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WEARABLE ARTICLE WITH A KINETIC ENERGY GENERATOR

5  PRIORITY CLAM
HEEDY This application claims the benefit of priority of U.S. Provisional
Patent Application Scrial No. 62/168,487, filed on May 29, 2015, and to U.S.
Provisional Patent Application Serial No. 62/168,509, filed on May 29, 2015,
and to U.5. Provisional Patent Application Serial No. 62/168.535, filed on May
16 29,2015, the benefit of priority of cach of which is claimed hereby, and each

which is incorporated by reference herein in s entirety.

TECHNICAL FIELD

0602} The subject matter disclosed herein generally relates to a wearable

[
(v

article with a kinctic energy generator.

BACKGROUND

[6003] Mobile and wearable electronics conventionally combine compact
clectronic components with a self-contained, non-volatile power source. The

20 power source, such as a battery, supercapacitor, and the like, may provide power
for sensors, controllers, communications, and so forth. Data to and from the
clectronics may be transmitted via various forms of wired and wireless

COmMIMunIcations.

25 BRIEF DESCRIPTION OF THE DRAWINGS
0004} Some embodiments are illustrated by way of example and not
hmitation in the figures of the accompanying drawings.
[O005] FiGs. 1A and 1B are a cutaway depiction of a wearable article and
a block circuit diagram of electronic components of the wearable article, m an

360 example embodiment.
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006} FIG. 2 1s a block cirawt diagram of electronic componentry that

may be implemented in a wearable article, in an example embodiment.

{06071 FI(. 3 1s a graph 300 of a voltage output of a piczoclectric
generator and an amount of energy stored in an output storage capacitor over

time, in an example embodiment.

[B008] FIG. 4 13 a arcuit schematic of an implementation of power

componentis of a block circuit diagram, in an example embodiment.

HEERY FI(. 5 1s a flowchart for transmutting data from a wearable article
as a aser of the wearable article takes steps while wearing the wearable article, in

an example embodiment.

6010} FIGs. 6A-6C are examples of lavouts of piczoclectric generators

with respect to a bottom contour of a wearable article, in example embodiments.
{6611} FIG. 7 1s a block circuit diagram of a wearable article that is
configured o determine and transmit data indicative of a physical status of the
wearable article, in an example embodiment.

06012} FIG. 8 15 a voliage diagram llustrating a change in a voltage profile

cutput of a piczocleciric generator over ime, in an example embodiment.

0013} FiGs. 9A-9C depict an example of a wearable article flexing

according to a conventional step or footfall, in an example embodiment.

[00G14] FIG. 10 15 a flowchart for generating and transmitting an indication
of a physical status of a wearable article, in an example embodiment.

[06015] FIG. 11 block circuit diagram of a wearable article that is
configured to allow for programming ¢lectronic data to the wearable article by
flexing or otherwise manipulating the wearable article, in an example

embodiment.

[B016] FIG. 12 is an illustration of an apparatus for mechanically
manipuiating a wearable article to store data in the electronic data storage block,
m an example crubodiment.

{6617} FiG. 13 is a voltage diagram illustrating the translation of voltage
cutputs from a piczoelectric generator into electronic data, in an example

embodiment.

e
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6018} FIG. 14 is a flowchart for imparting electronic data to a wearable
article by mechanically manipulating the wearable article, o an example

embodiment.

DETAILED DESCRIPTION

(o

06019} Example methods and systems are directed to a wearable article
with a kinetic energy generator. Examples merely typify possible variations.
Unless explicitly stated otherwise, components and functions are optional and
may be combined or subdivided, and operations may vary in sequence or be

10 combined or subdivided. In the following description, for purposes of
cxplanation, numerous specific details are set forth to provide a thorough
understanding of example embodiments. It will be evident to one skilled m the
art, however, that the present subject matter may be practiced without these

specific details.

15 j6020] A wearable article has been developed that provides for the
collection and/or transmission of electronic data while remaining self-contained
and not reliant on making physical connections with outside sources of encrgy or
data. In various examples, the wearable article is an article of footwear that
mcludes a kinetic energy generator for ancillary energy harvesting, such as a

20 kmematic generator or a piczoclectric generator, in such a way as to obviate the
need for a non-volatile encrgy storage device. The kinetic energy gencrator
provides bursts of power to a volatile energy storage device, such as a capacitor,
based on the motion of the foot or leg. When sufficient energy becomes
available, electronics may collect data from sensors and/or transmit data via a

25 wireless link.

[0021] The wearable article may allow for, and does not foreclose, the
mclusion of components such as a non-volatile energy storage device and/or a
physical ink. However, the use of a kinetic energy generator and a volatile
energy storage device may provide for a wearable article that is sclf-contained
30  and not reliant on being plugged in to a power source or otherwise deliberately
recharged. Further, the lack of a physical port may reduce the articles

susceptibility to electrostatic discharge and water damage.

3
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6022} FIGs. 1A and 1B are a cutaway depiction of a wearable article 100
and a block circuit diagram 102 of electronic components of the wearable article
100, in an example embodiment. As illustrated. the wearable article 100 1s an

article of footwear. However, it is 1o be understood that while the principles

(v

described herein are with specific reference to the wearable article 100, the
principles described herein may be applied to any suitable wearable article, such
as articles of apparel, including sharts, pants, socks, hats, and the like, without

limitation.

[0023] The wearable article 100 includes an outsole 104 designed to come

10 mto contact with a surface, such as the ground or a floor, an insole 106
configured to seat a human foot, an upper section 108 configured to enclose the
human foot, and a tongue 110 configured to facilitate securing the wearable
article 100 to the human foot via laces 112, Tt is to be recognized that this is a
simplified depiction of a conventional wearable article 100 and that various

15 wearable articles 100 may incorporate any of a variety of components or
features. Further, certain wearable articles 100 may not incorporate all of these
features or may mclude these features in other formats {e. £, a sandal may
mecorporate the outsole 104 and a reconfigured vpper section 106 and no mscle
106, tongue 110, and faces 112). It is contemplated that the principles disclosed

20 herein will be applicable and adaptable to any of a range of wearable articles

100.

[0024] The wearable article 100 further includes piczoelectric generators
114 coupled to electronic civcuitry 116 and an antenna 118, The clectronic

circuitry 116 may include or be positioned on one or more circuit boards or other

]
2

suitable substrates.  As illustrated, the piczoelectric generators 114 and
clectronic circuitry 116 are scated, secured, or otherwise positioned within the
ouisole 104, In various examples, the outsole 104 forms a seal around the
piczoelectric generators 114 and clectronic circuitry 116 that is fully or
substantially waterproof and otherwise configured to protect the piezoelectric
30 generators 114 and clectronic circuitry 116 from environmental conditions that
may tend to damage or interfere with the operation of the piezoelectric

genecrators 114 and electronic circuitry 116. 1n alternative exampie, the
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piczoclectnce generators 114 and electronic circuity 116 may be positioned in any

suttable location on the wearable article 100.

[8625] Ag illustrated, the antenna 118 15 electrically coupled to the circut
board 116 and is positioned within the tongue 112, While the tongue 112 may
provide a prominent position for the antenna 118, the antenna 118 may be
posttioned anywhere on the wearable article 100 that will facilitate the antenna
118 conducting wireless commumications with a secondary antenna position
remote to the wearable article. Thus, for instance, the antenna 118 may be
pasitioned i vartous portions of the upper section 108 or in the outsole 104 or

msole 1006, as appropriate.

{0026} Referring specifically to the block circuit diagram 102, the
clectronic circuitry 116 mcludes a power management circuit 120, a power
management storage capacitor 122, an output storage capacttor 124, a wireless

transceiver 126, a controlier 128, and an electronic data storage 130,

06271 The power management circuit 120 is coupled over the
ptezoelectric generator 114 (it 1s noted that, for simphicity, the pigzoelectric
generator 114 as illustrated 1n the block circuit diagram 102 represents as many
piezoelectric generators as are mchuded in the wearable article 100). Inan
gxample, the power management circoit 120 includes a power management
mitegrated circuit and a rectifier. The power management circuit 120 controls the
flow, direction, and magnitude of the power generated by the piczoclectric

generator 114,

{00628} The power management circuit 120 is coupled to a power
management storage capacttor 122, The power management storage capacitor
122 1s sized and specified to charge at or based on voltage levels output by the
power management circuit 120, The power management storage capacitor 122
1s coupled to the output storage capacitor 124, The output storage capacitor 124
has a lower voltage rating than the power management storage capacitor 122 and
i3 variously charged by charge transfer or leakage from the power management
storage capacitor 122, As such, the cutput storage capacitor 124 provides a step-
down in voltage from the voltage levels of the piezoclectric generator 114,

power management circuit 120, and power management storage capacitor 122,

(9]
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[06029] The output storage capacitor 124 is coupled to the wireless
transceiver 126 and the controller 128, In an example, the wircless transceiver
124 15 configured as a receiver without transmitting functionality. Alternatively,

the wireless transceiver 124 may be configured to transmit and receive. The

(v

wireless transceiver 124 1s configured to communicate according 1o one or more
wircless modalitics. In an example, the wireless modality s oris related to a
Bluetooth low encrgy (BLE) standard. In an example, the BLE standard is

specified in the Bluetooth Core Specification, Version 4.1 (December 2013},

[06036] FIG. 2 is a block circuit diagram 200 of electronic componentry
1 that may be implemented in the wearable article 100, 1n an example
embodiment. The block cireunit diagram 200 mclades the components of the
block circuit diagram 102 as well as alternative and optional components. As
such, the block circuit diagram 200 may describe civenit blocks that include
components in addition or alternative to the components of the block circoit

15 diagram 102

{86631} The block circuit diagram 200 includes a kinetic energy generator
block 202, a volatile energy storage block 204, a wireless transmission block
206, an electronic data storage block 208, an optional controller 210, and an
optional scnsor block 212, In various examples, the block circuit diagram 200
20 mayv be applied to any suitable wearable article and the components of the
slectronis system 200 adapted to the particular circumstances in which they have

been applied.

{6632} The kinetic energy generator block 202 optionally meludes the
piezoelectric generators 114, as illustrated. In various examples, the kinetic
25 energy generator block 202 may additionally or altematively include kincmatic
generators and any other of a variety of kinetic energy generators known in the
art or that may be developed. In such examples, the piezoslectric gencrators 114
may be replaced with or supplemented by the kinematic generators in the
wearable article 100, The kinematic generators would not necessarily be placed
30 inthe outsole 104 like the prezoglectric generators 114 and may, mstead, be
positioned anywhere on the wearable article 100 as appropriate.
{6633} The kinetic energy generator block 202 produces a voltage and
current based on physical motion. In the case of the piezoelectric generators

6
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114, the voltage and current are produced based on a flexing of the piezoelectric
generators 14 that results from: the flexing of the wearable article 100, Thus,
with the piczoclectric generators 114 positioned in the outsole 104 as illustrated,

as the outsole 104 flexes, e.g., because of a wearer of the wearable article taking

(v

a step, the piczoelectric generators 114 alsc flex, resulting in the induced voltage
and current. ft is to be recognized that if a kinematic geverator were
meorporated in addition to or instead of the piczoelectric generators 114 then the
voltage and current as generated may be based not in principal part on flexing of
the wearable article 100 but on the movement of the wearable article 100 relative
10 1o a reference point, such as Barth’s gravity. For instance, such movement may
be based on the movement of a wearer’s foot and leg during walking or running
for an article of footwear or the swinging of the wearer’s arm for a shirt,

wristband, or the hike.

06034} The volatile encrgy storage block 204 includes a volatile energy

13 storage component, such as a capacitor, and is posttioned on the circuit board
116, The volatiie energy storage block 204 is configured to store energy for
relatively short periods of time, as understood in the art. Thus, for nstance,
while the volatile energy storage block 204 may store energy for time periods on
the order of milliscconds or seconds, the volatile energy storage block 204 may

20 ot store energy in a form that is resilient for hours, days, or more, m contrast to
a batterv, a supercapacitor, and the like. The volatile energy storage block 204
may include the cutput storage capacitor 124 as well as the input storage

capacitor 122, in certain embodiments.

6635} The wircless transmission block 206 mncludes componentry that

]
2

may be utilized to transmit data stored in the electronic data storage block 208.
The wireless transmission block 206 may mclude the antenna 118 and the
wireless transceiver 126, In such an example and others, the wireless
transmission block 206 may be or may optionally function as a wireless
transceiver block, configured to both transmtt and receive data in wireless

30 signals. Alternatively, the wireless transmission block 206 may include only
wireless transmission circoitry and may not be configured to receive wireless

signals.
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6036} The wireless transmission block 206 may utilize any suitable
wircless transmission or transceiver system, incloding near ficld communications
{(NFC), radio frequency identification (RFID) technologies, and the like that may

be powered based on the storage and output of the volatile energy storage block

(v

204 The wireless transmission block 206 may utihize or incorporate the circuit
board 116 which may be or which may incorporate a dedicated substrate or “tag”
on which to position the components of the wireless transmussion block 206,

such as an RFID tag known in the art.

{6637} In various examples, the electronic data storage block 208 is or

10 includes the electronic data storage 130, In certain examples, the electronic data
storage block 208 is non-volatile, writcable electronic data storage, sach as an
clectrically erasable programmable read-only memory (EEPROM), such as flash
memory, or any other suitable non-volatile clectronic data storage known in the
art. However, it is to be understood that, i various additional or alternative

15 examples, the electronic data storage block 208 may be or may inchide volatile
clectronic data storage, such as random access memory (RAM) or other suttable

volatile electronic data storage known in the art.

{0638} The electronic data storage block 208 includes electronic data that
is related to some or all of the wearable article 100, an owner of the wearable

20 article, a manufacturer of the wearable article 100, or any other information that
may be pertinent to various circumstances. In various examples, the information
mcludes a make, model, and unique identificr, such as a serial number, of the
wearable article 100, a name or other identifier of the owner or original

purchaser of the wearable article, proprietary information related to the

]
2

manufacturer of the wearable article 100, including information related to the
place, date, and circumstances of the manufacture of the wearable article 100,
the place, date, and circumstances of the purchase of the wearable article 100,
purchase history of the owner or original purchaser of the wearable article 100,
mchuding iterns other than or in addition to the wearable article 100, a current
36 date and time, and so forth. Further information may be added 1o the electronic
data storage block 208 over time, including a step counter and a clock.
Additional information may be stored in the elecironic data storage block 208 as

disclosed herein or as may be appropnate or desired.
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[6039] In an example, the electronic data storage block 208 is configared
to store a 16-bit current date, an 18-bit current time. a counter of accumulated
steps taken by or 1 the wearable article 100 in twenty-two (22) bits of storage,

and a unique 1dentification number of the wearable article 100 or the purchaser

(v

or user of the wearable article 100 1n thirty (30} bits of storage, for a total of
cighty-six (86} bits. In an example, the clectronic data storage block 208 is only
or substantially only sufficiently large to store the eighty-six {86) bits or any
number of bits as may be necessary {0 store the desired mformation.
Alternatively, the electronic data storage block 208 may incorporate sufficient
10 clectronic data storage to store, for instance, time-stamped data regarding when

mdividual steps are taken.

[0040] A dedicated controller 210 15 opticnally mcluded to provide
dedicated control function for the componentry of the block circuit diagram 200,
The controller 210 mav be or may mehude the controller 128 The controller 210

13 obtains inputs from various blocks of the circuit diagram 200 and countrols the
operation of various blocks as disclosed herein. In various examples, control
circuitry of various blocks, including the wireless transmission block 206 and the
clectronic data storage block 208 may obviate the need or utility of a separate
controller 210, In such circumstances, individual blocks may perform the

20 functions and operations disclosed herein on an individual basis as appropriate
without use of a central controller 210, Altematively, the controller 210 may be
understood to be an amalgamation of all control functionality of the block circuit
diagram 200, including from a dedicated controller as well as native control

functions of individual blocks.

]
2

{0041} The optional sensor block 212 includes sensors that may be utilized
mn recording operational or use data of the wearable article 100, In an example,
the sensor block 212 imcludes an accelerometer. The accelerometer outputs data
mdicative of acceleration of the wearable article to the controller 210, The
controller 210 may variously covert the accclerometer output to data indicative
30 of anumber of steps a wearer of the wearable article has taken and store the data
i the electronic data storage block 208 or may store the raw accelerometer
cutput data in the electronic data storage block 208, The steps and/or

accelerometer data may then be output by the clectronic data storage block 208

9
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as desired, for instance for transmitial to a receiver via the wireless transmission
block 204.

0042} The sensor block 212 may, in various examples, include one or

more additional sensors instead of or in addition to the accelerometer. Such

(v

additional sensors may include some or all of a gyroscope, a moisture sensor, a
magnetometer, a hight sensor, a pressure sensor, a shear-force sensor, and a
sweat sensor, among other suitable sensors. As with the accelerometer example,
data output from the 1odividual sensors may variously be interpreted by the
controller 210 and data or mformation related to the interpretation stored in the
10 electromic data storage block 208, or raw data from the various sensors may be

stored in the electronic data storage block 208.

[0043] FIG. 3 15 a graph 300 of a voltage output 302 of the piczoclectric
generator 114 and an amount of energy stored 304 in the output storage capacitor
124 over time 306, in an example embodiment. While the graph 300 45

15 described with respect to the stated components of the wearable article 100 1n
particular, it 1s to be understood that the graph 300 and the principles that
underlie the graph 300 may be applied to the kinetic energy generator block 202
and the volatile energy storage block 204 in general. The graph is abstracted to
illustrate the principles of use of the wearable article 100 and the precise

20 morphology of voltage 302 and energy stored 304 curves may vary depending
on any of a variety of circumstances of use of the wearable article 100 and

particular timplementations of the components of the wearable article 100,

{6044} As the piezoelectric generator 114 is flexed, for instance while the
wearable article 100 is being worn and the wearer 1s walking, ronning, or

25  otherwise stepping or making footfalls, the voltage response is generated by the
piezoclectric generator 114 and the voltage output 302 1s transmitted to the
power management circuit 120 and, sltimately, to the output storage capacitor
124. Where the voltage output 302 reflects a standard stepping action, the
voltage output 302 includes a rise 308, peak 310, and fall 312 back to a baseline

30 314 for cach step. Dependent on the lag introduced by the power management
circuit 120 and power management storage capacitor 122, the voltage cutput 302
ultimately results in encrgy that is delivered to and stored in the output storage

capacitor 124,

10
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[0045] Unlike the voliage output 302, the energy stored 304 on the output
voltage capacitor 124 is substantially retained. While some energy may feak
from the output voltage capacitor 124 over time, over a pertod of one or several

seconds the leaked energy may be minimal or effectively negligible for the

(v

purposes of this Hlustrative example. Thus, ag the voltage output 302 increases
and decreases with each step, the energy stored 304 tends to increase over time

m proportion to the amount of voltage generated over time.

{3046} Energy stored 304 in the output storage capacitor 124 may be
utilized for a variety of purposes related to the components of the block circuit
10 diagram 102, 200. The energy stored 304 may be utilized to operate the
controller 128, 210 and sensor block 212, among other components. When the
energy stored 304 is utilized for such a purpose the encrgy stored 304 may
decrease with time in relation to the energy utilized to operate the components

that arc utibizing the power.

15 0647 The wireless transceiver 126 similarly draws power from the output
storage capacitor 124, However, the wireless transceiver 126 may require an
amount of encrgy that is substantially higher than the energy utilized by other
components of the block circuit diagrams 102, 200 in order to transmit data at a
suitable or desired signal strongth. An energy stored threshold 316

20 corresponding to the amount of energy needed by the wireless transceiver 126

may be predetermined and set.

{06048} Upon the encrgy stored 304 exceeding the threshold 316, the output
storage capacttor 124 1s discharged 318 to temporarily and discretely power the
wireless transceiver 126, The wireless transceiver 126 thus advertises or
25 “bursts” data that is stored in the clectronic data storage 130, In various
examples, cach advertisement burst variously lasts either a predetermined time
or for an amount of time sufficient to transit the data as specified by the
controller 128. As an advertisement, the wircless transceiver 126 does not
transmit data to a particular destination but rather transmits the data such that the
30 data may be recetved by any suaitable receiver within communication range of
the wircless transceiver 126,
3349] The voltage output 302 as lustrated with multiple peaks 310 may
represent a single step, with one step corresponding to one peak 310 in examples

i
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with onlv one piezoelectric generator, or individual actaations of multiple
piczoclectnic generators 114 over the course of a single step. Accordingly, the
iHustrated example voltage output 302 may be generated over the course of a

single step when a piezoclectnic generator 114 positioned at the front of the

(v

wearable article 100 flexes when the heel rises off the ground at the start of a
step and then when a piezoelectric generator at the back of the wearable article
100 1s actuated when the hecl of the wearer strikes the ground at the completion

of the step.

LEESH] Individual wireless bursts may include various types of data, as

10 disclosed herein. In various examples, each burst includes an identifier of the
article of footwear. In certain examples, each burst includes only the identifier
of the article of footwear. o other examples, cach burst includes the identifier of
the article and any or all of the data pertaining to the wearable article 100, the
owner or initial purchaser of the wearable article 100, the manufacturer of the

15 wearable article 100, and so forth.

06511 Wireless bursts mav also include data that 1s based on the output of
the sensor block 212, if included. Thus, in an example where the sensor block
212 1s or includes an accelerometer, the controller 128, 210, based on it
mterpretation of the output from the accelerometer, notes acceleration profiles
20 that correspond to steps being taken by a wearer of the wearable article 100 and,
for each step. incrementing a step counter that is stored i the electronic data
storage 130. In such an cxample, some or all of the wireless bursts nclude the

step counter value.

{0052} The controlier 210 may further identify steps based on

25 characteristics of the voltage output 302, In an example, characteristics of the
voltage output 302 may be known o correspond to a step, such as the peak
voltage 310 and the rise 308 and fall 312, For instance, a step may be identified
if the peak voltage 310 meets or exceeds a predetermined step threshold voltage.
By way of further example, a step may be identitied 1f the peak voltage 310

30 meets or exceeds the predetermined step threshold voltage and at least one of the
rise 308 and the a1 312 is within a particolar duration window, e.g | because the
rise 308 or fall 312 was neither too fast nor too slow to have been caused by a

step or footfall. The characteristics of the voltage output 302 that indicate a step
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may be highly dependent on the characteristics of the wearable article 100, such
as the wearable article’s 100 general stiffness, and the particular charactenstics
of a voltage output 302 that may be interpreted as a step may be separately and

mdividually determined for a given wearable article 100.

(v

{0653} The wireless bursts are, in various examples, without respect to the
presence of another antenna 1o receive the wireless signals. In those examples,
the wireless burst ocours when the energy stored threshold 316 is met. Ifa
receiving antenna is within range of the antenna 118 at the time of the wircless
burst then the information included m the wircless burst may be received and

10 utilized. Ifareceiving antenna is not within range of the antenna 118 then the

transnmission from the antenna 118 may be lost or be unused.

[0054] FIG. 4 1s a circutt schematic 400 of an implementation of power
components of the block circuit diagram 102, i an example embodiment. In
particular, the circuit schematic provides an example ¢mbodiment of the

15 piczoclectric generator 114, the power management circuit 120, the power
management storage capacitor 122, and the output storage capacitor 124 blocks

of the block circuit diagram.

[B055] In the llustrated example, the piczoclectric generator 114 is
coupled to prezoelectric input terminals 402 of an energy harvester 404, In the

20 illustrated example, the energy harvester is an LTC3588-1 energy harvester by
Linear Technology Corporation, though it is emphasized than any suitable
component, whether off the shelf or custom designed may be used instead of or
i addition to the particular encrgy harvester tlustrated with respect to this

example embodiment.

25 |0Bs6] Capacitors 406, 408 of the power management storage capacitor
block 122 arc coupled to a voltage input terminal 410 of the cnergy harvester
404. The capacitors 406, 408 are selected from two different types of capacitors
with different electrical charactenistics that, included tfogether and in parallel,
may provide a desired power management storage capacitance over a variety of

3¢ voltages that may be generated by the piezoelectric generator 114, In particular,
n the example cortbodiment, the capacitors include two tantalum capacitors 4406,
each with a capacitance of ten (10} microFarads and a voltage rating of twenty
(20} Volts, and two ceramic capacitors 408, each with a capacitance of forty-

13
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seven {(47) microFarads and a voltage rating of twenty-five (25) Volts.
However, it ts noted and emphasized that the power management storage
capacttor block 122 may utilize any one or more capacitors as appropriate based

on the circumstances of the implementation of the power management cireuit

(v

120 and the wearable article 100 in general.

{6057 FIG. 5 is a flowchart 500 for transmitting data from the wearable
article 100 as a user of the wearable article 100 takes steps while wearing the
wearable article 100, in an example embodiment. While the flowchart 300 is
specifically described with respect to wearing the wearable article 100, it isto be

10 understood that uses of wearing the wearable article 100 may be substituted for
manual manipulation of the wearable article 100 to produce the same or similar
effect. Moreover, a user 1s not necessarily a person but rather may be any animal
or machine that may wear or otherwise manipulate the wearable article 100.
Further, while the flowchart 1s described with respect to the pieroelectric

15 generator 114, it 1s to be understood that principles described may apply to the
kinetic energy generator block 202 m general and any other kinetic energy
generator that may be uvtilized instead of or 1n addition to the piczoelectric

generator 114.

[0058] At 502, the power management circuit 120 waits to receive an input

20 from one or more piezoelectric gencrators 114,

{0059] At 504, the flexing of the piczoclectric generator 114 induces a
voltage output 302 from the piezoelectric generator 114 that is received by the
power management circuit 120, The voltage output 302 is commensurate with
and related to the nature of the step, in that 1f the step is relatively fast then rise
25 308 and fall 312 may be relatively short while the peak 310 may be relatively
high, while 1t the step 1s relatively siow then the rise 308 and fali 312 may be

relatively long while the peak 310 may be relatively low.

[6664] At 506, the power management circuit 120 receives energy
generated by the piezoelectric generator 114, based on the voltage and resaliant

30 current generated by flexing the piczoclectric generator 114, The power
management circuit 120 optionally shifts a voltage or otherwise converts the
encrgy received from the piezoelectric generator 114 and stores the energy in the
culput storage capacitor 124, including by adding the cnergy from the

14
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(v

16

piczoclectnic generator 114 to energy already stored in the output storage

capacttor 124,

{0061} At 508, the controller 128 optionally determines if a step has
oceurred. The controller 128 may determine a step has occurred based, for
mstance, on the peak voltage 310 exceeding a predetermine threshold and/or
according to any conditions that may tend to mdicate that the energy generated
by the piezcelectric generator 114 was from a footfall. Addinonally or
alternatively, sensor data from the sensor block 212, such as from an
accelerometer, may supplement or replace an analvsis of the encrgy generated by

the piezoelectric generator in identifving a step.

{0062} At 310, if the controller 128 determines that a step has occurred
then the controller 128 merements the step counter in the electronic data storage

130 and/or the electronic data storage block 208,

{0063} At 512, the controller 128 determines 1f the cnergy stored in the
oufput storage capacitor 124 equals or exceeds the energy stored threshold 316,
Ag illustrated, the determination of the amount of energy stored in the output
storage capacitor 124 is based, at least in part, on receiving energy from the
power management circuit 120, However, in various examples, the
determination of the amount of energy stored in the output storage capacitor 124
may be continnal, periodic, or otherwise occur not necessarily with respect to or
dependent on a discrete occurrence of recetving or having received encrgy from
the power management circuit 120, If the energy stored in the oulput storage
capacttor 124 does not equal or exceed the energy stored threshold 316, the
flowchart 500 returns to 502, If so. the threshold 316 is met the flowchart 500

proceeds to 514.

[3064] At 514, the controller 128 causes the wireless transceiver 126 to
draw energy from the output storage capacitor 124 and transmit data from the
electronic data storage 130 and/or the electronic data storage block 208, In
various examples, the wireless transceiver 126 transmits all of the data stored in
the electronic data storage 130 and/or electronic data storage block 208 with
cach burst. Alternatively, the controller selectively bursts data stored in the

electronic data storage 130, In various examples, the wireless transceiver 126
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transmits the data as an advertisement and without respect to any intended
recipient of the data.
[0065] FiGs. 6A-60 are examples of layvouts of piezoeleciric generators

114 with respect to a bottom contour 600 of the wearable article 100, in example

(v

embodiments. The bottom contour 600 is presented for clarity and it is to be
understood that the piezoelectric generators 114 will actually be disposed within
the wearable article 100 1n the manners disclosed herein, e.g., embedded within

or between one or more of the outsole 104 and the insole 106.

{8066] In FIG. 6A, the piezoclectric generator 114 1s positioned extending

10 laterally across a forefoot region 602 of the wearable article 100, approximately
where the ball of a buman foot is scated when wearing the wearable article 100.
The forefoot region 502 may tend to nclude, on average, the greatest amount of
longitudinal flexing of any region of the wearable article 100 during a step or
footfall. By extending the piczoelectric gencrator 114 laterally across the

15 forctoot region 602, flexing of the piezoelectric generator 114 and, as a result,
power gencrated by the piezoelectric generator 114, may be maximized relative
to positioning the piczoclectne generator 114 in other locations on the wearable

article 100,

[O067] FIG. 6B shows a configuration of multiple piczoelectric generators
20 114 that may be implemented instead of or in addition to the arrangement of the
piczoelectnic generator 114 m FIG. 6A. In particular, the piczoclectric
generators |14 are dispersed gencrally over the bottom contour 600. In such an
example, the resultant voltage output 302 may consist not necessarily of clear
peaks 310 and rise 308 and fall imes 312 but rather of a varving but relatively

25 steady voltage over the course of a step.

[(3068] FIG. 6C shows a configuration of two piezoclectric generators 114,
one positioned at the front of the wearable article 100 in the forefoot region 602
and the other positioned at the back of the wearable article 100 in the heel region
604. This configuration may generate the voltage output 302 as received at the
3¢ volatile encrgy storage block 204 ilustrated m the graph 300, first by flexing the
forefoot region 602 at the start of a stop and actuating the piczoclectric gencrator
114 n the heel at the completion of the step. It 13 noted and emphasized that the
voltage cutput 302 illustrated in the graph 300 may be generated from other

16
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configurations of piezoelectric gencrators 114, including by taking multiple steps
i a wearable article 100 with only one piezoelectric generator 114 or multiple
piczoclectric generators 114 that are not all necessarily actuated during a single

step.

(v

{0069} FiG. 7 15 a block circuit diagram 700 of g wearable article 100 that

is configured to deternune and transmit data indicative of a physical status of the

wearable article 100, in an example embodiment. The block circunit diagram 700

may be implemented with respect to the components Hlustrated with respect to

FiGs. 1A and 1B along with additional components disclosed hercin.

10 Furthermore, certain components of the wearable article 100 may be omitted or
not used to the extent that those components are not aseful n the implementation
of the block circuit diagram 700. In various examples, the wearable article 100
is an article of footwear, as disclosed herein, though any suitable wearable articie
may be utilized. Furthermore, while the components of the block circuit

15 diagram are described with respect to being components of a particular wearable

article 100 or article of footwear, it is to be understood that a system may include

the various components not necessarily co-located on the same wearable article

100.

[BG70] The example illustrated in the block circuit diagram 700 may be

20 utihized m conjunction with and in the same wearable article 100 as other
examples, such as the block circuit diagram 200, In such examples, components
of the block cireuit diagram 102 may correspond to blocks in both the block
circutt diagrams 200 and 700. Thus, for instance, the piezoclectric generator 114

may both provide power to the volatile energy storage block 204 foruse in a

]
2

burst data advertisement as well as voltage to a voltage sensor o block diagram
700 for usc in determining a change 1n the physical status of the wearable article
100, Moreover, particular components described with respect to the block
circuit diagram 700 may be implemented in other examples of the wearable
article 100, whether illustrated herein or not.

30 {6071} The block circuit diagram 700 includes piezoelectric generator 702,
such as the piczoclectric generator 114, The piczoclectric generator 702 may be
understood to be anv suitable kinetic cnergy generator that is known or that may

be developed that responds to a flexing of the wearable article and may be m any

17
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suttable orentation disclosed herein or that may provide information related to a
physical status of the wearable article 100.
10072} A voltage sensor 704 is coupled to the piezoelectric generator 114

and 1s configured to sense the voltage cutput 302 of the piezoelectric gencrator

(v

114, The voltage sensor 704 geuerates a voltage sensor output that is mdicative
of the voltage as sensed. The voltage sensor is coupled to an electromic data
storage block 706, such as the electronic data storage 130. The voltage sensor

cutput may be stored as data in the electronic data storage block 706,

10073} A controller block 708 optionally includes the controlier 128 and
10 other componentry that may distinguish between and among various outputs of
the voltage sensor 704. The controlier block 708 optionally includes the voltage
sensor 704 and a comparator. The controller block 708 accesses voltage sensor
cutputs as stored in the electronic data storage block 706 and compares those
voltage sensor outputs over time to determine a physical status of the wearable
15 article 100, as disclosed hercin. The controlier block 708 may also manage any
control function of the wearable article 100, including storing data to the
clectronic data storage block 706 and accessing data from the clectronic data

storage block 706.

[0074] A wirgless transmission block 710 includes the wireless transcetver
20 126 and the antenna 118 and may be the same or incorporate similar

functionality as the wireless transmission block 206, The controller block 708

may control the wireless transmission block 206 to transmit data indicative of

the physical status of the wearable article 100,

{0075] The block circuit diagram 700 optionally further includes a power
25 source 712, such as a battery. The power source 712 may not be imcluded in
various examples in which the piezoelectric generator 702 may supply the
necessary power to operate the circuitry of the block circuit diagram 700, as
disclosed herein with respect to the wearable article 100, However, in various
examples, the power scurce 712 may vanously supplement or replace the power
30 provided by the piczoelectric generator 702, The power source 712 may be
rechargeable, replaceable, or inaccessible for charging or replacement as known

m the art.
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6076} The block diagram 700 optionally further includes components and
devices that are external to the wearable article 100, In particular, a wircless
recetver 714 may receive the wireless signals transmitted by the wireless

transnussion biock 710, A user interface 716 may display or otherwise convey

(v

mformation indicative of the physical status of the wearable article 100 as
received in the wireless transmission by the wireless receiver 714, The user
miterface 716 may include a visual display, a speaker, or other mechanism for
providing the indication of the physical status of the wearable article as well as

computing components as would be necessary (o operate the user interface 716,

10 [6677) It is emphasized that the block diagram 700 illustrates components
that may be utilized for the purposes of determining and transmitting data
imdicative of a physical status of the wearable article 100, in an example
embodiment. The wearable article 100 may thus include not only the
components of the block diagram 700 but also any additional components that

15 are described herein in addition o those components illustrated in the block
diagram 700. Thus, additional examples that are based on the block diagram 700
may incorporate components that may be used for data advertising and storage
of electronic data, as disclosed heren, as well as addrtional features or

functionality that may be useful vader various circumstances.

20 [B878] FIG. 8 15 a voliage diagram 800 llustrating a change in a voltage
profiic output of the piczoclectric generator 702 over time, in an example
embodiment. The voltage diagram is illustrative and abstract and it is to be
understood that the voltage profiles may have many different morphologies

depending on the nature of the wearable article 100 and the way that imdividual

]
2

wearers of the wearable article 100 use the wearable article 106, Thus, the way
i which a wearer of the wearable article 100 walks or runs while wearning the
wearable article 100 may change the morphology of the voltage profiles.
However, it is to be understood that the principles iHlustrated with respect to the
tHustrative voltage profiles may be applied to any of a varicty of voltage profiles

36 and a variety of circumstances.

{0679} Further, while the voltage profiles are Ulustrated graphically for the
purposes of this description, it 1s to be understood that the comparison of one

voltage profile to another may be not on the basis of a full representation of a
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voltage profile to another but rather between and among discrete charactenistics
of the voltage profiles. Thus, as will be described herein, rather than necessarily
comparing complete morphologics of voltage profiles, the controller block 708

may compare discrete characteristics of the voltage profiles, including peak, nise

(v

time, fall time, and overall duration of the profile, as disclosed heremn.

[088] The voltage diagram 800 includes a first voltage profile 802
obtained from the output of the piezoelectric generator 702 and converted nto a
sensor signal by the voltage sensor 704 at a first time. The voltage diagram 806
further includes a sccond voltage profilc 804 obtained from the output of the

10 piezoelectric generator 702 and converted into a sensor signal by the voltage
sensor 704 at a sccond time later than the first time. In various examples, the
first and second times are not discrete imes but rather may represent an average
or other statistical relationship of mdividual voltage profiles over a window or
period of ime. Thus, the first voltage profile 802 may represent an average of

15 individual outputs from the piczoelectric generator 702 over a first window at or
around the first time and the second voltage profile 804 may represent an
average of individual outputs from the piezoelectric generator 702 over a second

window at or around the second time.

{0081} For the purposes of the voltage diagram 800, time may be

20 understood or accounted for in a variety of suitable manners. In an example,
time may be absolute time measured in seconds, minutes, hours, days, and so
forth. However, alternatively or additionally, time may be indicative not of
absolute time but of events, such as steps of footfalls or outputs form the

piezoelectric gencrator 702 that are interpretable as steps or footfalls, as

]
2

disciosed herein. Thus, in an example. each voltage profile 802, 804 represents
an average of voltage profiles over one thousand (1,000} steps or other suitable
or appropriate window. Additionally, the time between the first and second
times may, in various examples, be one week, one month, or other suitable
amount of time, or may be a suitable number of steps, such as ten thousand

36 {10,000 or one hundred thousand (100,000) steps or footfalls.

{0082} in general, the first voltage profile 802 corresponds to a time in
which the wearable article 100 has experienced relatively little overall use while

the second voltage profile 804 corresponds to a ime m which the wearable

20
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article 100 has been womn down, at least to an extent, through use. In particular,
as the wearable article 100 structurally deteriorates the support provided by the
wearable article 100 to a wearer of the wearable article 100 may tend to

decrease. Thus, initialiv the wearable article 100 may have greater stiffness and

(v

resistance to being flexed at the first time than at the second time. Because the
wearable article 100 produces relatively less resistance to being flexed at the
second time than at the first time, the rise time 308 and fall time 312 may tend to
shorten while the peak voltage 310 may tend to increase. Thus, by measuring a
change in one or more of the rise 308, peak 310, and fali 312 from the first

10 voltage profile 802 to the sccond voltage profile 804, a physical condition of the

wearable article 100 may be inferred.

{0083} In an example, the first time at which the first voltage profile 802 is
taken 1s at or 1s shortly after the wearable article 100 is first used by auser. Inan
example, a window that accoants for the first time 1 the average of the first ten
15 thousand (10,000} steps taken with the wearable article 100, Following that, a
rofling window of ten thousand (10,000) steps may be utilized as the second time
for the second voltage profile 804, The rolling window for the second time may
be updated every ten thousand (10,000) steps, e. g, with each new step creating a
new window of the ten thousand {10,000} immediately preceding steps, or may
20 be considered for consecutive, non-overlapping ten thousand (10,000) step
blocks, e.g., steps 100,000-109,99% would be one window, steps 110,000-
119,999 would be ancther window, and so forth, It is emphasized that while ten
thousand (10,000) steps are used as an example, any of a variety of steps or

actual time may be utilized as appropriate or desired.

N
(4

{0084} As described herein, the voltage profiles 802, 804 are generated
based on the voltage sensor 704 producing a sensor output from the output of the
piezoclectric generator 702, In an example, the sensor output 1s some or all of
the rise time 308, the fall time 312, and the peak voltage 310 ofa step or is
discrete output voltages over time that may then be iterpreted by the controller
30 block 708 as pertaining to rise 308, peak 310, and fall 312 of a step. The voltage
sensor 704 may variously transmit the sensor output to the controlier block 708,

which then saves rise 308, peak 310, and fall 312 (o the electronic data storage
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block 706, or may save the sensor output directly to the electronic data storage

block 704.

[0085] The controlier block 708 may variously directly access the sensor

output to obtain the second voltage profile 804 or access the clectromic data

(v

storage block 706 to obtain the sensor output data as stored. Having generated
the voltage profiles 802, 804, the controller block 708 then compares the first
voltage profile 802 with the second voltage profile 804 to determine a change in
some or all of the rise time 308, peak voitage 310, and fall time 312. Based on
the comparison, the controller block 708 determines an indication of the phvsical

10 status of the wearable article 100,

{0086} In an example, the indication of the physical status of the wearable
article 100 1s a reconunended replacement of the wearable article 100, fn such
an example, the controller block 708 determines that the physical status of the
wearable article 100 is such that the wearable article 160 has wom out or

15 otherwise exceeded its suitable usable life and therefor replacement is
recommended. The indication of the physical status may additionally or
alternatively be a mumerical indication of the deterioration or remaining useful
life of the wearable article 100, For instance, the controller block 708 may
determine a percentage of useful life remaining of the wearable article or an

20 anticipated time wuntil replacement based on the comparison of the first voltage

profiic 802 to the second voltage profile 804,

{06871 Additionally or alternatively, at least some of the function of the
controller block 708 may be performed by a controller or processor external to
the wearable article 100, In such an example, the controller block 708 may

25  perform some of the operations needed to determine the physical status of the
wearable article 100 and then transmit data to a relatively more powerful or
capable processor or controller via the wireless transmission block 710 to
generate the actual physical status. Thus, the controlier black 708 may be

understood to mclude computing or controlling resources

30 [0088) In an example, the controller block 708 determines the indication of
the physical status of the wearable article 10 based on a percentage change in
one or more of the rise 308, peak 310, and fall 312 from the first voltage profile
302 to the second voltage profile 804 In an example, the percentage change is
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an increase in the peak voltage 310 of twenty-five (25) percent or more and a
decrease in rise time 308 and fall time 312 of twenty-five percent (25} or more.
It is noted and emphasized that the percentage change to indicate a

recommended replacement of the wearable article 100 may be dependent on the

(v

nature of individeal models and types of the wearable article 100, Thus, while
certain types may allow for a relatively large loss of structural stability before
replacement is necessarly recommended, it may be advisable to replace other
tvpes of wearable article 100 after relatively small amounts of structural
deterioration. Thus, the percentages of increase or decrease in the voltage

10 profiles 802, 804 that may result in a reconunended replacement of the wearable
article 100 may be directly dependent on the characteristics and expected uses of

the particular wearable article 100 that is being assessed.

089} In an example, the controller block 708 provides an indication of
the physical status of the wearable article 100 based on the data advertisement

15 principles descnbed with respect to the block circait diagram 200 and the
flowchart 500. In such an example, the data burst may nclude an indication of
the physical status of the wearable article 100 along with other data. In such an
example, a receive may detect the data burst and a computing system may read
the indication of the physical status of the wearable article 100 and provide a

20 wvisual or other indication of that physical status. In an example, a user interface
coupled to the receiver and a processor may, based on the indication of the
physical status, display a message that the wearable article 1006 does not need to
be replaced, is recommmended to be replaced, or other data related to the physical
status of the wearable article, such as an estimated time until replacement will be

25 recommended or a percentage deterioration in the wearable article 100,

[B090] Additionally or altematively, the indication of the phvsical status of
the wearable article 100 may be transmitted to be presented on a user mterface or
otherwise communicated to a user according to any of a variety of mechanisms.
For mnstance, the clectronic data storage block 706 may include a removable data
30 storage that may be removed and mserted 1n a reader. The wearable article 100
may incorporate a port, such as a USB port or other suitable mode of wired data
transfer, that may be used to couple to an external system. Any of a variety of

additional mechanisms may be utihized as appropriate to transfer the indication
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of the physical status of the wearable article 100. However, it is emphasized that
i examples of the wearable article 100 where physical electronic isolation is
desired, data transfer mechanisis that would expose the electronics to

environmental conditions may be undesirable and wireless modes implemented

(v

mstead.

{06091} FiGs. 9A-9C depict an example of the wearable article 100 flexing
according to a conventional step or footfall, in an example embodiment. The
flexing dlustrated is of the sort that may become relatively easier at the second
time than at the first time owing to a change in the physical status of the

10 wearable article 100, In FIG. 84, the wearable article 100 staris with the outsole
104 flat on a surface 900. In FIG. 9B, in the mitial action of a step, the heel
region 604 rises as the wearable article 100 generally flexes in the forefoot
region 602, leaving the toe box 902 generally agamst the surface 900 until the
wearable article 100 lifts from the surface 900 entirely. The process of flexing

15 the forefoot region 602 while the foe box 902 remains in contact with the surface
900 produces the rise 308 in the voltage profiles 802, 804, with the peak 310

generally occurring during this time.

[0092] In FIG. 9€, upon the toe box 902 leaving the surface 900, the
wearable article 100 retums to an relaxed or unflexed state but not in contact

20 with the surface 900. The returning to the relaxed state produces the fall 312 i
the voliage profile 802, 804, The wearable article 100 eventually comes into
contact with the surface 900 1n the heel region 604 but flexing in that action may

be lunited to none.

{6893] FiG. 10 15 a flowchart 1000 for generating and transmitting an

25  ndication of a physical status of the wearable article 100, in an example
embodiment. The flowchart will be described with respect to the block diagram
700 but it 18 to be recognized and snderstood that the flowchart 1000 may be
mmplemented on any suttable system on a wearable article 100, mcluding other

systems disclosed herem.

30 [0094) At 1002, the wearable article 100 fiexes and induces a voltage from

the piezoelectric generator 702,

24



WO 2016/196349 PCT/US2016/034793

{0095] At 1004, the voltage sensor 704 senses the output from the
piczoclectric generator 702 and outputs a sensor output to the controller block

708,

06096} At 1006, the controller block 708 processes the sensor output to

(v

produce a voltage profile e.g., as the first voltage profile 802 if the first voltage
profile 802 has not yet been created or as the second voltage profile 804 if the
second voltage profile has not been created, of the flexing. The voltage profile
802 includes one or more of the rise time 303, the peak voltage 310, and the fall
time 312 and stores the voltage profile 802 in the clectronic data storage block
16 706. Processing the sensor output to generate a voltage profile may be based on
a single step by the wearable article 100 or may be based on multiple steps over
a window, as disclosed hereim. As such, processing the sensor output may be
delaved until sufficient sensor outputs are received to produce the voltage profile

302, 804 over the preseribed window.

15 [6697) At 1008, the controller block 708 determines 1f conditions have
been met to compare the first voltage profile 802 with the second voltage profile
804. Conditions for making the comparison are described herein and may be
met with every identified step or flexing of the wearable article 100 or may be
based on a predetermaimed number of steps baving been taken since the last

20 comparison, among other potential criteria for making the companson. Ifthe
criteria are met then the flowchart 1000 proceeds to 1010, Hthe criteria are not
met, the flowchart 1000 returns to waiting for the wearable article 100 to flex to

mduce the voltage from the piezoelectric generator 702,

G At 1010, the controller block 708 compares at feast one

25 characteristic of the risc time 308, the peak voltage 310, and the fall time 312
from the first voltage profile 802 and the second voltage profile 804 to determine
a percentage change in the one or more charactenstics have changed by a
predetermined amount. In an example, if any two of the characteristics 308, 310,
312 have changed by more than thewr respective predetermined amount, in the

30 example herein by twenty-five (25) percent or more, then at 1012 the controller
block 708 determines that physical status of the wearable article 100 18 fora
reconmmended replacement. If at least two of the characteristics 308, 310, 312

have not reached the predetermined amount of change then at 1014 the controller
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block 708 determines that the physical status of the wearable article 100 1s that
replacement is not recommended. In cach case, the controller block 708 may
store an indication of the physical status of the wearable article 100 in the

clectronic data storage block 706. The indication of the physical status of the

(v

wearable article 100 may default to being replacement not recommended at least
until the first comparison between the first voltage profile 802 and the second

voltage profile 804 can be made.

{(3099] As has been noted herein, the details of determining a physical
status of a given wearable article 100 may vary depending on the nature of the
10 wearable article 100, In particular, the percentage change in the characteristics
308, 310, 312 and the number of characteristics 308, 310, 312 that need to
exhibit the percentage change may vary depending on the wearable article. The
percentage change needed to indicate recommended replacement may ditter
among the characteristics 308, 310, 312, and the physical statas may be other
15 than recommended replacement or replacement not recommended. as disclosed

herein.

{001 (43 At 1016, the controller block 708 causes the wireless transmission
block 710 to transmit an indication of the physical status of the wearable article
100. The controller block 708 may cither transmit the indication of the physical
20 status divectly to the wireless transmission block 710 or may access the
mdication of the physical condition from the electronic data storage block 706.
The wircless transmission may be according to a data advertising burst, as
disclosed herein, or may be according to a prompt for the physical status from an

outside transmitter or according to any other condition or command for

]
2

transmitting the mdication of the physical condition, whether originating from
the wearable article 100 or from an outside system, as known inthe art. Upon
transmitting the mdication of the physical condition, the flowchart 1000 returns
to waiting for the wearable article to flex and induce an output from the
piczoelectric generator 702 at 1002,

36 [0030E} FIG. 11 block circuit diagram 1100 of an electrical system of the
wearable article 100 that s configured to allow for programming electronic data
to the wearable article 100 by flexing or otherwise manipulating the wearable

article 100, 1 an example embodiment. Thus, in such an example embodiment,
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rather than using conventional wired or wireless electronic transfer of data to the
wearable article 100, electronic data may be written by manipulatiog the
wearable article 100 10 such a way as to mduce a voltage output from a

piezoelectric generator 114 that may be interpreted as electronic data and stored

(v

in an electronic data storage 130. In vanous examples, the wearable article 100 is
an article of footwear, as disclosed herein, though any suitable wearable article

may be utilized.

[066102] A piezoelectric generator 1102 includes the piczoclectnic generator
114 and optionally other componentry of the kinetic energy generator block 202

16 and the piezoeclectric generator 1102, A controller block 1104 includes the
controller 128 as well as optionally other components of the controller 210 and
the controller black 1108, The controller block 1104 further includes or
functions as a data translator. The data transiator receives a voltage output form
the piezoelectric generator 1102 and translates the voltage outpat to

13 corresponding data. An electronic data storage block 1106 includes the
clectronic data storage 130 and receives and stores from the controller block
1104 data as translated from the voltage output of the piezoelectric generator

1i4.

{00103] As with the block diagrams 200 and 700, components of the block

20 circuit diagram 102 that are not illustrated are not necessarily included in
examples of the wearable article 100 that implement the block circuit diagram
1100. Such components may be included as appropriate and as desired but are
not necessanily meorporated or required. Thus, for instance, the wireless

transceiver 126 mayv be incorporated and utilized to transmnt data stored in the

]
2

clectronic data storage block 1106, but is not necessarily included as desired.
Further, components that are not detailed in the block diagrams 102, 200, 700,
and 1100 may be included in implementations of any one or more of the block

diagrams 102, 200, 700, and 1100 as appropriate and as desired.

066104} FIG. 12 is an illustration of an apparatus 1200 for mechanically

30 manipulating the wearable article 100 to store data in the electronic data storage
block 1106, in an example embodiment. Clamps 1202, 1204 grip the wearable
article 100 on or near the toe box 902 and the heel region 604, Arms 1206, 1208

may then manipulate the wearable articte 100 by bending and flexing the
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wearable article 100 rotationally about the forefoot region 602, as llustrated in
FI1Gs. 6A-6C. The arms 1206, 1208 may be coupled to motors, servos,
controllers, and the like that allow the arms 1206, 1208 to move in ways suitable

to manipulate the wearable article 100 as desired, mcluding rotationally .

(v

[06105] The apparatus 1200 may control a speed and degree to which the
wearable article 100 is flexed, thereby potentially changing the rise time 308,
peak voltage 310, and fall time 312 of the voltage output 302, In various
examples, the apparatus 1200 may also induce a torgue in the wearable article
100 by twisting the wearablc article 100 between the clamps 1202, 1204, thereby
10 potentially inducing different voltage outputs from the piezoelectric generator
1102 than would necessarily be generated by flexing the wearable article about

the foretoot region 602.

63106} FIG. 13 is a voltage diagram 1300 illustrating the translation of
voltage outputs from the piezoelectric generator 1102 into electronic data, inan

15 example embodiment. The apparatus 1200 transmits data by flexing the
wearable article 100 such that the peak voltage 310 does or does not exceed a
peak voltage threshold 1302 at predetermined times or windows 1304, The data
translator of the controller block 1104 may then translate the occurrence or non-
occurrence of peak voltages 310 that exceed the threshold 1302 at the

20 predetermined times 1304 as corresponding digital data. For instance, a peak
voltage 310 that exceeds the peak voltage threshold 1302 at a predeternined
time 1304 is interpreted as a logical “17” while not exceeding the threshold 1302
at a predeternuned time 1304 1s interpreted as a logical “07.
[06G107] Additionally or altematively, the windows 1304 may be dispensed

25 with in favor of imterpreting any peak voltages 310 that exceed a first threshold
but not a second threshold higher than the first threshold as one logical bit, such
as a logical “07, and any peak voltage 310 that exceeds both the first and second
thresholds as a different logical bit, such as a logical “17. In such an example,
data bits may be transmitted as quickly as the wearable article 100 can be

30 manipulated to distinctly cause voltage peaks 100 at the desired voltage levels to
distinguish between different logical bits and without requiring otherwise precise

timing or adherence to prescribed windows 1304, However, such a mechanism
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may rely on relatively precise expectations of output voltage form the
piczoclectric generator 1102,
106108} While the voltage diagram 1300 illustrates a binary fransmittal of

mdividual bits of data, the apparatas 1200 may manipolate the wearable article

(v

100 in such a way as to derive significance from multiple aspects of the voltage
output 302, as noted above. Thus, for mmstance, the nise time 308 of a pulse may
be compared against a threshold and, depending on the comparison, a logical 17
or a logical “0” may be translated from the nse time 308. The same principies
may be applied to obtain data from the fall time 312 or anv other measurable
10 aspect of a pulse. Thus, multiple bits may be translated from a single pulse. In
such an example, the rise time 308 may account for a first bit of a group of three
bits, the peak voltage 310 may account for a second bit of the group of three bits,
and the fall time 312 may account for a third bit of the group of three bits. Thus,
n an example, if the rise time 308 is faster than a rise time threshold for a logical
15 “17, the peak voltage 310 exceeds the peak voltage threshold 1302 for a logical
“17, and the fall time 312 15 not faster than a fall time threshold for a logical “07,
then that pulse may correspond to the logical output “1107 that may be transiated

by the controller block 1104 and stored in the electronic data storage block 1106,

[00109] The controller block 1104 may assess different piczoclectric

20 generators 114 for electronic data. Thus, wiile a first pigzoelectric generator 114
may be posttioned in or near the forefoot region 602, a second piczoelectric
generator 114 may be positioned along the bottom contour 600 in such a way as
to be sensitive 1o a torque on the wearable article 100, as described above. Thus,

i the illustrative example, the wearable article 100 may be flexed and torqued to

N
(4

separately manipulate each of the piczoelectric generators 114 to impart data that

may be translated by the controlier block 1104,

66110} Moreover, while the block circuit diagram 1100 15 described with
respect to piezoelectric generators 114 and the piczoelectric gencrator block
1102, it 13 to be understood that the principles described mayv be applicable to
30 any of a vaniety of kinetic energy generators. The manipulation of the wearable
article may be adjusted according to the nature of the specific kinetic energy
generator used. Such additional kinetic energy generators may be used alone or

m comjunction with piezoelectric generators 114, Thus, the apparatus 1200 may
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be configured both to flex the wearable article 100 and to shake or otherwise
move the wearable article to stimulate a kinematic generator.
66111} In an example, the controller block 1104 may wnite data to the

clectromic data storage block 1106 upon detecting a code made of up of a

(v

predeternuned sequence of voltage outputs form the piczoclectric generator
1102, As such, the predetermined sequence may be generated by manipulating
the wearable article 100 in a predetermined way in order to prevent or lessen the
likelihood of an mnadvertent writing of data 1o the electronic data storage block
1106. Thus, to initiate writing of data to the electronic data storage block 1106

10 the code may first be wmparted, following which the data may be written.

{06112} FiG. 14 15 a flowchart 1400 for imparting clectronic data fo a
wearable article 100 by mechanically manipulating the wearable article 100, m
an example embodiment. While the flowchart 1400 s described with reapect to
the block diagram 1100, it is to be undersiood that the flowchart 1400 may be

15 implemented on or with respect to any suitable wearable article 100 or system.

{86113} At 1402, the controller block 1104 waits until a predetermined
time, such as a window 1304, o receive a voltage output from the piczoglectric

generator 1102 oceurs.

[66114] At 1404 upon the predeternined time being arrived at, the

20 coutroller block 1104 determines one or more characteristics of any voltage
oufput 302 that occurs at the predetermined time. The deternunation may be
based on a measurement of the voltage output 302 relating to each particular
characteristic. The characteristics may include one or more of the rise time 308,
the peak voltage 310, and the fall time 312

25 [00115) At 1406, the controller block 1106 determines digital data that
corresponds to the one or more characteristics, as determined. In an example,
cach characteristic corresponds 1o one digital bit. In such an example, the nature
of the charactenstic as determined dictates the determination of the value of the
digital bit, as disclosed herein.

30 [0e116] At 1408, the controller block 1106 causes the digital data from the
voltage output 302 to be written to the electronie data storage block 1106, The

flowchart 1400 then returns to 1402,
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EXAMPLES

166117} In Example 1, a wearable article inclodes a structural material
configured to cnable the wearable article to the worn on a body, a volatile energy
storage device, a wireless transmission circuit, coupled to the volatile energy
storage device, comprising an antenna having a minimum {ransniission energy, a
kinetic energy generator, positioned with respect to the structural matenal in a
configuration to be manipulated to induce a voltage output, the kinetic encrgy
generator coupled to and configured to charge the volatile energy storage device,
a sensor configured to output activity data related to the wearable article, and an
clectronic data storage, coupled to the sensor, configured to store the activity
data, wherein, upon the volatile cnergy storage device charging to at least the
mintmum transmission encrgy, the wircless transmussion circuit transmits the
activity data as stored in the electronic data storage based on energy discharged,

at least in part, from the volatile energy storage device.

{86118} In Example 2, the wearable article of Example 1 optionally further

meludes that the kinetic energy generator is a pigzoelectric generator.

66119} In Example 3, the wearable article of any one or more of Examples
1 and 2 optionally further includes a sole, wherein the piezoclectric gencrator is

positioned, at least in part, in relation to the sole.

066128} In Example 4, the wearable article of any one or more of Examples
1-3 optionally further includes that the piczoclectric generator is positioned

within the sole.

[66121] In Example 5, the wearable article of any one or more of Examples
1-4 optionally further includes that the sole comprises an insole and an outsole
and wherein the piezoelectric generator 1s positioned on a top surface of the sole

outsole and a bottom surface of the insole.

{00122} In Example 6, the wearable article of any one or more of Examples
1-5 optionally further includes that the piezoelectric generator comprises a
plurality of piczoclectric generators and wherein the plurality of piczoelectric
generators are posttioned 1o discrete and separate locations in the wearable

article.
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606123} In Example 7, the wearable article of any one or more of Examples
1-6 optionally further mclhudes that a first piezoelectric generator of the plarality
of piezoelectric generators 1s posttioned proximate a forefoot of the wearable

article and wherein the sccond piezoelectric generator of the plurality of

(v

piezoelectric generators is positioned proximate a heel of the wearable article.

61241 In Example 8, the wearable article of any one or more of Examples
1-7 optionally further meludes a sole, wherein the plurality of piezoelectric

generators are distributed substantially evenly with respect to the scle.

06125} In Example 9, the wearable article of any one or more of Examples
10 1-8 optionally further includes a sole having a major surface, wherein the
piezoelectric generator 1s substantially coextensive to and conformal with the

major surface of the sole.

[06126] In Example 10, the wearable article of any one or more of
Exaroples 1-9 optionallv further includes that the piezoclectric generator is

15 configure to generate a discrete energy output less than the minimum
transmisston energy upon a discrete flexing of the piezoclectrie generator, and
wherein the encrgy storage device is configured to charge to at least the
mintmum transoussion encrgy upon a piurality of discrete flexing events of the

piezoclectric generator,

20 06127 In Example 11, the wearable article of any one or more of
Examples 1-10 optionally further mcludes that the volatile energy storage device

i3 @ capacitor.

[00128] In Example 12, the wearable article of any one or more of

Examples 1-11 optionally further includes a controller configured to cause the
25 wircless transmission circwit to transmut the activity data based, at feast in part,

on receiving an indication that the volatile energy transmission device has a

charge of at least the mimimum transmission gnergy.

{06129} In Example 13, the wearable article of any one or more of
Examples 1-12 optionally further includes that the clectronic data storage is
30 further configured to store identity data of the wearable article and wherein the

wireless transmission circuit is further configured to transmit the wentity data
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upon the volatile energy storage device charging to at least the minimum
Iransmission encrgy.
{80134} In Example 14, the wearable article of any one or more of

Examples 1-13 optionally further mclades that the wearable article is an article

(v

of footwear, the sensor is configured to sense a footstep and wherein the activity
data 1s indicative, at least in part, of a number of footsteps for which the article

of footwear was worm.

{66131} In Example 15, a method includes outputiing, with a kinetic encrgy
generator positioned with respect to a structural material of an article of footwear
160 m a configuration to be manipulated with a manipulation of the article of
footwear, a voltage output, the kinetic encrgy generator coupled to and
configured to charge a volatile energy storage device, outputting, with a sensor,
activity data related to the aticle of footwear, storing, in an electronic data
storage, coupled to the sensor, the activity data, and transmitting, with a wireless
15 transmission circuit, upon the volatile energy storage device charging to at least
the munimum transnussion encrgy, the activity data as stored in the electronic
data storage based on energy discharged, at least in part, from the volatile energy
storage device.
j63132] In Example 16, the method of Example 15 optionally further
20 includes that the kinetic energy generator is a piczoclectric generator.
[66133] In Example 17, the method of any one or more of Examples 15 and
16 optionally further includes that the piezoclectric generator i positioned, at

least in part, in relation to the sole.

00134} In Example 18, the method of any one or more of Examples 13-17
25 optionally further includes that the piezoelectric generator 1s positioned within

the sole.

{66135} In Example 19, the method of anv one or more of Examples 15-18

optionally further includes that the sole comprises an insole and an outsole and
wherein the piczoelectric generator is posttioned on a top surface of the sole

30 outsole and a bottom surface of the insole.
{80136} In Example 20, the method of any one or nore of Examples 15-19

optionally further includes that the piezoelectric generator comprises a plurality
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of piezoelectric generators, wherein the plurahity of piezoslectric gencrators are
positioned in discrete and separate locations in the article of foctwear, and
wherein outputting a voliage output 1s from at least one of the plurality of

piezoelectric generators.

(v

{86137} in Example 21. the method of any one or more of Examples 15-20
optionally further includes that a first piezoelectric generator of the plurality of
piczoclectric generators is posttioned proximate a forefoot of the wearable article
and wherein the second piczoelectric generator of the plurality of piezoelectric

generators s positioned proximate a heel of the article of footwear.

10 [06138] In Example 22, the method of any one or more of Examples 15-21
optionally further includes a sole, wherein the plurality of piezoelectric

generators are distributed substantially evenly with respect to the sole.

[066139] In Example 23, the method of any ong or more of Examples 15-22
optionally further includes a sole having a major surface, wherein the
13 piezoelectric generator 1s substantially coextensive to and conformal with the

major sarface of the sole.

{80140} In Example 24, the method of any one or more of Examples 15-23
optionally further includes that the piezoelectric generator is configure to
generate a discrete energy output less than the minimum tragsmission cnergy
20 upon adiscrete flexing of the piczoclectric generator, and wherein the encrgy
storage device 1s configured to charge to at feast the minimum transmission

energy upon a plurality of diserete flexing events of the piczoelectric gencrator,

00141} In Example 25, the method of any onc or more of Examples 15-24

optionally further includes that the volatile encrgy storage device s a capacitor.

[
L

{60142} In Example 26, the method of any one or more of Examples 15-25
optionally further mcludes causing, with a controlier, the wireless transmission
circuit to transoit the activity data based, at least in part, on receiving an
imdication that the volatile energy transmission device has a charge of at east the

MInImun (ransmission energy.

30 [06143] In Example 27, the method of any one or more of Examples 15-26
optionally further includes that the clectronic data storage 1s further configured

to store identity data of the article of footwear and further comprising
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transmitting, with the wirgless transmission circuit, the identity data upon the
volatile energy storage device charging to at least the minionum transmission

energy.

{66144} In Example 28, the method of any one or more of Examples 15-27
optionally further includes that the sensor is configured to sense a footstep and
wherem the activity data is indicative, at least in part, of a number of footsteps

for whach the article of foobtwear was worn.

66145} In Example 29, an article of footwear includes a structural maternial
contigured to enable the article of footwear to the wom on a body, a wircless
transnussion circuit, a prezoelectric gengrator, positioned with respect to the
structural material in a configuration to be flexed to induce a voltage signal
output, configured to output a signal having a voltage profile upon being flexed,
a voltage sensor, coupled to the plezoelectric generator, configured o sense the
voltage profile and output a sensor signal indicative of the voitage profile, an
clectronic data storage, coupled to the voltage sensor, configured to store voltage
profile mformation based on the sensor data, a comparator, coupled io the
clectronic data storage, configured to identify a change in the voltage profile
mformation over ime, wherein the wireless transmission circuit is configured to
transmit data mdicative of a physical status of the article of footwear based on

the change in the voltage profile information over fime.

{66146} In Example 30, the article of footwear of Example 29 optionally
further inchudes that the voltage profile includes a peak voltage, relative to a
baseline voltage, of a pulse, a rise time of the pulse, a fall time of the pulse, and
a pulse duration, and wherein the change in the voltage profile is based on a
change i the voitage profile of at least one of the peak voltage, the rise time, the
fall time, and the pulse duration.

{60147} In Example 31, the article of footwear of any one or more of
Examples 29 and 30 optionally further includes that the data mdicative of the
physical status indicates a recommended replacement of the article of footwear
upon the peak voltage increasing by a predetermined amount.

[30148] In Example 32, the article of footwear of any one or more of

Examples 29-31 optionally further includes that the data indicative of the
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physical status indicates a recommended replacement of the article of footwear
upon at least one of the rise time, the fall time, and the pulse duration decreasing

by a predetermined amount.

{66149} In Example 33, the article of fostwear of any one or more of

(v

Examples 29-32 optionally further includes that the rise time is based on a time
for the voltage profile 1o rise between a predetermined bascline percentage from
the baseline and a predetermined peak percentage from the peak voltage,
wherein the fall time is based on a time for the voltage profile to fall between the
predetermined peak percentage and the predetermined baseline percentage, and
10 wherem the pulse duration is based on a time for the voltage profile to pass
between a first crossing of the predetermined baseline percentage and a second

crossing of the predetermined baseline percentage.

{00156} In Example 34, the article of footwear of any one or more of

Examples 29-33 optionally further includes a controller configured to determine
15 the change in the voltage profile based on a comparison of a first voltage profile

sensed at a first fime as stored in the electronic data storage and a second voltage

profile sensed at a second time later than the first time.

{00151 ] In Example 35, the article of footwear of any one or more of
Examples 29-34 optionally further includes that the first time is based on a first
20 ume window and the first voltage profile 1s an average of voltage profiles sensed
during the first ime window and wherein the second time is based on a second
tme window and the second voltage profile 1s an average of voltage profiles

sensed during the second time window.,

[00152] In Example 36, the article of footwear of any one or more of

25 Examples 29-35 optionally further includes that the second time window 1s a
moving time window and wherein the second voltage profile is based on an
average of voltage profiles duning the moving time window include a most
recently sensed voltage profile.
{06153} In Example 37, the article of footwear of any one or more of

30 Examples 29-36 optionally further includes that the controller s further
configured to cause, at least m part, a user interface to provide a message based

on the data mdicative of the physical status.
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00154} In Example 38, a method of making an article of footwear includes
forming a structural material configured to enable the article of footwear to the
wormn on a body, positioning a piezoelectric gencrator with respect to the

structural matenal in a configuration to be flexed to mnduce a voltage signal

(v

cutput, configured tc cutput a signal having a voltage profile upon being flexed,
and coupling a wireless transmission circuit, a voltage sensor, an clectronic data
storage, and a comparator to the piczoelectric generator, wherein the voltage
sensor configured to sense the voltage profile and output a sensor signal
mdicative of the voltage profile, wherein the electronic data storage is

16 counfigured to store voltage profile mformation based on the sensor data, whercin
the comparator is configured to identify a change in the voltage profile
mformation over ime, and wherein the wircless transmission circuit is
configured to transmit data indicative of a physical status of the article of

footwear based on the change in the voltage profile information over time.

15 [00155] In Example 39, the method of Example 38 optionally further
mchudes that the voltage profile mcludes a peak voltage, relative to a baseline
voltage, of a pulse, a rise time of the pulse, a fall time of the pulse, and a pulse
duration, and wherein the change mn the voltage profile 1s based on a change n
the voltage profile of at least one of the peak voltage, the rise time, the fall ime,

20 and the pulse duration.

106156} In Example 40, the method of Examples 3% and 39 opticnally
further includes that the data indicative of the physical status indicates a
recommended replacement of the article of footwear upon the peak voltage

mereasing by a predetermined amount.

25 [00187] In Examplc 41, the method of Examples 38-40 optionally further
meludes that the data indicative ot the physical status indicates a recommended
replacement of the article of footwear upon at least one of the rise time, the fall
time, and the pulse duration decreasing by a predetermined amount.

{00158} In Example 42, the method of Examples 38-41 optionally further
3¢ mclhudes that the rise time is based on a time for the voltage profile to rise
between a predetermined baschine percentage from the bascling and a
predeternined peak percentage from the peak voltage, wherein the fall time 15
based on a ime for the voltage profile to fall between the predetermined peak
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percentage and the predetermined bascline percentage, and wherein the pulse
duration is based on a time for the voltage profile to pass between a first crossing
of the predetermined bascline percentage and a second crossing of the

predetermined baseline percentage.

[BG159] In Example 43, the method of Examples 38-42 optionally further
meludes coupling a controller to the voltage sensor and the electronic data
storage, the controller configured to determine the change in the voltage profile
based on a comparison of a first voltage profile sensed at a {irst time as stored in
the electronic data storage and a second voltage profile sensed at a second time

later than the first ime.

[6Gi680] In Example 44, the method of Examples 38-43 optionally further
ncludes the first time is based on a first time window and the first voltage
profile is an average of voltage profiles sensed during the first time window and
wherein the second time is based on a second time window and the second
voltage profile is an average of voliage profiles sensed during the second time

window.

[6Gi6l} In Example 45, the method of Examples 38-44 optionally further
includes that the second time window is a moving time window and wherein the
second voltage profile is based on an average of voltage profiles during the

moving time window include a most recently sensed voltage profile.

{86162} In Example 46, the method of Examples 38-45 optionally further
mcludes that the controller s further configured to cause, at least in part, a user

mterface to provide a message based on the data indicative of the physical status.

88163} In Example 47, a wearable article includes a structural material
configured to enable the wearable article to the worn on a body, a piezoelectric
generator, positioned with respect to the structural matenal in a configuration to
be flexed to output a voitage, a data translator, coupled to the piezoelectric
generator, configared to output electronic data based on the voltage, and an
clectronic data storage, coupled to the data translator, configured to store the

clectronic data from the data translator.

{00164} In Example 48, the wearable article of Example 47 optionally

further includes that the data translator is configured to generate digital
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glectronie data based on the voltage relative to a voltage threshold at

predetermined times.

06165} In Example 49, the wearable article of any one or of Examples 47
and 48 optionally further includes that the voltage corresponds to a first binary
digit when the voltage exceeds the voltage threshold and corresponds to a second
binary digit, ditferent than the first binary digit, when the voltage is less than the

voltage threshold.

{80166} In Example 50, the wearable article of any one or of Examples 47-
49 optionally further includes that the voltage includes a peak voltage, relative to
a baseline voltage, of a pulse, a rise time of the pulse, a fall time of the pulse,
and a pulse duration, and wherein the change 1n the voliage profile is based on a
change in the voitage profile of at least one of the peak voltage, the rise time, the
fall time, and the pulse duration, and wherein the data translator generates digital
data bits based on at least one of the peak voltage, the rise time, the fall ime, and

the pulse duration of a pulse.

{66167} In Example 51, the wearable article of any one or of Examples 47-
50 optionally further includes that the data translator is configured to generate
multiple digital data bits based on at least two of the peak voltage, the rise time,

the fall ime, and the pulse duration of a single pulse.

{66168} In Example 52, the wearable article of any one or of Examples 47-
51 optionally further includes that the data transiator 1s configured to output the
clectromic data based on the voltage as sensed during the predetermined

windows.

(0169} In Example 53, the wearable article of any one or of Examples 47-
52 optionally further includes that the data translator is configured to output
digital electronic data based on the voltage as sensed relative to a voltage
threshold during the predeternuned window.

1061784 In Example 54, the wearable article of any one or of Examples 47-
53 optionally further includes that the data translator 1s configured to output a
first digital bit based on the voltage as sensed exceeding the voltage threshold

during one of the predetermined windows and a second digital bit different than
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the first digital bit based on the voltage as sensed not exceeding the voltage

threshold during the one of the predetermined windows.

86171} In Example 55, the wearable article of any one or of Examples 47~
54 optionally further includes a controller configured to selectively cause the

clectronic data to be written to the electronic data storage.

{00172} In Example 56, the wearable article of any one or of Examples 47-
55 optionally further includes that the controller is configured o selectively
cause the clectronic data to be wriiten to the electronic data storage based on the

a write command being included in the electronic data.

{86173} in Example 57. the wearable article of any one or of Examples 47-
56 optionally turther includes that the wearable article 1s configured be seated in
an apparatus configured to flex the wearable article to impart the clectronic data

to the wearable article.

{80174} In Example 58, a method for making a wearable article includes
forming a structural material to cnable the wearable article to the wom on a
body, positioning a piczoelectric gencrator with respect {o the structural matenal
in a configuration to be flexed 1o output a voltage, coupling a data translator to
the piezoelectric generator, the data translator configured to cutput electronic
data based on the voltage, and coupling an electronic data storage to the data
translator, the elecironic data storage configured to store the clectronic data from

the data translator.

{80175} in Example 59, the method of Example 58 further optionally
ncludes that the data translator is configured to generate digital clectronic data

based on the voltage relative 1o a voltage threshold at predetermined times.

{66176} In Example 60, the method of any one or more of Examples 58 and
59 optionally further includes that the voltage corresponds to a first binary digit
when the voltage excecds the voltage threshold and corresponds to a second
binary digit, different than the first binary digit, when the voltage is less than the

voltage threshold.

{86177} In Example 61, the method of any one or more of Examples 58-60
optionally further includes that the voltage includes a peak voltage, relative to a

baseline voltage, of a pulse, a rise time of the pulse, a fall time of the pulse, and
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a pulse duration, and wherein the change in the voltage profile is based on a
change in the voltage profile of at icast one of the peak voltage, the rise time, the
fall time, and the pulse duration, and wherein the data translator generates digital

data bits based on at least one of the peak voltage, the rise time, the fall time, and

(v

the pulse duration of a pulse.

{60178} In Example 62, the method of any one or more of Examples 58-61
optionally further includes that the data translator is configured to generate
multiplc digital data bits based on at least two of the peak voltage, the rise time,

the fall time, and the pulse duration of a single pulse.

10 [66179] In Example 63, the method of any one or more of Examples 58-62
optionally further includes that the data translator is configured to output the
clectronic data based on the voltage as sensed duning the predetermined

windows.

{60180} In Example 64, the method of any one or more of Examples 58-63
15 optionally further includes that the data transiator is configured to output digital
clectronic data based on the voltage as sensed relative to a voltage threshold

dunng the predetermined window.

je3181] In Example 653, the method of any one or more of Examples 58-64
optionally further includes that the data translator is configured to output a first
20 digital bit based on the voltage as sensed exceeding the voltage threshold during
one of the predetermined windows and a second digital bit different than the first
digital bit based on the voltage as sensed not exceeding the voltage threshold

during the one of the predetermined windows.

{00182} In Example 66, the method of any one or more of Examples 58-65

N
W

optionally further ncludes coupling a controller to the data translator and the
clectronic data storage, the controller configured to selectively cause the
clectromic data to be wriiten to the electronic data storage.

[BGI83] In Example 67, the method of any one or more of Examples 58-66
optionally further includes that the controller is configured to selectively cause
36 the clectronic data to be written to the electronic data storage based on the a

write command being included i the electronic data.
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{00184} In Example 68, the method of any one or more of Examples 58-67
optionally further includes that the wearable article is configured be seated in an
apparatus configured to flex the wearable article to impart the electronic data to

the wearable article.

{06185} In Example 69, a method inchides flexing a wearable article
according to a predetermined patiern corresponding to electronic data, the
wearable article comprising a piczoclectric generator, wherein flexing the
wearable article causes the piezoclectric generator to flex, wherein flexing the
wearable article causes the piczoclectric gencrator to output a voltage, wherein a
data translator, coupled to the piezoelectric generator, outputs electronic data
based on the voliage, and wherein an electronic data storage stores the electronic

data from the data translator.

j63186] Throughout this specification, plural tnstances may implement
components, operations, or structures described as a single instance. Although
mdividual operations of one or more methods are illustrated and described as
separate operations, one or more of the mdividual operations may be performed
concurrently, and nothing requires that the operations be performed in the order
iffustrated. Structures and functionality presented as separate components in
example configurations may be implemented as a combined structure or
component. Similarly, stroctures and functionality presented as a single
component may be implemented as separate components. These and other
variations, modifications, additions, and tmprovements fall within the scope of

the subject matter herein.

{06187} Certain embodiments are described herein as including logicora
number of components, modules, or mechanisms. Modules may constitute
either software modules {¢.g., code embodied on a machmme-readable medium or
in a transmission signal) or hardware modules. A “hardware module” is a
tangible unit capable of performing cortain operations and may be configured or
arranged i a certain physical manner. In various example embodiments, one or
more computer systems {e.g., a standalone computer system, a chient computer
system, or a server computer system) or one or more hardware modules of a

computer sysiem {€.g., a processor or a group of processors) may be configured
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by software {e.g., an application or application portion} as a hardware module
that operates to perform certain operations as described herein.
{66188} In some embodiments, a hardware module may be implemented

mechanically, electronically, or any suitable combination thereof. For example,

(v

a hardware module may nclude dedicated circuttry or logic that is permanently
configured to perform certain operations. For example, a hardware module may
be a special-purpose processor, such as a field programmable gate array (FPGA)
or air ASIC. A hardware modele may also include programmable logic or
circuitry that is temporarily configured by software to perform certain

1} operations. For example, a hardware module may include software
encompassed within a general-purpose processor or other programmable
processor. It will be appreciated that the decision to tmplement a hardware
module mechanically, in dedicated and permanently configured circuitry, orin
temporarily configured circuitry {¢.g., configured by software} may be driven by

15  cost and time considerations.

{80189} Accordingly, the phrase “hardware module” should be understood
to encompass a tangible entity, be that an entity that is physically constructed,
permanently configured {(e.g., hardwired}, or temporarily configured (o.g.,
progranuned) to operate in a cortain manner or to perform certain operations

20 described herein. As used herein, “hardware-mplemented module” refers to a
hardware module. Considering embodiments in which hardware modules are
temporarily configured {¢.g., progranmimed), cach of the hardware modules need
not be configured or instantiated at any one instance in time. For example,

where a hardware module comprises a general-purpose processor configured by

]
2

software to become a special-purpose processor, the general-purpose processor
may be configured as respectively different special-purpose processors (e.g.,
comprising different hardware modules) at different times. Software may
accordingly configure a processor, for example, to constituic a particular
hardware module at one instance of time and to constitute a different hardware

30 module at a different instance of time.

{0619¢4 Hardware modules can provide imformation to, and receive
mformation from, other hardware modules. Accordingly, the described

hardware modules may be regarded as being communicatively coupled. Where
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multiple hardware modules exist contemporaneously, communications may be
achicved through signal transmission {¢.g., over appropriate circuits and buses)
between or among two or more of the hardware modules. In embodiments in

which mulitiple hardware modules are configured or instantiated at different

(v

times, communications between such hardware modules may be achieved, for
cxample, through the storage and retricval of mformation in memory structures
to which the multiple hardware modules have access. For example, one
hardware module may perform an operation and store the output of that
operation 1 a memory device to which it is commumnicatively coupled. A further
16 hardware module may then, at a later time, access the memory device to retrieve
and process the stored output. Hardware modules may also mnitiate
communications with input or cutput devices, and can operate on a resource

{¢.g., a collection of information).

006191} The various operations of example methods described herein may
15 be performed, at least partially, by one or more processors that arg temporarily
configured {e.g.. by software) or permanently configured to perform the relevant
operations. Whether temporarily or permanently configured, such processors
may constitute processor-implemented modules that operate to perform one or
more operations or functions described herein. As used herein, “processor-
20 implemented module”™ refers to a hardware module implemented using one or
MOLe Processors.
[66192] Similarly, the methods described herein mayv be at least partially

processor-implemented, a processor being an example of hardware. For

example, at least some of the operations of a method may be performed by one

]
2

Of IMOYE Processors or processor-implemented modules. Moreover, the one or
more processors may also operate to support performance of the relevant
operations in a “cloud computing” environment or as a “software as a service”
{5aa%}. For example, at least some of the operations may be performed by a
group of computers {as examples of machines including processors), with these
30 operations bemng accessible via a network {e.g., the Internet) and via one or more

appropriate mterfaces (¢.g., an application program nterface (AP},

{00193} The performance of certain of the operations may be distributed

among the one or more processors, not only residing within a single machine,
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but deployed across a number of machines. In some example embodiments, the
ONC OF MOTE Processors or processor-implemented modules may be located in a
single geographic Jocation (¢ g., within a home environment, an office

environment, or a server farm). In other example embodiments, the one or more

(v

processors o processor-implemented modules may be distributed across a

number of geographic locations.

60194} Some portions of this specification are presented n terms of
algorithms or symbolic representations of operations on data stored as bits or
binary digital signals within a machine memorv {¢.g., a computer memory).

16 These algorithms or symbolic representations are examples of technigues used
by those of ordinary skill in the data processing arts to convey the substance of
their work to others skilled in the art. As used herein, an “algorithm” is a self-
consisent sequence of operations or similar processing leading to a desired
result. In this context, algorithms and operations wmvolve physical manipulation

15 of physical quantities. Typically, but not necessarily, such guantities may take
the form of electrical, magnetic, or optical signals capable of being stored,
accessed, transferred, combined, compared, or otherwise manipulated by a
machine. It is convenient at times, principally for reasons of common usage, to
refer to such signals using words such as “data,” “content,” “bits,” “vahies,”

20 “elements,” “symbols,” “characters,” “terms,” “numbers,” “numerals,” or the
like. These words, however, are mercly convenient labels and are to be
associated with appropriate physical quantities.

{86195} Unless specifically stated otherwise, discussions herein using words

2 <o 7 <e

such as “processing,” “computing,” “calculating,” “determining,” “presenting,”

>

“displaving,” or the like may refer to actions or processes of a machine (e.g., a
computer) that manipulates or transforms data represenied as physical {c.g.,
electronic, magnetic, or optical) quantities within one or more memories {e.g.,
volatile memory, non-volatile memory, or any suitable combination thereot),
registers, or other machine components that receive, store, transmit, or display
mformation. Furthermore, unless specifically stated otherwise, the terms “a” or
“an” are herein used, as is common in patent documents, to inchude one or more
than one mstance. Finally, as used herein, the conjunction “or” refers to a non-

exclusive “or,” unless specifically stated otherwise.
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CLAIMS

What is claimed is:

1. A wearable article, comprising:

a structural material contigured to enable the wearable article to
the wormn on a body;

a volatile energy storage device;

a wireless transmission circuit, coupled to the volatile energy
storage device, comprising an antenna having a minimum {ransmission
energy;

a kinetic engrgy generator, positioned with respect to the
structural material in a configuration to be mampulated to induce a
voltage cutput, the kinetic encrgy gencrator coupled to and configured to
charge the volatile energy storage device;

a sensor configured to output activity data related to the wearable
article; and

an electronic data storage, coupled to the sensor, configured to
store the activity data;

wherein, upon the volatile energy storage device charging to at
least the mintmum transmission energy, the wireless transmisston circuit
transmits the activity data as stored in the electronic data storage based
on encrgy discharged, at least n part, from the volatile energy storage

device.

2. The wearable article of claim 1, wherein the kinetic energy generator is a

piczoelectric generator,

3. The wearable article of claim 2, further comprising a sole, wherein the

piezoelectric generator 18 positioned, at least in part, in relation to the sole.

4. The wearable article of claim 3, wherein the piezoclectric generator is

positioned within the sole.
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5. The wearable article of claim 3, wherein the sole comprises an insole and
an outsole and wherein the piczoelectric generator is positioned on a top

surface of the sole outsole and a bottom surface of the mnsole.

6. The wearable article of claim 2, wherein the piczoelectric generator
comprises a plurality of piezoelectric generators and wherein the plurality of
piczoclectric generators are postiioned 1n discrete and separate locations in

the wearable article.

7. The wearable article of claim 6, wherein a tirst piczoelectric generator of
the plurality of piezoelectric gencrators is positioned proximate a forefoot of
the wearable article and wherein the second piezoelectric gencrator of the
plurality of piczoclectric generators is postiioned proximate a heel of the

wearable article.

8. The wearabie article of claim 6, further comprising a sole, wherein the
plurality of piczoelectric generators are distributed substantially evenly with

respect to the sole.

9. The wearable article of claim 2, further comprising a sole having a major
surface, wherein the piczoelectric generator is substantially coextensive to

and conformal with the major surface of the sole.

10. The wearable article of claim 2, wherein the piezoelectric generator is
configure to gencrate a discrete energy output less than the minimum
transmission cnergy upon a diserete flexing of the piezoelectric generator,
and wherein the energy storage device is configured to charge to at least the
miniy fransmission encrgy upon a plurality of discrete flexing events of

the prezoclectric generator.

11. The wearable article of claim 1, wherein the volatile energy storage

device 1s a capacitfor.
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12. The wearable article of claim 1, further comprising a controller
configured to cause the wireless transmission circutt to fransmit the activity
data based, at least in part, on receiving an indication that the volatile eneragy
transmission device has a charge of at least the minimum transmission

energy.

13, The wearable article of claim 1, wherein the ¢lectronic data storage 1s
further configured to store identity data of the wearable article and wherein
the wircless transmission circuit is further configured to transmit the wdeatity
data upon the volatile encrgy storage device charging to at least the

MINMUN (ransmission energy.

14. The wearable article of ¢laim 1, wherein the wearable article is an article
of footwear, wherein the sensor is configured 1o sense a footstep and wherein

the activity data i1s indicative, at least in part, of a number of footsteps for

which the article of footwear was worm.

15, A method, comprising:

outputting, with a kinetic energy generator positioned with
respect to a structural matenial of an article of footwear in a configuration
to be manipulated with a manipulation of the article of footwear, a
voltage cutput, the kinetic encrgy gencrator coupled to and configured to
charge a volatile encrgy storage device;

outputting, with a sensor, activity data related to the article of
footwear, and

storing, i an electronic data storage, coupled to the sensor, the
activity data;

transmitting, with a wircless transmission circuit, upon the
volatile energy storage device charging to at least the minimum
transmission energy, the activity data as stored in the electronic data
storage based on energy discharged. at least in part, from the volatile

energy storage device.
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16. The method of claim 15, wherein the kinetic encrpy gencrator is a

piezoclectric gencrator,

17. The method of claim 16, wherein the piczocelectric generator 18

positioned, at least in past, in relation to a sole of the article of footwear.

18, The method of claim 17, wherein the piezoelectric generator is positione

within the sole.

19. The method of claim 17, wherem the sole comprises an insole and an
outsole and wherein the piezoelectnic generator is posifioned on a top surface

of the sole outsole and a bottom surface of the msole.

20. The method of claim 16, wherein the piezoelectric generator comprises a
plurality of piezoelectric gencrators, wherein the ploarality of prezoclectric
generators are positioned in discrete and separate locations in the article of
footwear, and wherein outputting a voltage output is from at least onc of the

plurality of piezoelectne generators.

21. The method of claim 20, wherein a first piezoclectric generator of the
plurality of piczoclectnic generators is positioned proximate a forefoot of the
wearable article and wherein the second piezoelectric generator of the
plurality of piczoelectric generators is positioned proximate a heel of the

article of footwear.

22. The method of claim 20, further comprising a sole, wherein the plurality
of piezoelectric generators are distributed substantially evenly with respect to

the sole.
23. The method of claim 16, further comprising a sole having 3 major

surface, wherein the piczoclectric generator is substantially coextensive to

and conformal with the major surface of the sole.
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24. The method of claim 16, wherein the piezoelectric generator 15 configure
to generaie a discrete energy cutput less than the mintmuim fransmission
energy upon a discrete flexing of the piczoelectric gencrator, and wherein the
energy storage device is configured to charge to at least the minimum
transmission encrgy upon a plurality of discrete flexing events of the

piczoelectric generator,

25. The method of claim 15, wherein the volatile energy storage device isa

capacitor.

26, The method of claim 15, further comprising causing, with a controller,
the wireless transmission cireait to transmit the activity data based, at least in
part, on receiving an indication that the volatile encrgy transmission device

has a charge of at least the minimum transmission cnergy.

27. The method of claim 15, wherein the electronic data storage is further
configured 1o store identity data of the article of footwear and further
comprising transmitting, with the wircless transmission circuit, the dentity
data upon the volatile encrgy storage device charging to at least the

mininnun transmission energy.

28. The method of claim 15, wherein the sensor 1s configured to sense a
footstep and wherein the activity data is indicative, at least in part, of a

number of footsteps for which the article of footwear was worn.
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