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MULTI-ANTENNA TUNED WEARABLE ARTICLE

RELATED APPLICATION

HEED Y This application claims priority to U.S. Provisional Patent
Application Senial No. 62/144,773, filed on April 8, 20135, which is hereby

meorporated by reference herein in its entirety.

TECHNICAL FIELD
0602} The subject matter disclosed herein generally relates to wearable

articles configured for active communication while being wom.

BACKGROUND

[6003] Ultra high frequency (UHF) wircless communication may vary in
operation frequency between and among certain countries, but in gengral may be
undersiood to occur over the range of approximately 300 megahertz (MHz) to
approximately three (3) gigahertz (GHz). Certain regions throughout the world
utilize a varigty different of industrial, scientific, and medical (I5M} bands for
UHF communications. Certain 15M bands are centered arcund approximately
900 MHz, with the center frequencies of those bands falling generally within the

range of approximately 869 MHz to approximately 915 MHz.

BRIEF DESCRIPTION OF THE DRAWINGS

[O004] Some embodiments are illustrated by way of example and not

bimitation in the figures of the accompanying drawings.

HEEIRY FIG. 1 is a cutaway depiction of a wearable article, in an example
embodiment.
[6006] FiG. 2 is a block diagram of an RF communication circuit, in an

example emabodiment.
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HEE R FIG. 3 15 alayout of an RF commumication circuit on a substrate, in
an example embodiment.
10008} FIG. 4 1s a depiction of a wearable article includmg an RF

communication circuit, in an example embodiment.

(]

009} FIG. 5 is a block diagram of a system for transmitting wireless

signals to a wearable article, in an example embodiment.

[06016] FIG. 6 is a flowchart for making a wearable article, in an example

embodiment.

16 DETAILED DESCRIPTION

[0011] Example methods and systems are directed to wearable articles
configured for active UHF communication while being worn. Examples mercly
typify possible vanations. Unless explicitly stated otherwise, components and
functions are optional and may be combined or subdivided, and operations may
15 wvary in sequence or be combined or subdivided. In the following description, for
purposes of explanation, numerous specific details are set forth to provide a
thorough understanding of example embodiments. [t will be evident to one
skilled in the art, however, that the present subject matter may be practiced

without these specific details.

20 [6612) The ISM bands and other regional and intemational communication
bands clustered around approximately 900 MHz (hercin after “the 900 MHz
bands™) may be useful in a variety of circumstances, mciuding but not limited to
radio frequency identification (RFID) tags, chips, and the like, as known i the
art. However, various substances and matenals, including water and other

25 coustituent parts of humans, animals, and clothing, among other things, may be
mmpermeable or otherwise inhibiting of wireless signals in the 900 MHz bands
that are normally tuned for transmission through air. Thus, while RFID tags, for
mstance, have been vtihized in conjunction with articles of apparel such as
clothes, shoes, and the like, such RFID tags or other wircless transouitters in the

30 900 MHz bands may be of substantially reduced range and effectivity while the

wearable article is actually being worn on a person’s body.
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HERRY An RFID tag with a UHF antenna that is positioned in a shirt, for
mstance, may comumunicate to a sutable range in directions away from the body
of the wearer of the shirt but may not communicate in directions that pass

through the wearer. An RFID fag in a shoe mayv be effectively unable to

(v

communicate at all while the shoe is being wom if the {ag is n the sole or heel of
the shoe. Even if the RF1D tag 1s positioned higher in the shoe, such as in the
tongue, cffective commumnication may still be himited both by the presence of the
foot and the proximity of the tag to the ground. Circumstances in which RFID
tags are attached to a shoe intentionally place the RFID at a distinct distance

16 from the foot of the wearer to maintain the ability to communicate at an effective

distance.

[0G14] Actions taken to tune a UHF antenna to communicate effectively
through a human body may, however, reduce the effectivity of the UHF antenna
when the wearable article 1s not being wom by a person. Additionally, the

15 circomstances of wearing the wearable article may place the UHF antenoa away
from the body, in the casc of an overly-large shirt, for mnstance. Thus, to tune the
antenna to the body ot the wearer may result in reduced effectiveness under the

circumstances in which the wearable article 1sn7t being wor.

[0015] Wearable articles have been developed that provide multiple

20 antennas for wirgless communication. A first antenna 1s a UHF antenna for
communication in the 900 MHz bands that is not tuned to the presence of an
animal body. A second antenna is a UHF antenna for communication i the 900
MHz bands that is tuned to the presence of an amimal body, such as thatof a

human or other mammal. In various examples, only the body-tumed UHF

]
2

antenna is included. In further examples, a third antenna is tuned to
communicate in bands around 13.5 MHz or according to other wireless
communication standards. In various exampies, only the second and third
antennas are included. The various antennas may be countrolled and either
actively or passively coordinated o prevent inferference between one another by

30 asingle transmutter cirewit.
{0616} FiG. 115 a depiction of a wearable article 100, including
corponents contained within the wearable article 100 and not necessarily visible

from perspective illustrated, in an example embodiment. As illustrated, the
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wearable article 100 is an article of footwear, specifically a shoe. However, itis
to be understood that while the principles described herein are with specific
reference to the wearable article 100, the principles described herein may be
applied to any suitable wearable article, without limitation to additional wearable

articles disclosed herein.

{6617 The wearable article 100 mcludes a structure 102 including an
cutsole 104 designed to come into contact with a surface, such as the ground or a
floor. an insole 106 configured to scat a human foot, an upper section 103
configured to enclose the huran foot, and a tongue 110 configured to facilitate
securing the wearable article 100 to the human toot via laces 112. The outsole
104 and/or the insole 106 may be configured within a middie section 114 to seat
and secure the arch of a human foot. It is to be recognized that thisisa
simplified depiction of a conventional article of footwear and that various
articles of footwear may incorporate any of a variety of components or features.
Further, certain articles of apparel 100 may not incorporate all of these features
or may include these features in other formats {e.2., a sandal may incorporate the
ouisole 104 and a reconfigured upper section 106 and no insole 106, tongue 110,
and laces 112). It is contemplated that the principles disclosed herein will be

applicable and adaptable to any of a range of wearable articles 100

6018} The wearable article 100 further includes a radio frequency (“RF”)
commumnication circuit 116, The R¥ communication circuit 116 may ncorporate
some conventional features of RFID tags known in the art as well as the various
features disclosed herein. As tllustrated, the RF communication circutt 116 1s
positioned within the middle section 114, seated within and enclosed by the
cutscle 104, However, in various examples the RF communication circuit 116
may be positioned between the outsole 104 and msole 106, within and enclosed
by the insole 106, within the upper section 108, such as on a side of the wearable

article, or within the tongue 110.

[6G19] FI(5. 2 1s a block diagram of an RF communication circuit 116, in
an example embodiment. In the illustrated example, the RF commumnication
circuit 116 is or includes a tri-port antenna, including: a first antenna 200 that is
tuned to transmt UHF signals cffectivelv through air; a second antenna 202 that

1s tuned to transmit UHF signals effectively through a human body (see, e.g.,
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Santiago ef af, “Broadband UHF RFID Passive Tag Antenna for Near-Body
Applications”, IELE Antennas and Wireless Propagation Letters, Vol 12,
{2013). pp. 136~139, incorporated herein by reference in its entirety); and a third
antenna 204 that is configured to communicate according to a different wircless
modality than that of the first and second antennas 200, 202, such as according
to near field communication (NFC) at approximately 13.5MHz, such as
according to any one or more standards including IS0O 144438, ISO1443A N¥C
Type 4, and ISO 15693 (including contemporary and previous versions of those
standards as well as versions of those standards that are yet to be promulgated or
adopted). In various cxamples, the first and second antennas 200, 202
communicate according to a UHF standard, including any one or more of Gen?
or ISO18000-6C {again including versions of those standards that are past,
current, or that may be developed}. In vanous examples, only the first and
second antennas 200, 202 are meorporated. In an example, only one of the

antennas 200, 202, 204 18 mcorporated.

[0028] The first antenna 200 1s positioned in a first position on or within
the structure 102, In an example, the first position is on the RF communication
circuit 116 substrate. The second antenna 202 1s positioned m a second position
on or within the structure 102, In an example, the second position is on the RF
coromunication circuit 116 substrate as well. In such examples, the first and
second positions may be understood to be the same, common position, though it
is to be understood that the first and second antennas 200, 202 may still be
physically separated. The third antenna 204 1s positioned 1n a third position on
or within the structure. In the example provided above, the third position may be

on the tongue 110 of the wearable article 100 or in any other suitable location.

{0021} The RF communication circuit 116 further includes first, second,
and third transceivers 206, 208, 210 cach individually coupled to a respective
one of the antennas 200, 202, 204, Each transceiver 206, 208, 210 may include
componeniry such as a voltage rectificr and a modulator as appropriate for the
respective antenna 200, 202, 204, The transceivers 206, 208, 210 are coupled to
an electronic data storage 212, such as an electrically crasable programmable
read-only memory {("EEPROM™) circutt. In various implementations, individual

ones of the transceivers 206, 208, 210 may be combined, with a single
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transceiver, such as the transceiver 206, providing transmitting and receiving
functionality for multiple antennas. In an example, the single transceiver 206 is
coupled to and configured to be a transceiver for UHF signals for both of the

first and second antennas 200, 202, and the second transceiver 208 may be

(v

omitted. In an example, a single transceiver 206 provides transmitting and
receiving functionality for all three antennas 200, 202, 204, Further, the
mdividual transceivers 206, 208, 210 may be understood to form a singie,
unified transceiver for the RF commumication circuit 116 as a whole, albeit with
discrete componentry configured to provide the various wireless communication

10 modalities disclosed herein,

{8622} More generally, the first and scoond antennas 200, 202 are
configured to receive wirgless signals transmitied according to a first wirgless
cornmunication modality, such as UHF. The ditferences m the physical
charactenistics of the first and second antennas 200, 202 with respect to one

15 anocther make the antennas tuned to the first wireless communication modality in
different environments, such as through the air and through the body, as
disclosed herein. The third antenna 204 15 configured to receive wireless signals
transmitted according to a second wircless commumication modality different

than the first wireless communication modality, such as NFC,

20 [9623] The RF commumication circuit 116 ag tHustrated 1s a passive RF
commumication circuit 116 and, as a result, draws energy from received RF
signals rather than an mternal power supply, such as a battery. However, varous
examples of the RF communication circuit 116 may be active and incorporate an

mternal power source and relatively power intensive componentry not tHustrated

]
2

herein.

[B024] The antennas 200, 202, 204 as lustrated are in close proximity of
one another, in various examples with less than two centimeters of separation
between the antennas 200, 202, 204, and in various examples less than one
centimeter of separation. In an example illustrated herein, the antennas 200,

30 202, 204 are screen printed on a single substrate or are printed on multiple
substrates that are nevertheless located in the same part of the wearable article
100. In various alternative examples, one or more of the antennas 200, 202, 204

are discrete components that may be spatially separate or separated from one

6
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another. In an tHustrative and non-Iimiting example, the first and sceond
antennas 200, 202 may be located in the same part of the wearable article 100,
such as the middle scction 114 as illustrated, while the third antenna may be

located in the tongue 110 and operatively coupled to the transceiver 210 viaa

(v

conductor. In varous examples, the antennas 200, 202, 204 may be sited on the
wearable article in an advantageous position for that mdividual antenna 200,

202, 204.

[6025] The electronic data storage 212 includes or is configured to include
mformation about the wearable article and/or a person associated with the

10 wearable article. The mformation about the wearable article 100 may include,
without himntation, a make and model of the wearable article 100, a size of the
wearable article 100, and information that may be utilized to prove the
authenticity of the wearable article 100, such as a coded senal number. Such
mformation may be coded n to the electromic data storage 212 at a time of

13 manufacture or later in a supply chain. The information about the wearable
article 100 may further include mformation which may be transnuitted and
writien to the electronic data storage 212 at or afier a point of sale, ncluding a
date and location of sale. The information about a person may be transmitied
and written to the clectronic data storage at or afier a point of sale and may

20 wmclude a name or other information about a purchaser of the wearable article
100, an intended recipient of the wearable article 160, or a person to whom the

wearable article 100 has been transterred.

{8626} The R¥F communication circuit 116 optionally mncludes or is

coupled to an output device 214, The cutput device 214 1s configared to produce

]
2

avisual {c g, a light), aural {¢ g., a human-perceptible sound), or other
detectable output dependent on whether or not the first antenna 200 and/or the
second antenna 202 has received enough energy to conduct wireless
communications. As such, the output of the output device 214 provides an
mdication of which one or both of the first and second antennas 200, 202 is
36 engaged m wireless communication. The output device 214 may produce a
different output dependent on which of the antennas 200, 202 is receiving the

communication, such as with a different color light, a different light pattern, a
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different sound tone, and the like, 1o enable an observer io know which antenna
200, 202 is engaged in wircless communication.
06271 While the output device 214 1s depicted as being coupled divectly

between the antennas 200, 202 and their respective transceivers 206, 208, it is

(v

noted that the cutput device 214 may be coupled on the opposite side of the
transceiver 206, 208 from the antennas 200, 202, or anywhere within or coupled
to the RF commumication circuit 116 while still permitting a signal to be
transmitied to the output device 214 indicative of the receipt of communications

by one or both of the antennas 200, 202,

10 [6028] While the RF communication circuit 116 is descenbed with respect
to a passive RF communication system. However, it s 1o be recognized and
understood that the principles disclosed herein may readilv apphied to active
systems on the wearable article 100, including those with a power source and/or

embedded processor.

15 [6629] FIG. 3 1s a layout of the RF communication circuif 116 on a
substrate 300, in an example embodiment. The RF commumication circuit 116
as illustrated includes all three antennas 200, 202, 204 disclosed herein. ltis
noted that particular implementations mayv vary depending on the precise
standards by which the various antennas 200, 202, 204 communicate.

20 Furthermore, as disclosed herein, the antennas 200, 202, 204 may not necessarily
be mcluded on the substrate 200 but rather may be coupled to the remaining

componentry of the RF commumnication circuit 116,

{0630 In the Hustrated example, the antennas 200, 202, 204 are silver or
copper traces screen printed on the substrate 300, In such an example, the

25 substrate 300 is substantially flexibie, though various implementations provide
for a substantially rigid substrate 300, Additionally, the antennas 200, 202, 204
may be disposed on or otherwise coupled to the substrate according to any
suttable method or mechanism known or that may be developed and may be
formed of any of a varicty of suttable materials known or that may be developed.

36 (6031 As lustrated, the first and second antennas 200, 202 are air-tuned
and body-tuned, respectively, based on differences in their respective lengths

302, 304 and/or other physical properties of the antennas 200, 202, In an
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gxample, the first antenna 200 18 a WT-A322 UHF antenna by FUIITSU Group.
The antennas 200, 202 may be understood to be tuned to any particular
environment or medium such that physical properties of the antenna 200, 202 are

selected or varied to mcrease or optimize one or more aspect of antenna

(v

performance within the particular environment or medivm. Thas, for instance,
the first antenna 200, which is tuned for transmission through air, mav have a
higher signal strength, lower signal loss, higher data rate, and/or greater range
through air than through other environments or media, such as through a lnoman
body. In an example, the signal characteristics of the first antenna 200 are the
10 same or substantially the same through air as the signal characteristics of the

second antenna 202 through the human body.

{0632} In various examples, in addition 1o being tuned for air and body,
respectively, the first and second antennas 200, 202 are also tuned to the
structure 102 of the wearable article 100. It 1s noted that the structure 102 may

13 be different for particular implementations of the wearable article 100 and that,
to tune the first and second antennas 200, 202, analvsis may be made ot the
structure 102 and adjustments made to the characteristics of the antennas 200,
202 according to that analvsis. Factors of the structure 102 may include

materials, curves or irregularities in the contours of the structure, and the hike.

20 [B833] The third antenna 204 may similarly be tuned to comnunicate
through the body, though it is noted that implementations disclosed herein and
that may be utilized for the third antenna 204 may not benefit from tuning to the
body. In particular, communication at 13.3MHz may not be susceptible or

overly susceptible to interference from the human body or the structure 102 of

]
2

the wearable article. Thus, 1 such circumstances, tuning of the third antenna
204 to the bodv may be supertluous. fn an cxample, the third coil 204 1s an
ellipsoid having dimensions of 1.5 and 3.0 centimeters. In an alternative
example, the third antenna 204 1s a twenty-five (25) millimeter diameter wet
mlay NXP ICODE SLEIX coil by IDENTIV, Inc. However, various

30 implementations of the third antenna 204 and frequencies at which the third
antenna 204 transmits and receives may benefit from tuning for a body or the
structure 102 of the wearable article 100, in which case the principles disclosed

herein with respect to the first and second antennas 200, 202,
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j3334] The RF commumication circuit 116 is included in one or more
circuits coupled, attached, lanunated, or otherwise secured to the substrate 300,
In an example, the RF convmunication circuit 116 18 an application-specific

mtegrated civcuit (ASIC). In various examples, the RF communication circuit

(v

116 mehudes multiple ASECs, with the transceivers 206, 208, 210 variously split
between and among two or more ASICs. o an example, one ASIC includes the
first transceiver 206 and a second ASIC includes the second transceiver 208,
while the third transeeiver 210 may either be included in the ASIC of the first or
second transceivers 206, 208 or be a component of a separate, third ASIC. The
10 electronic data storage 212 maay be incorporated onto one ASIC and accessed by
the various transceivers 206, 208, 210, may be split between and among the
mdividual ASICs, or may be a separate component coupled to each of the
ASICs, While ASH s are discussed with particularity, it 1s to be recognized and
vnderstood that the RF communication circuit 116 may be taplemented on or

15 with any suitable electronics.

{0035} FIG. 4 is a depiction of a wearable article 400 mcluding an RF
communication circutt 402, in an example embodiment. In the dlustrated
example, the wearable article 400 is a shirt, though it 1s emphasized that the
wearable article 400 may be any suitable article of apparel, article of footwear,
20 or other suitable article. The RF commumication circuit 402 may be the RF
communication circuit 116, may incorporate some components of the RF
communication circuit 116, or may be designed according to the principles

disclosed 1n detai herein.

{6636} The wearable article 400 inchides an information tag 404 on orin

]
2

which at least a portion of the RF communication circuit 402 is positioned. The
mformation tag 404 may be sewn, glued, or otherwise secured to the wearable
article 400. The information tag 404 includes visually-accessible information
related to the wearable articke 400, such as, but not necessarily imited to, a make
and model of the wearable article 100, a size of the wearable article 100, and

30 mformation that may be utilized to prove the authenticity of the wearable article
100, such as a coded serial number. As such, the visual information provided by
the information tag 404 may be the same or similar to the wircless information

provided by the RF communication circuit 116, The visual information may

10
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also mclude logos related to the manufacturer or brand of the wearable article
400, an organization, such as a sport team or league, related to decorative

clements of the wearable article 400, and the like.

{6637} In various examples, not all of the antennas 200, 202, 204 are

(v

mehuded in the wearable article 400, In an example, only the first antenna 200
and the second antenna 202 are ncluded. In an example, only the second
antenna 202 and the third antenna 204 are included. In an example, only the first

antenna 200 and the third antenna 204 are included.

{86638} The R¥F communication circuit 402 may be secured, at least 1 part,

10 to the information tag 404 by be sewn onto a surface 406 of the information tag
404. The surface 406 may be not be externally visible to a viewer of the
wearable article 400 and may be between the mformation tag 404 and a structure
408 of the wearable article 400, e.g., a textile of the shirt. Alternatively, the
mformation tag 404 may have an internal volume in which the RF

15 commumication circuit 402 may be secured, ¢.g., where two textile clements
form a pocket in which the RF commumication circuit 402 may be placed.
Further alternatively, one or more of the antennas 200, 202, 204 of the RF
communication circuit 402may be formed form conductive thread or other

material and sewn mto the information tag 404 wsclf.

20 |0639) FIG. 5 is a block diagram of a system 500 for transmutting wirgless
signals to a wearable article 100, in an example embodiment. While the
wearable article 100 will be referenced with respect to the system 500, it 1s noted
that the wearable article 400 or any suitable wearable article with an air-toned
antenna and a body-tuned antenna may be utilized mstead.

25 [0040] The svstem 300 includes an external transceiver 502 and external

antenna 504 configured to transmit and receive wireless signals 506 to at least
one of the antenmas 200, 202, 204 according to at lcast onc wireless modality. In
various examples, the external transceiver 302 includes multiple individual
transceivers configured to transmit according to the first and second wireless

30 modalitics disclosed herein. In various examples, the external antenna 504
mcludes multiple individual antennas configured to transmit and receive the

wireless signals 506 according {o the first and second wireless modalities.

ti
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0041} The system 500 further mchides a controller 508 configured to
control operation of the external transceiver 302, including by providing
mformation for transmittal to the wearable article 100 and to receive information

provided by the wearable article 100. As such, the controller 508 may receive

(v

mformation about the wearable article 100 and information about a person
associated with the wearable article 100, The controller 508 is optionally
coupled to one or more of an external electronic data storage 510 and a user
mterface 512, which may, respectively, be configured to store the information
received from the wearable article 100 and present the information received form
1¢  the wearable article 100 to a user.

0042} FIG. 6 is a flowchart for making a wearable article, in an example
embodiment. The method may be utilized for making one or both of the

wearable articles 100, 400 or any other suitable wearable article.

{304 3] At 600, a structure of a wearable article i1s formed to enclose a body
15  part.
{0044} At 602, a first anterma ts positioned i a first positon on or within

the structure, the first antenna tuned to communicate according to a wireless

communication modality through air,

{304 5] At 604, a second antenna is positioned in a second position on or
20 within the structure, the second antenna tuned to communicate according to the
wirgless communication modality through the body part, the first antenna being
tmed differently than the second antenna. In an example, the first and second
antennas are further tuned to communicate according to the wircless
communication modality through the structure of the article of footwear in

25 addition to through air and the human foot, respectively.

{0046} At 606, a transceiver is operatively coupled to at least one of the
first antenna and the second antenna, the transceiver configured to communicate
with an external antenna via the at least one of the first and second antennas
according to the wircless communication modality. In an ¢xample, the wireless

30 comnunication modality is a first wircless communication modality and the first
wireless communication modality is an ultra high frequency (UHF)

communication modality and wherein the second wireless communication

12
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modality is at least ong of a near field communication (NFC) modality and an
180 15693 modality. in an example, the transceiver comprises a first
transceiver, wherein operatively coupling the transceiver comprises operatively

coupling the first transceiver to the first antenna, the first transceiver configured

(v

to communicate according to the wircless communication modality via the first
antenna and a second transceiver, wherein operatively coupling the transceiver
comprises operatively coupling the second transceiver to the second antenna, the
second transceiver configured to communicate according to the wireless

communication modality via the second antenna.

10 [6047] In an example, the first and second antennas and the transceiver are
disposed on a common substrate, the first and second positions are a common
position, and positioning the first antenna and positioning the second antenna
coraprise positioning the substrate in the common position. In an example, the
first and second antenmas are discrete components with respect to one another

15 and the first and second positions arg separate with respect to ong another.

{0048} At 608, athird antenna 18 positioned n a third position on or within
the structure and coupled to the transceiver, the third antenna tuned o a second
wircless communication modality different than the first wircless
communication modality. In an example, the structure comprises a tongue of an
20 article of footwear, and wherein the third position 1s on or within the tongue. In
an example, the structure comprises an cutsole and an 1nsole and wherein the
first, second, and third positions and the transceiver are at least one of within the
outsole and between the outsole and the msole. In an example, the transceiver

comprises a first transceiver, wherein operatively coupling the transceiver

]
2

compnses operatively coupling the first transceiver to the first and second
antennas, the first transceiver configured to conununicate according to the first
wireless commumication modality via the first and second antennas, and a second
transceiver, wherein operatively coupling the transcerver comprises operatively
coupling the second transceiver to the third antenna, the third transceiver

30 configured to communicate according to the second wireless communication

modality via the third antenna.

[0049] At 610, an clectronic data storage is operatively coupled to the

transceiver, the electronic data storage configured to store information about at
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least one of: the wearable article; and a person associated with the wearable
article.

{0656} At 612, an information tag is secured to the structure, wherein

positioning the first antenna and positioning the sccond antennas comprise

(v

securing the first and second antennas, at least in part, to the imformation tag. In
an example, the mformation tag inchudes visual information related to the article
of apparel, and wherein the transceiver is configured to transmit wireless
mformation related to the article of apparel, the wireless information including at
least some information included m the visual information. In an example,

16 secuning the third antenna mcludes securing the third antenna to the mformation
tag. In an example, the information tag includes visual information related to the
article of apparel, and wherein the transceiver is configured to transmit wircless
mformation related to the article of apparel, the wireless information including at

least some mformation included in the visual information.

15 [6051) At 614, an output device is coupled to the first and second
antennas, the output device configured to provide a first indication if the first
antenna receives a wircless signal and a second indication if the second antenna
receives a wireless signal. In an example, the first and second indications are at

least one of a visual indication and an audio indication.

EXAMPLES

{0652} Examples of articles, systems, and methods disclosed herein are

presented without limitation.

[3053] In Example 1, a wearable article includes a structure configured to
25  enclose a body part, a first antenna, in a first positon on or within the structure,

tumed to communicate according o a wireless communication modality through

atr, a second antenna, in a second position on or within the structure, toned to

communicate according to the wireless communication modality through the

body part, the first antenna being tuned differently than the second antenna, and
30 atransceiver, operatively coupled to at least one of the first antenna and the

second antenna, configured to commumicate with an external antenng via the at

14
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least one of the first and second antennas according to the wireless

communication modality.

{8054] In Example 2, the wearable article of Example 1 optionally further
mcludes that the wireless communication modality 1s a first wireless
communication modality and further comprising a third antennpa, in a third
posttion on or within the structure and coupled to the transceiver, tuned to a
second wireless communication modality different than the first wircless

communication modality.

{0655} In Example 3, the wearable article of any one or more of Examples
1 and 2 optionally further includes that the first wireless communication

modality is an ultra high frequency (UHF) communication modality and wherein
the second wircless communication modality 15 at least one of a near ficld

commumnication (NFC) modality and an ISO 15693 modality.

[6656] In Example 4, the wearable article of any one or more of Examples
1-3 optionally further includes that the wearable article 1s an article of footwear,
wherein the structure comprises a tongue, and wherein the third position is on or

within the tongue,

LBy In Example 5, the wearable article of any one or more of Examples
1-4 optionally further inclades that the structure comprises an outsole and an
msole and wherein the first, second, and third positions and the transceiver are at

feast one of within the outsole and between the outsole and the nsole.

{0058} In Example 6, the wearable article of any one or more of Examples
1-5 optionally further includes that the transceiver comprises a first transceiver,
coupled to the first and second antennas, configured to commanicate according
to the first wireless communication modality via the first and second antennas
and a second transceiver, coupled to the third anteona, configured to
communicate according to the second wireless communication modality via the

third antenna.

[B059] In Example 7, the wearable article of any one or more of Examples
1-6 optionally further includes that the transceiver comprises a first transceiver,
coupled to the first antenna, configured to communicate according to the

wireless communication modality via the first antenna and a second transceiver,
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coupled to the second antenna, configured to communicate according to the
wireless communication modality via the second antenna.
0664} In Example 8, the wearable article of any one or more of Examples

1-7 optionally further inclades that the first and second antennas and the

(v

transceiver are disposed on a common substrate, the first and second positions

arc a common position, and the substrate is positioned in the common position.

{3061 In Example 9, the wearable article of any one or more of Examples
1-8 optionally further inchades that the first and second antennas are discrete
components with respect to one another and the first and sccond positions are

10 separate with respect to one another.

{0062} In Example 10, the wearable article of any one or more of
Examples 1-9 optionally further mchudes an electronic data storage, operatively
coupled to the transcetver, configured to store information about at least ong of

the wearable article; and a person associated with the wearable article.

15 [8063] In Example 11, the wearable article of any one or more of
Examples 1-10 optionally further includes that the first and second antennas are
further tuned to communicate according to the wircless communication modality
through the structure of the article of footwear in addition to through air and the

human foot, respectively.

20 [0064] In Example 12, the wearable article of any one or more of
Examples 1-11 optionally further mclades an information tag secured to the
structure, wherein the first and second antennas are secured, at feast in part, to

the information tag.

[0065] in Example 13, the wearable articie of any one or more of

25  Examples 1-12 optionally further includes that the information tag includes
visual information related to the article of apparel, and wherein the transceiver is
configured fo transmit wircless information related to the article of apparel, the
wirgless information including at least some information inchided in the visual

information.

30 [b06s] In Example 14, the wearable article of any one or more of
Exaroples 1-13 optionally further includes that the wireless communication

modality is a first wireless commumnication modality and further comprising a

16
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third antenna, secured, at least m part, to the information tag and coupled to the
transceiver, the third antenna tuned to a second wircless communication

modality differcnt than the first wireless cornamunication modality.

{0067} In Example 15, the wearable article of any one or more of

(v

Examples 1-14 optionally further includes that the information tag includes
visual mnformation related to the article of apparel, and wherein the transceiver is
configured to transmit wireless information related to the article of apparel, the
wircless information including at least some mformation inchuded in the visual

information.

10 [6068] In Example 16, the wearable article of any one or more of
Examples 1-15 optionally further includes an output device, coupled to the first
and second amtennas, configured to provide a first indication if the first antenna
receives a wireless signal and a second imndication if the second antenna receives

a wircless signal.

15 0669} In Example 17, the wearable article of any one or more of
Examples 1-16 optionally further includes that the first and second indications

are at least one of a visual indication and an audio indication.

{6070} In Example 18, a method mncludes forming a structure configured to
enclose a body part, positioning a first antenna in a first positon on or within the

20 structure, the first antenna tuned to communicate according to a wircless
communication modality through air, positioning a second antenna i a second
position on or within the structure, the second antenna tuned to communicate
according to the wircless communication modality through the body pait, the
first antenna being tuned differently than the second antenna, and operatively

25 coupling a transceiver to at least one of the first antenna and the second antenna,
the transceiver configured to communicate with an extemnal antenna via the at
least one of the first and second antennas according to the wircless

communication modality.
{6871} In Example 19, the method of Example 18 optionally fusrther

36 includes that the wireless communication modality is a first wircless
communication modality and further comprises positioning a third anteonain a

third position on or within the stracture and coupled to the transcetver, the third

17
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antenna tuned to a second wireless communication modality different than the
first wirgless commmunication modality.
{6672} In Example 20, the method of any one or more of Examples 18 and

19 optionally further includes that the first wircless commumication modality is

(v

an ultra high frequency (UHF) conmmumication modality and wherein the second
wireless commumication modality is at least one of a near field communication

(NFC) modality and an ISO 15693 modality.

10073] In Example 21, the method of any one or nore of Examples 18-20
optionally further includes that the structure comprises a tongue of an article of

10 footwear, and wherein the third position is on or within the tongue.

[B074] In Example 22, the method of any one or more of Examples 18-21
optionally further includes that the structure comprises an outsole and an insole
and wherein the first, second, and third positions and the transceiver are at least

one of within the outsole and between the outsole and the insole.

15 [6075] In Example 23, the method of any ong or more of Examples 18-22
optionally further includes that the transceiver comprises a first transceiver,
wherein operatively coupling the transceiver comprises operatively coupling the
first transceiver to the first and second antennas, the first transceiver configured
to communicate according to the first wircless communication modality via the

20 first and sccond antennas; and a second transceiver, whercin operatively
coupling the transceiver comprises operatively coupling the second transceiver
to the third antenna, the third transceiver configured to communicate according

to the second wireless communication modality via the third antenna.

[B876] In Example 24, the method of any one or more of Examples 18-23

N
W

optionally further includes that the transeeiver comprises a first transceiver,
wherein operatively coupling the transceiver comprises operatively coupling the
first transceiver to the first antenna, the first transceiver configured to
communicate according to the wireless communication modality via the first
antenna; and a second transceiver, wherein operatively coupling the transceiver
30 comprses operatively coupling the second transceiver to the second antenna, the
second transceiver configured to communicate according to the wireless

communication modality via the second antenna.



WO 2016/164804 PCT/US2016/026761

{077} In Example 23, the method of any one or more of Examples 18-24
optionally further includes that the first and second antennas and the transceiver
arc disposed on a conunon substrate, the first and sccond positions are a

common posiiion, and positioning the first antenna and posttioning the second

(v

antenna comprise positioning the substrate in the common position.

[B078] In Example 26, the method of any one or more of Examples 18-25
optionally further includes that the first and second antennas are discrete
components with respect to one ancther and the first and second positions are

separate with respect to one another,

10 [6679] In Example 27, the method of any one or more of Examples 18-26
optionally further includes operatively coupling an electronic data storage to the
transceiver, the electronic data storage configured to store information about at
least one of: the wearable article; and a person associated with the wearable

article.

15 06840 In Example 28, the method of anv one or more of Examples 18-27
optionally further includes that the first and second antennas are further tuned to
communicate according to the wireless communication modality through the
structure of the article of footwear in addition to through air and the human foot,
respectively.

20 0081 In Example 29, the method of any one or nore of Examples 18-28
optionally further mcludes securing an information tag to the structure, wherein
positioning the first antenna and positioning the sccond antennas comprise

securing the first and second antennas, at least in part, to the mformation tag,

[B082] In Example 30, the method of any one or more of Examples 18-29

N
W

optionally further includes that the mformation tag includes visual information
related to the article of apparel, and wherein the transceiver 1s configured to
transmit wireless information related to the article of apparel, the wireless
mformation including at least some information included in the visual
information.

36 [B083) In Example 31, the method of any one or more of Examples 18-30
optionally further mcludes that the wireless communication modality 15 a first

wireless commumication modality and further comprises seouring a third
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antenna, at least in part, to the information tag and coupled to the transceiver, the
third antenna tuned to a second wireless communication modality different than

the first wircless communication modality.

{6084} In Example 32, the method of any ong or more of Examples 18-31
optionally further includes that the information tag includes visual information
related to the article of apparel, and wherein the transcciver 18 contigured to
transmit wireless mformation related to the article of apparel, the wireless
mformation including at least some information included in the visual

information.

{0085] In Example 33, the method of any one or more of Examples 18-32
optionally further includes coupling an output device to the first and second
antennas, the output device configured to provide a first indication if the first
antenna receives a wireless signal and a second indication if the sccond anternma

receives a wireless signal.

{0086} In Example 34, the method of any one or more of Examples 18-33
optionally further includes that the first and second indications are at least one of
a visual indication and an audio indication.

[O087] In Example 35, a system includes the wearable article of any one or
more of Examples 1-17 and optionally farther inchudes an external transceiver
coupled to an external antenna configured to communication according to the

wirgless communication modality.

{BG8E] In Example 36, the system of Example 35 optionally further
ncludes that the external antenna is configured to communicate according to at

least one of the first and second wireless communication modalities.

{06089} In Example 37, the system of any one or more of Examples 35 and
36 optionally further include one or more of an electronic data storage, a

controller, and a user interface operatively coupled 1o the external transceiver.
[B090] As used herein, the term “memory” refers to a machine-readable
medmm able to store data temporanily or permanently and may be taken to
mclude, but not be limited to, random-access memory (RAM), read-only
memory {(ROM), buffer memory, flash memory, ferroclectric RAM (FRAM),

and cache memory. The term “machine-readable medium” should be taken to

20
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mclude a single medium or multiple media {¢.g., a centralized or distributed
database, or associated caches and servers) able to store instructions. The term
“machine-readable medium™ shall also be taken to mclude anv medium, or
combination of multipie media, that 1s capable of storing instructions {(e.g.,
software} for execution by a maching, such that the instructions, when executed
bv one or more processors of the machine, canse the machine to perform any one
or more of the methodologies described herein. Accordingly, a “machine-
readable medium”™ refers to a single storage apparatus or device, as well as
“cloud-based” storage systems or storage networks that include multiple storage
apparatus or devices. The term “machine-readable medium” shall accordingly
be taken to mnclude, but not be limited to, one or more data repositories in the
form of a solid-state memory, an optical medium, a magnetic medium, or any

suitable combination thereof.

HEBMY 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, ong or more of the mdividual operations mayv be performed
concurrently, and nothing requires that the operations be performed in the order
tHustrated. Structures and functionality presented as separate components in
example configurations may be implemented as a combined structure or
component. Simlarly, 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.

{06692} 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
i 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 system {€.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.

{8693} In some embodiments, a hardware module may be implemented
mechanically, electromically, or any suitable combination thereof. For example,
a hardware module may nciude dedicated circutiry 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
operations. For example, a hardware module mayv include software
encompassed within a general-purpose processor or other programmable
processor. It will be appreciated that the decision to tuplement a hardware
module mechanically, in dedicated and permanently configured circuitry, orin
temporarily configured circuitry (e.g., configured by software may be driven by

cost and time considerations.

0094} 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.,
progranwned) to operate in a cortain manner or to perform certain operations
described herein.  As used herein, “hardware-implemented 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
software to become a special-purpose processor, the general-purpose processor
may be configured as respectively different special-purpose processors (e.g.,
coraprising different hardware modules) at different times. Software may
accordingly configure a processor, for example, to constituie a particular
hardware module at onc mstance of time and to constituic a different hardware

module at a different nstance of time.

{0695} Hardware modules can provide information to, and receive
nformation from, other hardware modules. Accordingly, the described

hardware modules may be regarded as being communicatively coupled. Where

22
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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
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
hardware module may then, at a later time, access the memory device to retrieve
and process the stored output. Hardware modules may also nitiate
communications with input or cutput devices, and can operate on a resource

{¢.g., a collection of information).

6096} The various operations of example methods described herein may
be performed, at least partially, by one or more processors that are 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-
mmplemented module” refers to a hardware module implemented using one or

mMore proc.ossors.

{6097 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
Of IMOYE Processors or processor-implemented modules. Moreover, the one or
moTe processors may also operaie 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
operations being accessible via a network {(e.g., the Internet) and via one or more

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

[B098] 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.

6099} 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 menorv (¢.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 involve physical manipulation

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

A IS

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.

106104 Unless specifically stated otherwise, discussions herein using words

2 <o 7 <e

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

>

N
(4

“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

36 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:

5 1. A wearable article, comprising:

a structure configured to enclose a body part;

a first antenna, in a first positon on or within the structure, tuned
to communicate according to a wircless communication modality through
air;

10 a second antenna, in a second position on or within the structure,
tuned to communicate according to the wireless commaunication modality
through the body pait, the first antenna being tuned differently than the
second antenna; and

a transceiver, operatively coupled to at least one of the first

15 antenna and the second antenna, configured to communicate with an

external antenna via the at least one of the first and second anfennas

according to the wircless communication modality,

2. The wearable article of claim 1, wherein the wireless communication

20 modality is a first wireless commmunication modality and further comprising a
third antenna, in a third position on or within the structure and coupled to the
transceiver, tuned 0 a second wireless comumumication modality different

than the first wircless communication modality.

o
[

3. The wearable article of claim 2, wherein the first wireless communication
modality is an ultra high frequency (UHF) communication modality and
wherein the second wireless communication modality is at least one of a near

field communication (INFC) modality and an {80 13693 modality.

30 4. The wearable article of any one of clains 2 and 3, wherein the wearable
article is an article of footwear, wherein the structure comprises a tongue,

and wherein the third position is on or within the tongue.
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5. The wearable article of any one of claims 2 and 3, wherein the structiure
comprises an cutsole and an inscle and wherein the first, second, and third
positions and the transceiver are at least one of within the outsole and

between the outsole and the nsole.

6. The wearable article of anv one of clats 2 and 3, wherein the transceiver
COMPIises:

a first transceiver, coupled to the first and second antennas, configured to
communicate according to the first wireless commumnication modality via the
first and second antennas; and

a second transceiver, coupled to the third antenna, configured 1o
communicate according to the second wircless communication modality via

the third antenna.

7. The wearable article of claim 1, wherein the transceiver comprises:

a first transceiver, coupled to the first antenna, configured to
communicate according to the wircless communication modality via the first
antenna; and

a second transcerver, coupled to the second antenna, configured to
communicate according to the wircless communication modality via the

second anfenna.

8. The wearable article of claim 1, wherein the first and sccond antennas and
the transceiver are disposed on a common substrate, the first and second
positions are a common posttion, and the subsirate is positioned in the

common position.

9. The wearable article of claim |, wherein the first and second antennas are
discrete components with respect to one another and the first and second

positions are separate with respect to one another.

10. The wearable article of any one of claims |-3, further comprising an

electronic data storage, operatively coupled to the transceiver, configured to
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store information about at least one of: the wearable article; and a person

associated with the wearable article.

t1. The wearable article of claim 1, wherein the first and second antennas are

(v

further tuned to communicate according to the wirgless communication
modality through the structure of the article of footwear 1n addition to

through air and the human foot, respectively.

12. The wearable article of any one of ¢laims 1-3, further comprising an
10 mformation tag secured 1o the structure, wheremn the first and second
o H

antennas are secured, at least in part, to the information tag.

13, The wearable article of ¢laim 12, wheren the information tag includes
visual information related to the article of apparcel, and wherem the

15 transceiver is configured to transmit wireless information related to the
article of apparel, the wircless information including at ieast some

mformation included 1 the visual information.

14 The wearable articie of claim 12, wherein the wircless communication

20 modality is a first wireless communication modabity and further comprising a
third antenna, secured, at least i part, to the information tag and coupled to
the transceiver, the third antenna tuned o 3 second wireless communication

modality different than the first wireless communication modality.

25 15, The wearable article of claim 14, wherein the imformation fag includes
visual information related to the article of apparel, and wherein the
transceiver is configured to transmit wireless information related to the
article of apparel, the wircless information mcluding at least some
mformation included m the visual imformation.

30
16. The wearable article of any one of claims 1-3, further comprising an
output device, coupled to the first and second antennas, configured fo
provide a first indication if the first antenna receives a wireless signal and a

second indication if the second antenna receives a wireless signal.

27
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17. The wearable article of claim 16, wherein the first and second indications

are at least one of a visual indication and an audio mndication.

18, A method, comprising:

forming a structure contigured to enclose a body part;

positioning g first antenna in a first positon on or within the
structure, the first antenna tuned to communicate according to a wireless
communication modality through air;

positioning a second antenna in a second position on or within the
structure, the second antenna tuned to communicate according to the
wireless communication modality through the body part, the first antenna
being tuned differently thao the second antenna; and

operatively coupling a transceiver to at least one of the first
antenna and the second antenna, the transceiver configured to
communicate with an external antenna via the at least one of the first and

second antennas according to the wircless communication modality.

19. The method of claim 18, wherein the wireless communication modality is
a first wireless communication modality and further comprising:

positioning a third antenna 1 a third position on or within the structure
and coupled to the transceiver, the third antenna tuned to a second wireless
communication modality different than the first wireless communication

modality,

20, The method of claim 19, wherein the first wireless communication
modality is an ultra high frequency (UHF) communication modality and
wherein the second wireless communication modality is at least one of a near

field communication (NFC) modality and an 80 13693 modality.

21. The method of any one or more of claims 19 and 20, wherein the
structure comprises a tongue of an article of footwear, and wherein the third

position 1s on or within the tongue.
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22. The method of any one or more of claims 19 and 20, wherein the
structure comprises an outsole and an insole and wherein the first, second,
and third positions and the transceiver are at least one of within the outsole

and between the outsole and the insole.

(v

23. The method of any one or more of clatas 19 and 20, wherein the
fransceiver comprises:

a first transceiver, wherein operatively coupling the transceiver
comprises operatively coupling the first {ransceiver to the first and second

16 antennas, the first transceiver configured to communicate according to the

first wireless commumication modality via the first and second antennas; and

a second transceiver, wherein operatively coupling the transceiver
comprises operatively coupling the second transceiver 1o the third anteona,
the third transceiver configured to commmunicate according to the sccond

15 wirgless communication modality via the third antenna.

24 The method of claim 18, whercin the transceiver comprises:
a first fransceiver, wheren operativelv coupling the transceiver
comprises operatively coupling the first transceiver {o the first antenna, the
20 first transceiver configured to communicate according to the wireless
communication modality via the first andenna; and
a second transceiver, wherein operatively coupling the transcetver
comprises operatively coupling the second transceiver to the second antenna,

the second transceiver contigured to conununicate according to the wircless

-]
N

communication modality via the second antenna.

25. The method of claim 18, wherein the first and second antennas and the
transceiver are disposed on a common substrate, the first and second
positions are a common position, and positioning the first antenna and

36 positioning the second antenna comprise positioning the substrate in the

common position.

29
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26. The method of claim 18, wherein the first and second antennas are
discrete components with respect to one ancther and the first and second

positions are separate with respect to one another,

(v

27. The method of any one or more of claims 18-20, further comprising
operatively coupling an clectronic data storage to the transceiver, the
electronic data storage configured to store mformation about at least one of

the wearable article; and a person associated with the wearable article,

10 28. The method of claim 18, wherein the first and second antennas are
further tuned to commumicate according to the wireless communication
modality through the structure of the article of focotwear i addition to

through air and the human foot, respectively.

i3 29. The method of any one or more of claims 18-20, further comprising
securing an information tag to the structure, wherein positioning the first
antenna and positioning the second antennas comprise securing the first and

second antennas, at least in part, to the information tag.

20 30. The method of claim 29, wherein the information tag mchudes visual
mformation related to the article of apparel, and whercin the transceiver is
configured to transmit wircless information related to the article of apparel,
the wireless information inchuding at least some imformation ncluded in the

visual mmformation.

-]
N

31. The method of claim 29, wherein the wireless communication modality is
a first wireless communication modality and further comprising:
sccuring a third antenna, at least in part, to the information tag and
coupled to the transceiver, the third antenna tuned to a second wireless
36 communication modality different than the first wireless communication

modality,

32. The method of claim 31, wherein the information tag mcludes visual

information related to the article of apparel, and whercin the transceiver is
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(v

10

configured to transmit wircless information related to the article of apparel,
the wireless information inchuding at least some imformation ncluded in the

visual mmformation.

33. The method of any one or mosc of claims 18-20, further comprising
coupling an output device fo the first and sccond antennas, the output device
contigured to provide a first indication if the first antenna receives a wireless
signal and a second indication if the second antenna receives a wireless

signal.

34, The method of claim 33, wherein the first and second indications are at

{east one of a visual indication and an audio mndication.
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