providing resistance change output, and the like. In summary,
the sensors 206 may provide output in different forms (e.g.,
voltage, current, resistance change, etc.). These forms of out-
put may be converted to a voltage before further processing,
e.g., feeding the converted voltages to an analog to digital
converter (ADC) for digitization. The sensor front end 234
may be configured to perform that conversion. Moreover,
sensors 206 may provide a signal having strength below the
desired threshold, which may need to be amplified, condi-
tioned, and filtered before it may be digitized by the ADC.
The sensor front end 234 may also include the required
mixed-signal circuits to transduce, amplify, and condition the
signal before feeding it to the digital front end node 192 for
digitization. The sensor front end 234 may power (electrically
excite) the sensors 206, 148, and actuator 236. The actuator
236 may be used to provide haptic feedback to the user (e.g.
using a micro-vibrator).

[0041] As described in reference to F1G. 1, the sensor front
end module 142 may include one or more sensors 148. The
sensors 148 may include different types of sensors, such as
temperature sensors, respiration sensors, and the like. It will
be appreciated that sensors 148 may not be damage-resistant
and accordingly may be attached to the non-washable flexible
substrate 182.

[0042] As also described in reference to FIG. 1, the sensor
front end 234 may be connectable (via multi-pin connector
150 and mating connector 186) with the digital front end node
192. The digital front end node 192 may be configured to
process the readings (sensor signals) pre-processed (e.g.,
amplified, conditioned, and filtered) by the sensor front end
234.

[0043] FIG. 3 is a schematic diagram of an architectural
view of an example implementation of the digital front end
node 192, in accordance with some embodiments. As
described in reference to FIG. 1, the digital frontend node 192
may integrate the battery 154, local storage memory 312 for
storing and forwarding sensor data, compute engine (e.g.,
processing unit 140), wireless radio 156, and other compo-
nents (referenced in FIG. 1 under numeral 158), with multiple
types of sensors across the wearable sensor apparatus 100.
[0044] The other components of the digital front end node
192 may include an analog to digital and digital to analog
(A/D and D/A) convertors 302 to digitize and de-digitize
sensor signals provided by the sensor front end 234. The other
components may further include an inertial measurement unit
(IMU) 304 (e.g., a 9-degree of freedom IMU comprising a
magnetometer, gyroscope, and accelerometer) to cancel
noise and motion artifact effects for any type of wearable
sensor apparatus 100 (e.g., located at chest, knee, wrist, etc.).
The other components of the digital front end node 192 may
further include a sensor interface 306, wireless stack and
scheduler 308, and signal processing module 310. The com-
ponents 306, 308, and 310 may comprise software solutions
and may be stored in the memory of the processing unit 140
or memory 312. Digital front end node 192 may be pluggable
into the sensor front end 234 by means of a miniature multi-
pin connector 186.

[0045] In summary, the digital front end node 192 may be
configured to supply power to both sensor module 102 and

Jun. 9, 2016

sensor front end module 142, and perform data acquisition
and closed loop system control. The digital front end node
192 may be further configured to perform signal de-noising,
feature extraction, classification, data compression, and wire-
less transmission of sensed signals over a network (e.g., local
wireless network).

[0046] FIG. 4 illustrates perspective views of various
example implementations of'the digital front end node 192, in
accordance with some embodiments. As illustrated, the digi-
tal front end node 192 may be implemented as a miniature
button-sized node 400 (as shown in a palm of a hand 430 and
comparable in size to a coin 440. The digital node 400 may
comprise a rechargeable coin cell battery (not shown here)
packaged along with a Digital Front-End (DFE) printed cir-
cuit board (PCB) 406 having connector 408. The battery
inside DFE Node 400 could be charged by plugging the DFE
Node 400 on a separate charger board 402 and a micro-USB
cable. The Sensor front-end 234 (in FIG. 2) could comprise of
analog front end board (AFE) 404. The functionality of these
components is described in reference to FIGS. 1-3.

[0047] Referring again to FIG. 2, the sensor front end mod-
ule 142 and the digital front end node 192 may comprise a
sensor node 250 that may be conformable with the sensor
module 102. More specifically, in contrast to wearable con-
ventional sensor solutions, the conformable sensor node 250
may comprise a conformable flexible substrate (e.g., strap)
182 and a miniature and generically designed digital frontend
node 192 that may be pluggable into the flexible substrate
182. This approach may result in a conformable, stretchable,
and modular sensor node 250. The flexible substrate 182 of
the sensor front end module 142 may have a desirable thick-
ness, and may be flexible and conformal to assume essentially
the same contour (e.g., to conform to a particular part of the
user’s body) as the sensor module 102, when the sensor
module 102 and attached sensor node 250 wrap around the
user’s body or the body part.

[0048] A wearable sensor apparatus implemented as
described above may provide a number of advantages com-
pared to conventional wearable sensor solutions. For
example, the apparatus described above may provide for a
modular wearable system, in which a digital front end node
may comprise a generic and sensor agnostic wireless node,
connectable and attachable to different types of sensor front
end modules, such as, for example, different flexible substrate
straps. These flexible substrate straps may include a chest
strap for heart rate sensing, knee strap for knee kinematics
sensing, wrist strap for optical heart rate sensing, and the like.
The digital front end node may be used without modification
for multiple sensing applications. Separation of the sensor
front end module and digital front end node may provide for
adesired form factor of the digital front end node. The flexible
substrate of the sensor front end module may be attachable to
the flexible substrate of the sensor module at multiple points
along the length of the sensor module flexible substrate,
which may enable integration of multiple distributed sensors
in the sensor module. Further, multiple sensors may be added
and/or replaced to a flexible substrate of the sensor module
because sensors may be plugged on or detached from the
flexible substrate straps without compromising cleanability
of the sensor module. Furthermore, conformal substrate
straps may be integrated with (e.g., stitched on) existing gar-
ments to create smart garments, thereby reducing or elimi-
nating the need to instrument large surfaces for placing sen-
sors and simplifying the manufacturing process.
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[0049] Use of conductive connectors (e.g., Velcro®) as
flexible conductive connectors may provide for retaining
flexibility without compromising modularity. It may also
enable separation of the sensor front end module and plug-
gable sensors from the sensor module and enable cleanability
(washability) ofthe sensor module. The digital front end node
may be replaceable, e.g., along with a firmware upgrade to
enable new system functionality. Furthermore, based on spe-
cific requirements associated with a particular use of the
wearable sensor apparatus, different versions of a digital front
end node may be designed to provide different levels of
computing capabilities (i.e., different central processing units
(CPUs)) and/or different radios for different wireless stan-
dards.

[0050] As described above, modular, conformal, washable
wearable sensor apparatuses may be designed for different
applications such as for monitoring ECG, respiration, gait
analysis, heart rate, and the like. In some instances, multiple
wearable sensor apparatuses may apply to a user’s body to
form a body area network, enabling a host of different appli-
cations. FIGS. 5-10 illustrate various examples of applica-
tions of a wearable sensor apparatus, in accordance with some
embodiments.

[0051] FIG. 5 illustrates an example body area network
formed by application of multiple wearable sensor appara-
tuses to auser’s body, in accordance with some embodiments.
As shown, the wearable sensor apparatus (e.g., 100) may be
applied to different parts of auser’s body 500, forming a body
area network. For example, a wearable sensor apparatus 502
may be attached to a user’s forehead to sense and measure eye
movements, apnea, sleep, human-computer interaction (HCI)
parameters, electroencephalography (EEG), electrooculog-
raphy (EOG), and the like. A wearable sensor apparatus 504
may be attached to a user’s neck to sense and measure a range
of neck movement, breath parameters, or posture. A wearable
sensor apparatus 506 may be attached to a user’s chest to
sense and measure temperature, posture, heat parameters, and
kick count, fetal heart rate, and uterine contractions (for preg-
nant women).

[0052] A wearable sensor apparatus 508 may be attached to
different parts of a user’s arm, e.g., shoulder, wrist, or finger,
to sense and measure sweat, lactate, hydration, blood pres-
sure, oxygen, ECG, body fat, stress parameters, pulse, and the
like. A wearable sensor apparatus 510 may be attached to a
user’s waist or abdomen to sense and measure posture or
physical activity. A wearable sensor apparatus 512 may be
attached to different parts of a user’s leg, such as knee or
ankle, to sense and measure electromyography (EMG),
movement, inflammation, knee or joint kinematics, blood
glucose, and the like. A wearable sensor apparatus 514 or 516
may be attached to various parts of a user’s foot to sense and
measure weight, pressure, gait, rehabilitation parameters, and
the like. Data measured by the apparatuses 502-516 may be
provided (e.g., via a wireless network) to an external device
520 (e.g., smartphone, tablet computer, or the like) for aggre-
gation, processing, and display to the user.

[0053] FIGS. 6-9 illustrate different views of an example
wearable sensor apparatus that may be applied to a user’s
chest, in accordance with some embodiments. FIG. 6 illus-
trates an example application of an example wearable sensor
apparatus 100 to the user’s chest. As described above, the
apparatus 100 may include the sensor module 102 comprising
a flexible substrate (washable strap) 172 that is wrapped
around the user’s chest 700 as shown, and sensor front end
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module 142 comprising a flexible substrate (conformal strap)
182. The conductive connectors (flexible Velcro® patches)
208 and mating conductive connectors 214 are shown on the
flexible substrate (washable strap) 172 and flexible substrate
(conformal strap) 182. The digital front end node 192 is
shown as plugged into the sensor front end module 142.

[0054] FIG. 7illustrates the example wearable sensor appa-
ratus 100 as assembled. As shown, flexible substrate (confor-
mal strap) 182 is attached to flexible substrate (washable
strap) 172 via conductive connectors 208 and 214) and the
assembled wearable sensor apparatus 100 is attached to the
user’s chest 700. The wearable sensor apparatus 100 may
include a number of sensors (not shown), such as ECG and
GSR (comprising conductive fabric electrodes) embedded in
the flexible substrate (washable strap) 172, respiration sen-
sors (e.g., stretch sensors) and temperature sensors attached
to the flexible substrate (conformal strap) 182, and IMU
embedded in the digital front end node 192.

[0055] FIG. 8 illustrates an example flexible substrate
(washable strap) 172 of the wearable sensor apparatus 100,
shown at its outer side (corresponding to side 204 as refer-
enced in FIG. 2). The conductive connectors (flexible Vel-
cro® patches) 208 are shown on the flexible substrate (wash-
able strap) 172. Portions 802 of the washable sensors 206 are
also visible, although the washable sensors 206 are substan-
tially disposed on the inner side (corresponding to side 202 of
FIG. 2), which is not shown in FIG. 8, directly opposite the
conductive connectors 208, in order to provide desired signal
strength. The sensors 206 may include washable conductive
fabric electrodes for ECG and GSR, for example.

[0056] FIG. 9illustrates an example flexible substrate (con-
formal strap) 182 of the wearable sensor apparatus 100,
shown at its inner side 902 (corresponding to side 216 as
referencedin FIG. 2), and its outer side 904 (corresponding to
side 232 as referenced in FIG. 2). As described above, the
flexible substrate (conformal strap) 182 may include a plu-
rality of conductive connectors 214, one or more sensors 148
(not shown in FIG. 9), and circuitry 144 (also not shown in
FIG. 9) configured to pre-process readings provided by all
sensors included in the apparatus 100.

[0057] FIGS.10-11 illustrate different views of an example
wearable sensor apparatus 100 (knee strap apparatus) that
may be applied to a user’s knee, in accordance with some
embodiments. FIG. 10 illustrates the apparatus 100 wrapped
around the user’s knee 1000. The flexible substrate (washable
strap) 172 may comprise a sensor-bearing strap 1002 and
stretchable knee cap 1004. The flexible substrate (conformal
strap) 182 may comprise a conformal knee strap 1006 attach-
able to knee cap 1004 via conductive connectors (flexible
Velcro® patches, not shown). The digital front end node 192
may provide wireless connectivity, such as Bluetooth® low
energy network for continuous data streaming to an external
device (not shown).

[0058] FIG. 11 illustrates the apparatus 100 detached from
the user’s knee cap. As shown, the knee cap 1004 includes
conductive connectors (flexible Velcro® patches) 1102. The
inner side of the knee cap 1004 may include washable sen-
sors, such as EMG electrodes (not shown), that may be dis-
posed directly opposite the conductive connectors 1102, in
order to provide desired signal strength. The conformal knee
strap 1006 may include fabric-based stretch sensors embed-
ded into the conformal knee strap 1006 (not shown) and IMU
1106 integrated into the conformal knee strap 1006. The
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fabric knee strap 1006 may include mating conductive con-
nectors (flexible Velcro® patches) 1110 to match the conduc-
tive connectors 1102.

[0059] FIG. 12 is a process flow diagram for assembling a
wearable sensor apparatus, in accordance with some embodi-
ments. The process 1200 may comport with some of the
apparatus embodiments described in reference to FIGS. 1-11.
In alternate embodiments, the process 1200 may be practiced
with more or less operations, or different order of the opera-
tions.

[0060] The process 1200 may begin at block 1202 and
include disposing a first plurality of sensors on a first side of
a first flexible substrate to be in direct contact with a user’s
body.

[0061] At block 1204, the process 1200 may include dis-
posing a first set of conductive connectors on a second side of
the first flexible substrate.

[0062] At block 1206, the process 1200 may include dis-
posing a second set of conductive connectors on a first side of
a second flexible substrate compatibly to the first set of con-
ductive connectors to mechanically and electrically couple
the second flexible substrate with the first flexible substrate.
Additionally, the process 1200 may include disposing a third
set of conductive connectors on the first side of the first
flexible substrate and attaching a second plurality of sensors
to the first side via the third set of conductive connectors.
[0063] At block 1208, the process 1200 may include dis-
posing circuitry on a second side of the second flexible sub-
strate to receive and process readings provided by the first
plurality of sensors via the first and second sets of conductive
connectors. The circuitry may be further configured to receive
and process readings provided by the second plurality of
sensors via the first, second, and third sets of conductive
connectors.

[0064] At block 1210, the process 1200 may include dis-
posing a first wiring arrangement inside the first flexible
substrate to provide electric coupling between the first and
second sets of conductive connectors and between the first
plurality of sensors and the first set of conductive connectors.
[0065] At block 1212, the process 1200 may include dis-
posing a second wiring arrangement inside the second flex-
ible substrate to route electric signals between the second set
of conductive connectors and the circuitry.

[0066] FIG. 13 illustrates an example computing device
1300 suitable for use with various components of F1G. 1, such
as wearable sensor apparatus 100 including digital front end
node 192 or an external device 184 of FIG. 1, in accordance
with various embodiments. In some embodiments, various
components of the example computing device 1300 may be
used to configure the digital front end node 192. In some
embodiments, various components of the example computing
device 1300 may be used to configure the external device 184.
As shown, computing device 1300 may include one or more
processors or processor cores 1302 and system memory 1304.
For the purpose of this application, including the claims, the
terms “processor” and “processor cores” may be considered
synonymous, unless the context clearly requires otherwise.
The processor 1302 may include any type of processors, such
as a central processing unit (CPU), a microprocessor, and the
like. The processor 1302 may be implemented as an inte-
grated circuithaving multi-cores, e.g., a multi-core micropro-
cessor. The computing device 1300 may include mass storage
devices 1306 (such as solid state drives, volatile memory
(e.g., dynamic random-access memory (DRAM), and so
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forth). In general, system memory 1304 and/or mass storage
devices 1306 may be temporal and/or persistent storage of
any type, including, but not limited to, volatile and non-
volatile memory, optical, magnetic, and/or solid state mass
storage, and so forth. Volatile memory may include, but is not
limited to, static and/or dynamic random-access memory.
Non-volatile memory may include, but is not limited to, elec-
trically erasable programmable read-only memory, phase
change memory, resistive memory, and so forth.

[0067] The computing device 1300 may further include
input/output (I/0) devices 1308 (such as a display, soft key-
board, touch sensitive screen, image capture device, and so
forth) and communication interfaces 1310 (such as network
interface cards, modems, infrared receivers, radio receivers
(e.g., Near Field Communication (NFC), Bluetooth, WiFi,
4G/5G LTE), and so forth).

[0068] The communication interfaces 1310 may include
communication chips (not shown) that may be configured to
operate the device 1300 in accordance with a Global System
for Mobile Communication (GSM), General Packet Radio
Service (GPRS), Universal Mobile Telecommunications Sys-
tem (UMTS), High Speed Packet Access (HSPA), Evolved
HSPA (E-HSPA), or Long-Term Evolution (LTE) network.
The communication chips may also be configured to operate
in accordance with Enhanced Data for GSM Evolution
(EDGE), GSM EDGE Radio Access Network (GERAN),
Universal Terrestrial Radio Access Network (UTRAN), or
Evolved UTRAN (E-UTRAN). The communication chips
may be configured to operate in accordance with Code Divi-
sion Multiple Access (CDMA), Time Division Multiple
Access (IDMA), Digital Enhanced Cordless Telecommuni-
cations (DECT), Evolution-Data Optimized (EV-DO),
derivatives thereof, as well as any other wireless protocols
that are designated as 3G, 4G, 5@G, and beyond. The commu-
nication interfaces 1310 may operate in accordance with
other wireless protocols in other embodiments.

[0069] The above-described computing device 1300 ele-
ments may be coupled to each other via system bus 1312,
which may represent one or more buses. In the case of mul-
tiple buses, they may be bridged by one or more bus bridges
(not shown). Each of these elements may perform its conven-
tional functions known in the art. In particular, system
memory 1304 and mass storage devices 1306 may be
employed to store a working copy and a permanent copy of
the programming instructions implementing the operations
associated with the wearable sensor apparatus 100, such as
wireless stack and scheduler 308, signal processing module
310, and sensor interface 306 described in reference to the
digital front end node 192 of FIG. 3. The various elements
may be implemented by assembler instructions supported by
processor(s) 1302 or high-level languages that may be com-
piled into such instructions.

[0070] The permanent copy of the programming instruc-
tions may be placed into permanent storage devices 1306 in
the factory, or in the field, through, for example, a distribution
medium (not shown), such as acompact disc (CD), or through
communication interface 1310 (from a distribution server
(not shown)). That is, one or more distribution media having
an implementation of the agent program may be employed to
distribute the agent and to program various computing
devices.

[0071] The number, capability, and/or capacity of the ele-
ments 1308, 1310, 1312 may vary, depending on whether
computing device 1300 is used as a stationary computing
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device, such as a set-top box or desktop computer, or a mobile
computing device, such as a tablet computing device, laptop
computer, game console, or smartphone. Their constitutions
are otherwise known, and accordingly will not be further
described.

[0072] At least one of processors 1302 may be packaged
together with computational logic 1322 configured to prac-
tice aspects of embodiments described in reference to FIGS.
1-12. For one embodiment, at least one of processors 1302
may be packaged together with memory having computa-
tional logic 1322 to form a System in Package (SiP) or a
System on Chip (SoC). For at least one embodiment, the SoC
may be utilized in, e.g., but not limited to, a mobile computing
device such as a computing tablet or smartphone, such as
external device 184 of FIG. 1 or 520 of FIG. 5. In another
embodiment, the SoC may be utilized to form the digital front
end node 192 of FIGS. 1 and 3.

[0073] In embodiments, the computing device 1300 may
associate with a wearable sensor apparatus 100 as described
above. In some embodiments, the apparatus 100 may include
sensor module 102, sensor front end module 142, and digital
front end node 192 and may be communicatively coupled
with the external device 184 implemented as computing
device 1300 described herein.

[0074] In various implementations, the computing device
1300 may comprise a laptop, a netbook, a notebook, an ultra-
book, a smartphone, a tablet, a personal digital assistant
(PDA), an ultra mobile PC, a mobile phone, or a digital
camera. In further implementations, the computing device
1300 may be any other electronic device that processes data.

[0075] Example 1 is a wearable apparatus for sensor mea-
surements, comprising: a first flexible substrate attachable to
a user’s body, wherein the first flexible substrate includes a
first plurality of sensors disposed on a first side of the first
flexible substrate to be in direct contact with the user’s body,
and a first set of conductive connectors disposed on a second
side of the first flexible substrate; and a second flexible sub-
strate that includes a second set of conductive connectors
disposed on a first side of the second flexible substrate com-
patibly to the first set of conductive connectors to mechani-
cally and electrically couple the second flexible substrate
with the first flexible substrate, and circuitry disposed on a
second side of the second flexible substrate to receive and
process readings provided by the first plurality of sensors via
the first and second sets of conductive connectors.

[0076] Example 2 may include the subject matter of
Example 1, wherein the first flexible substrate further
includes: a second plurality of sensors disposed on the first
side of the flexible substrate; and a third set of conductive
connectors disposed on the first side of the flexible substrate
to mechanically and electrically couple the second plurality
of sensors with the first flexible substrate, wherein the cir-
cuitry is further to receive and process readings provided by
the second plurality of sensors via the first, second, and third
sets of conductive connectors.

[0077] Example 3 may include the subject matter of
Fxample 2, wherein the first plurality of sensors comprises
washable devices, and wherein the second plurality of sensors
comprises non-washable devices.

[0078] Example 4 may include the subject matter of
Example 2, wherein the first plurality of sensors includes at
least selected ones of: optical photodiodes, electrocardio-
gram (ECG) electrodes, electromyogram (EMG) electrodes,
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galvanic skin response (GSR) electrodes, piezo crystals, pres-
sure sensors, or stretch sensors.

[0079] Example 5 may include the subject matter of
Example 2, wherein the second plurality of sensors includes
at least selected ones of: temperature sensors, sweat chemical
Sensors, or motion sensors.

[0080] Example 6 may include the subject matter of
Example 2, wherein the first, second, and third sets of con-
ductive connectors comprise a flexible stretchable substrate,
including at least a selected one of: elastic fabric, elastomer,
or polymer.

[0081] Example 7 may include the subject matter of
Example 1, wherein the second flexible substrate further
includes one or more sensors disposed on the second side of
the second flexible substrate.

[0082] Example 8 may include the subject matter of
Example 1, wherein the circuitry includes a sensor front end
module to excite the first plurality of sensors and to pre-
process signals comprising readings provided by the first
plurality of sensors, wherein to pre-process includes to trans-
duce, amplify, and condition the signals.

[0083] Example 9 may include the subject matter of
Example 8, wherein the circuitry further includes a digital
front end node communicatively coupled with the sensor
front end module to convert and further process the pre-
processed signals provided by the sensor front end module.
[0084] Example 10 may include the subject matter of
Example 9, wherein the digital front end node is to provide the
processed signals to an external aggregating device for fur-
ther processing.

[0085] Example 11 may include the subject matter of
Example 1, wherein the first flexible substrate comprises a
first strap of a washable flexible material.

[0086] Example 12 may include the subject matter of
Example 11, wherein the second flexible substrate comprises
a second strap of a flexible material that is conformable to the
first strap.

[0087] Example 13 may include the subject matter of any of
Examples 1 to 10, wherein the first flexible substrate further
comprises a first wiring arrangement embedded in the first
flexible substrate to provide electric coupling between the
first and second sets of conductive connectors and between
the first plurality of sensors and the first set of conductive
connectors.

[0088] Example 14 may include the subject matter of
Example 12, wherein the first wiring arrangement includes a
selected one of: conductive traces disposed inside the first
flexible substrate or screen-printed in the first flexible sub-
strate, conductive threads woven or embroidered on the first
flexible substrate, or conductive patterns deposited on a third
substrate, wherein the third substrate is moulded with the first
flexible substrate.

[0089] Example 15 may include the subject matter of
Example 14, wherein the second flexible substrate further
comprises a second wiring arrangement disposed inside the
second flexible substrate to route electric signals between the
second set of conductive connectors and the circuitry.

[0090] Example 16 is a wearable strap system, comprising
one or more apparatuses that include: a first flexible substrate
attachable to a user’s body, wherein the first flexible substrate
includes a first plurality of sensors disposed on a first side of
the first flexible substrate to be in direct contact with the
user’s body, and a first set of conductive connectors disposed
on a second side of the first flexible substrate; and a second



US 2016/0157779 Al

flexible substrate that includes a second set of conductive
connectors disposed on a first side of the second flexible
substrate compatibly to the first set of conductive connectors
to mechanically and electrically couple the second flexible
substrate with the first flexible substrate, and circuitry dis-
posed on a second side of the second flexible substrate to
receive and process readings provided by the first plurality of
sensors via the first and second sets of conductive connectors.

[0091] Example 17 may include the subject matter of
Fxample 16, wherein the first flexible substrate further
includes a second plurality of sensors disposed on the first
side of the flexible substrate; and a third set of conductive
connectors disposed on the first side of the flexible substrate
to mechanically and electrically couple the second plurality
of sensors with the first flexible substrate, wherein the cir-
cuitry is further to receive and process readings provided by
the second plurality of sensors via the first, second, and third
sets of conductive connectors, wherein the first plurality of
sensors comprises washable devices, and wherein the second
plurality of sensors comprises non-washable devices.

[0092] Example 18 may include the subject matter of any of
Examples 16 to 17, wherein the circuitry includes a sensor
front end module to excite the first plurality of sensors and to
pre-process signals comprising readings provided by the first
plurality of sensors, and a digital front end node communica-
tively coupled with the sensor front end module to convert
and further process the pre-processed signals provided by the
sensor front end module and to provide the processed signals
to an external aggregating device for further processing.

[0093] Example 19 may include the subject matter of
Example 18, wherein the first and second flexible substrates
comprise first and second wearable straps, wherein the one or
more apparatuses include one or more of: a wearable knee
strap apparatus, a wearable chest strap apparatus, a wearable
neck strap apparatus, a wearable wrist strap apparatus, or a
wearable foot strap apparatus, wherein the external aggregat-
ing device comprises a mobile computing device.

[0094] Example 20 is a method for providing a wearable
apparatus for sensor measurements, comprising: disposing a
first plurality of sensors on a first side of a first flexible
substrate to be in direct contact with a user’s body; disposing
afirst set of conductive connectors on a second side of the first
flexible substrate; disposing a second set of conductive con-
nectors on a first side of a second flexible substrate compat-
ibly to the first set of conductive connectors to mechanically
and electrically couple the second flexible substrate with the
first flexible substrate; and disposing circuitry on a second
side of the second flexible substrate to receive and process
readings provided by the first plurality of sensors via the first
and second sets of conductive connectors.

[0095] Example 21 may include the subject matter of
Example 20, further comprising: disposing a third set of
conductive connectors on the first side of the first flexible
substrate; and attaching a second plurality of sensors to the
first side via the third set of conductive connectors, wherein
the circuitry is to receive and process readings provided by the
second plurality of sensors via the first, second, and third sets
of conductive connectors.

[0096] Example 22 may include the subject matter of
Example 21, wherein disposing circuitry includes: disposing
a sensor front end module to excite the first plurality of
sensors and pre-process signals comprising readings pro-
vided by the first and second plurality of sensors.
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[0097] Example 23 may include the subject matter of
Example 22, further comprising: communicatively coupling
a digital front end node with the sensor front end module, to
convert and further process the pre-processed signals pro-
vided by the sensor front end module.

[0098] Example 24 may include the subject matter of
Example 20, further comprising: disposing a first wiring
arrangement inside the first flexible substrate to provide elec-
tric coupling between the first and second sets of conductive
connectors and between the first plurality of sensors and the
first set of conductive connectors.

[0099] Example25 may include the subject matter of any of
Examples 20 to 24, further comprising: disposing a second
wiring arrangement inside the second flexible substrate to
route electric signals between the second set of conductive
connectors and the circuitry

[0100] Various operations are described as multiple dis-
crete operations in turn, in a manner that is most helpful in
understanding the claimed subject matter. However, the order
of description should not be construed as to imply that these
operations are necessarily order dependent. Embodiments of
the present disclosure may be implemented into a system
using any suitable hardware and/or software to configure as
desired.

[0101] Although certain embodiments have been illus-
trated and described herein for purposes of description, a
wide variety of alternate and/or equivalent embodiments or
implementations calculated to achieve the same purposes
may be substituted for the embodiments shown and described
without departing from the scope of the present disclosure.
This application is intended to cover any adaptations or varia-
tions of the embodiments discussed herein. Therefore, it is
manifestly intended that embodiments described herein be
limited only by the claims and the equivalents thereof.

What is claimed is:

1. An apparatus, comprising:

afirst flexible substrate attachable to auser’s body, wherein
the first flexible substrate includes a first plurality of
sensors disposed on a first side of the first flexible sub-
strate to be in direct contact with the user’s body, and a
first set of conductive connectors disposed on a second
side of the first flexible substrate; and

a second flexible substrate that includes a second set of
conductive connectors disposed on a first side of the
second flexible substrate compatibly to the first set of
conductive connectors to mechanically and electrically
couple the second flexible substrate with the first flexible
substrate, and circuitry disposed on a second side of the
second flexible substrate to receive and process readings
provided by the first plurality of sensors via the first and
second sets of conductive connectors.

2. The apparatus of claim 1, wherein the first flexible sub-
strate further includes:

asecond plurality of sensors disposed on the first side of the
flexible substrate; and

a third set of conductive connectors disposed on the first
side of the flexible substrate to mechanically and elec-
trically couple the second plurality of sensors with the
first flexible substrate, wherein the circuitry is further to
receive and process readings provided by the second
plurality of sensors via the first, second, and third sets of
conductive connectors.
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3. The apparatus of claim 2, wherein the first plurality of
sensors comprises washable devices, and wherein the second
plurality of sensors comprises non-washable devices.

4. The apparatus of claim 2, wherein the first plurality of
sensors includes at least selected ones of: optical photo-
diodes, electrocardiogram (ECG) electrodes, electromyo-
gram (EMG) electrodes, galvanic skin response (GSR) elec-
trodes, piezo crystals, pressure sensors, or stretch sensors.

5. The apparatus of claim 2, wherein the second plurality of
sensors includes at least selected ones of: temperature sen-
sors, sweat chemical sensors, or motion sensors.

6. The apparatus of claim 2, wherein the first, second, and
third sets of conductive connectors comprise a flexible
stretchable substrate, including at least a selected one of:
elastic fabric, elastomer, or polymer.

7. The apparatus of claim 1, wherein the second flexible
substrate further includes one or more sensors disposed on the
second side of the second flexible substrate.

8. The apparatus of claim 1, wherein the circuitry includes
a sensor front end module to excite the first plurality of
sensors and to pre-process signals comprising readings pro-
vided by the first plurality of sensors, wherein to pre-process
includes to transduce, amplify, and condition the signals.

9. The apparatus of claim 8, wherein the circuitry further
includes a digital front end node communicatively coupled
with the sensor front end module to convert and further pro-
cess the pre-processed signals provided by the sensor front
end module.

10. The apparatus of claim 9, wherein the digital front end
node is to provide the processed signals to an external aggre-
gating device for further processing.

11. The apparatus of claim 1, wherein the first flexible
substrate comprises a first strap of a washable flexible mate-
rial.

12. The apparatus of claim 11, wherein the second flexible
substrate comprises a second strap of a flexible material that
is conformable to the first strap.

13. The apparatus of claim 1, wherein the first flexible
substrate further comprises a first wiring arrangement embed-
ded in the first flexible substrate to provide electric coupling
between the first and second sets of conductive connectors
and between the first plurality of sensors and the first set of
conductive connectors.

14. The apparatus of claim 12, wherein the first wiring
arrangement includes a selected one of: conductive traces
disposed inside the first flexible substrate or screen-printed in
the first flexible substrate, conductive threads woven or
embroidered on the first flexible substrate, or conductive pat-
terns deposited on a third substrate, wherein the third sub-
strate is moulded with the first flexible substrate.

15. The apparatus of claim 14, wherein the second flexible
substrate further comprises a second wiring arrangement dis-
posed inside the second flexible substrate to route electric
signals between the second set of conductive connectors and
the circuitry.

16. A wearable strap system, comprising one or more appa-
ratuses that include:

afirst flexible substrate attachable to a user’s body, wherein

the first flexible substrate includes a first plurality of
sensors disposed on a first side of the first flexible sub-
strate to be in direct contact with the user’s body, and a
first set of conductive connectors disposed on a second
side of the first flexible substrate; and
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a second flexible substrate that includes a second set of
conductive connectors disposed on a first side of the
second flexible substrate compatibly to the first set of
conductive connectors to mechanically and electrically
couple the second flexible substrate with the first flexible
substrate, and circuitry disposed on a second side of the
second flexible substrate to receive and process readings
provided by the first plurality of sensors via the first and
second sets of conductive connectors.

17. The wearable strap system of claim 16, wherein the first
flexible substrate further includes a second plurality of sen-
sors disposed on the first side of the flexible substrate; and a
third set of conductive connectors disposed on the first side of
the flexible substrate to mechanically and electrically couple
the second plurality of sensors with the first flexible substrate,
wherein the circuitry is further to receive and process read-
ings provided by the second plurality of sensors via the first,
second, and third sets of conductive connectors, wherein the
first plurality of sensors comprises washable devices, and
wherein the second plurality of sensors comprises non-wash-
able devices.

18. The wearable strap system of claim 16, wherein the
circuitry includes a sensor front end module to excite the first
plurality of sensors and to pre-process signals comprising
readings provided by the first plurality of sensors, and a
digital front end node communicatively coupled with the
sensor front end module to convert and further process the
pre-processed signals provided by the sensor front end mod-
ule and to provide the processed signals to an external aggre-
gating device for further processing.

19. The wearable strap system of claim 18, wherein the first
and second flexible substrates comprise first and second
wearable straps, wherein the one or more apparatuses include
one or more of: a wearable knee strap apparatus, a wearable
chest strap apparatus, a wearable neck strap apparatus, a
wearable wrist strap apparatus, or a wearable foot strap appa-
ratus, wherein the external aggregating device comprises a
mobile computing device.

20. A method, comprising:

disposing a first plurality of sensors on a first side of a first
flexible substrate to be in direct contact with a user’s
body;

disposing a first set of conductive connectors on a second
side of the first flexible substrate;

disposing a second set of conductive connectors on a first
side of a second flexible substrate compatibly to the first
set of conductive connectors to mechanically and elec-
trically couple the second flexible substrate with the first
flexible substrate; and

disposing circuitry on a second side of the second flexible
substrate to receive and process readings provided by the
first plurality of sensors via the first and second sets of
conductive connectors.

21. The method of claim 20, further comprising:

disposing a third set of conductive connectors on the first
side of the first flexible substrate; and

attaching a second plurality of sensors to the first side via
the third set of conductive connectors, wherein the cir-
cuitry is to receive and process readings provided by the
second plurality of sensors via the first, second, and third
sets of conductive connectors.

22. The method of claim 21, wherein disposing circuitry

includes:
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disposing a sensor front end module to excite the first
plurality of sensors and pre-process signals comprising
readings provided by the first and second plurality of
Sensors.

23. The method of claim 22, further comprising:

communicatively coupling a digital front end node with the
sensor front end module, to convert and further process
the pre-processed signals provided by the sensor front
end module.

24. The method of claim 20, further comprising:

disposing a first wiring arrangement inside the first flexible
substrate to provide electric coupling between the first
and second sets of conductive connectors and between
the first plurality of sensors and the first set of conductive
connectors.

25. The method of claim 20, further comprising:

disposing a second wiring arrangement inside the second
flexible substrate to route electric signals between the
second set of conductive connectors and the circuitry.

I I T T



patsnap

TRBR(F) EESNMEHERNITZBERRRE

[F(RE)F US20160157779A1 RF(REH) A 2016-06-09
HRiES US14/563801 g H 2014-12-08
FRIFE(FRR)AGE) RERLEAE

BRiE (TR A(F) AR T

HAREEIR)AGE) RERL

Il

[FRIRBAA BAXIAMIT S
MAGESHKUMAR VINCENT S
RANGANATHAN KUMAR

RHEA BAXI, AMIT S.
MAGESHKUMAR, VINCENT S.
RANGANATHAN, KUMAR

IPCH S A61B5/00 A61B5/1477 A61B5/11 A61B5/0492 A61B5/0408 A61B5/0205

CPCH¥%S A61B5/6831 A61B2560/045 A61B5/04085 A61B5/02055 A61B5/4266 A61B5/11 A61B5/0492 A61B5
/1477 A61B5/6828 A61B5/6823 A61B5/6822 A61B5/6824 A61B5/6829 A61B5/0002 A61B5/0533
A61B2562/0247 A61B2562/0261 A61B5/01 A61B2562/164 A61B2562/227 A61B5/0059 A61B5/0024

NEBGELE Espacenet  USPTO
RE(GX) e
ANFHEEHREATFIZBABRBREOBARNEE, E— 16 cnsedomme mevements

o, REETAEE-FHER , SFREES - FREROE 0L
NSRS HEEERGE—S MBS, URBBES REER L
B — 05 B — R EAR — B SRR | AR EES
“RUEFNE—MLHE-ASEERE SE-ASaEREER e
B, ANECRMERSE RGN RS  JFRRE Aoy e
REEF-RMEERL, BoREEROE—N  ATERALEEE Srveen
BEETE—AE LS RERRRENER, TUERADERRS

EES N

St

Bicod
Glucose

- EREG, Strsin.
\‘Keee kinemstics

. B12


https://share-analytics.zhihuiya.com/view/5d2460d1-854a-4102-8d05-1d2416a275ae
https://worldwide.espacenet.com/patent/search/family/056093173/publication/US2016157779A1?q=US2016157779A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160157779%22.PGNR.&OS=DN/20160157779&RS=DN/20160157779

