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FIG. 1

disclosed herein. An example radio frequency identitication capsule in-
cludes a substrate layer; a radio frequency identification layer on the
substrate layer, the radio frequency identification layer including a ra-
dio frequency identification tag formed from nanoparticle ink; and a
protective layer surrounding the radio frequency identification layer.
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Radio Frequency Identification Capsule

BACKGROUND

16001] Radio frequency identification is a wireless use of radio-frequency
electromagnetic fields for iransferring data and/or information. Radio frequency
identification utilizes radio freguency identification tags including circuitry (e.g.,
resistor(s), capacitor(s), inducior(s}, etc.} for capturing, analyzing, andfor

transmitling signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[B082] FIG. 1 is a block diagram of an example radio frequency
identification (RFID) system including an example RFID capsule builder, an
example RFID capsule printer, an example RFID capsule, and an RFID capsuls
identifier constructed in accordance with an aspect of this disclosure.

[GOO3IFIG. 2 is a block diagram of an example RFID capsule builder that
may implement the RFID capsule builder of FIG. 1.

(60041 FIG. 3 is a block diagram of an example RFID capsule printer that
may implement the RFID capsule printer of FIG. 1.

[GOOBIFIGS. 4A-4B illusirate a cross seclion of example RFID capsule(s)
that may implement the RFID capsule of FIG. 1 in accordance with an aspect of
this disclosure.

[GGO8] FIG. 5 is an example circuil that may implement an example RFID
tag in the RFID capsule(s) of FIGS. 1, 3A, and/or 3B.

[G0O7IFIG. 8 is an exampls RFID capsule detector that may implement
the RFID capsule detector of FIG. 1.
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[GOO8] FIG. 7 iHlustrates an example environment of use in which the RFID
system of FIG. 1 may be implementsd in accordance with an aspect of this
disclosure,

(G009 FIG. BA Hllustrates an example display that may be implemented by
the RFID capsule detgctor of FIGS. 1, 5, and/or 6.

[8018] FIG. 8B Hlustrates another example display that may be
implemented by the RFID capsule delector of FIGS. 1, 8, and/or 7.

[G011]F1G. 9 is a flowchart representative of example machine readable
instructions that may be executed o implement the RFID capsule builder of
FIGS. 1 and/or 2.

(60121 FIG. 10 is a flowchart representative of example maching readable
instructions that may be executed o implement the RFID capsule printer of
FIGS. 1 and/or 3.

[GO131FIG. 11 is a flowchart representative of example machine readable
instructions that may be execuied to implement the RFID capsule detector of
FIGS. 1, 8, and/or 7.

(66141 FIG. 12 is a block diagram of an example processor platform
capable of execuling the instructions of FIG. 8 {o implement the RFID capsule
builder of FIGS. 1 and/or 2, the instructions of FIG. 10 to implement the RFID
capsuie printer of FIG. 1, and/or the instructions of FIG. 11 o implement the
RFID capsule detector of FIGS. 1 andior 6.

[86815] The figures are not to scale. Instead, 1o clarify multiple layers and
regions, the thickness of the layers may be eniarged in the drawings. Wherever
possible, the same reference numbers will be used throughout the drawing(s)
and accompanying written description fo refer {o the same or like parts. As used
in this patent, stating that any part {e.g., a layer, film, area, or plate) is in any way
positioned on {e.g., positionad on, located on, disposed on, or formead on, &tc.)
ancther part, means that the referenced part is either in contact with the other
pari, or that the referenced part is above the other part with at least ong
intermediate part located therebetween. Stating that any part is in contact with

another part means that there is no intermediate part between the two parls.
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DETAILED DESCRIPTION

[6G316] Examples disclosed herein involve a radio frequency identification
{RFID} capsule for efficient production and use in identifving a user thal receives
the RFID capsule. The example RFID capsule may be formed using
nanoparticle materials {e.g., nanoparticle inks) such that the RFID capsule is
small encugh o be ingested by a user and/or surgically inserted into a user.
Accordingly, the RFID capsule may be produced and/or manufaciured by a
three-dimensional (3D) printer.

[6G17] Though RFID and RFID tags have been used in previous
technigues, examples disclosad herein provide for increased reliability and
efficiency in identifying a particular user corresponding 1o an RFID capsula. In
some examples, an RFID capsule, constructed in accordancs with an aspect of
this disciosure, may be ingested by a user. Accordingly, the RFID capsule would
be protected within a digesiive sysiem of user and substantially tamper proof.
Furthermore, because the example RFID capsules disclosed herein may be
ingestible {i.e., can be {aken by a user's mouth), and the RFID capsules may not
necessarily involve surgical insertion info a user (e.g., subcutaneous insertion).
in other examples, the RFID capsules may be surgically inserted into a user.
Accordingly, example systems, methods, apparatus, and articles of manufaciure
may be useful in many implementations from avoiding friendly fire on a batilefield
to identifving a location of a pet or livestock through efficient production of an
RFID capsule.

[6818] An example RFID capsuie disclosed herein includes a subsirale
faver, an RFiD layer on the substrale layer with a radio frequency identification
tag formed from nanoparticle ink, and a protective layer surrounding the radio
freqguency identification laver. An example method disclosed herein involves
printing a substrate iayer of a capsule, printing an RFID tag in an RFID layer of
the capsule, and printing a profective laver of the capsule over the RFID layer.
An example disclosed herein involves monitoring for an RFID tag of an RFID
capsule formed from nanoparticle ink, detecting the RFID tag, and determining a

focation of a user that received the RFID capsuls.
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[6819] As used herein, a three-dimensional printer (3D printer)is a
machine that generates three dimensional objects (e.g., capsules) from
material{s) (e.g., powder(s), ink(s), substrale(s), elc.) by printing layers of the
material{s) from data and/or a digital model. As used herein, a layer may be
formed from oneg or more applications of material{(s) {e.g., by a 3D printer) and
may be comprised of substantially the same malerials and/or is formed to serve
one or more designated purposes. As used herein, a user that receives an RFID
capsuie as disclosed herein may be a human (e.g., a soldier, an employes, an
associate, oic.) or any other animal (8.g., a petl, a wild animal, livestock, elc.). In
examples, disclosed herein, a user may receive an RFID capsule by ingesting
{e.g., by mouth) the RFID capsule and/or by surgical insertion of the RFID
capsuie. As used herein, nanoparticle ink refers to a material comprised of
nanoparticles less than ten microns in diametsr.

[G0201FIG. 1 is a block diagram of an example radio frequency
identification (RFID) system 100 constructed in accordance with this disclosure,
The example RFID system 100 of FIG. 1 includes an RFID capsule builder 116,
an RFiD capsule printer 120, an RFID capsule 130, and an RFID capsule
detector 140. The RFID system 100 of FIG. 1 provides for generation,
manufacture, and/or use of RFID capsules 130 for identification purposes. in
examples disclosed herein, a user {e.g., a human or other animal) receives {e.g.,
via ingestion, via surgical insertion, elc.) the RFID capsule 130, which is
produced by the RFID printer 120 based on instructions from the RFID builder
110. In some such examples, the RFID capsule 130 is detscted and/or
monitorad by the RFID capsule detector 140 while the RFID capsule 130 is within
the user {e.g., in the user’s digestive system). Accordingly, the example RFID
capsule builder 110 of FIG. 1 provides capsule data andfor information {o the
RFID capsule printer 120, which is to print layers of malerial(s) to produce the
RFID capsule 130. The RFID capsule detector 140 monitors for and/or detecls
the RFID capsule 130 (and/or other RFID capsule{s)).

[60321] The example RFID capsuls builder 110 of FIG. 1 may be
implemented by a personal computer, a tablet computer, or any other type of

computing device 1o generate data and/or information for building the RFID
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capsule 130. in some examples, a user may use the RFID capsule builder 110
to generate data including information {e.g., circuit data, material(s) data, eic.) for
manufacturing the RFID capsule 130. In other examples, the RFID capsule
builder 110 may be configured o automatically generate such data without user
interaction. The RFiD capsule bullder 110 provides the data o the RFID capsule
printer 120 via communication link 150. The communication link 150 may be any
wired and/or wireless communication Hink. An example implemeniation of the
RFID capsuie builder 110 is disclosed below in conneclion with at least FiG. 2.

[6322] The RFID capsule printer 120 of FIG. 1 may be a 3D printer
capable of printing mulliple materials and types of materials (e.g., applying inks
and/or types of inks) to manufacture/produce a 3D object {e.g., the RFID capsuie
130). The RFID capsule printer 120 may include a plurality of print heads for
extrusions of inks, powders, ete. Furthermore, the RFID capsule printer 120 may
include multiple mechanisms for moving the print heads in any and/or all
directions and/or rotating objecis produced by the RFID capsule printer 120, The
RFEID capsule printer 120 may include a processor andfor siorage for processing
and/or storing capsule data received from the RFID capsule builder 110, In
some exampiles, the RFID capsule printer 120 may include a plurality of aerosol
jet units to convert material{s), such as ink{s), powder{(s), etc. {0 nanoparticles.
Additionally or alternatively, the RFID capsule printer 120 of FIG. 1 may include a
heating unit {0 heal the material{s) and/or a cooling unil {o cool the malerial(s)
before and/or after extrusion by the print head. Such heating and/or cooling units
may be used to cure the RFID capsule 130 and/or layer(s) of the RFID capsule
130, An example implementation of the RFID capsule printer 120 is disclosed
below in connection with at least FIG. 3.

[6023] The example RFID capsule 130 of FIG. 1 is produced by the RFID
capsule printer 120. The RFID capsule 130 may be ingesiible such that a user
may swallow the RFiD capsule 130 {o receive the RFID capsule in the user's
digestive system. The RFID capsule 130 may then remain in the digesiive
system {e.g., in a stomach, in infestines, eic.) for use in identifying the user. For
example, the RFID capsule 130 may be configured such that after being

swallowed, the RFID capsule 130 remains in a stomach of a user{e.g., duetoa
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size of the RFID capsule 130) until the user swallows a particular substance o
remove the RFID capsule 130 (2.g., to breakdown the capsuie 1o enable passage
through the rest of the digestive system). In some examples, the RFID capsule
130 may be surgically inserted into a user. In examples disciosed herein, the
RFID capsule 130 stores and/or transmits information corresponding 1o a user
{2.g., @ name, an identifier, a health stalus, eic.). Accordingly, the RFID capsule
130 may provide information for identifying the user when the RFID capsule 130
is pinged and/or detected (e.g. by the RFID capsule detector 140).

[6324] The example RFID capsule delector 140 may be implemented by
any type of computing device {e.g., a tablet computer, a smartphone, a personal
digitai efc.}. The RFID capsule detector 140 may detect the RFID capsule 130
via wireless communication link 160 when the RFID capsule detector 140 is
within a designated range {e.g., 1000 feet, 1 mile, 2 miles, etc.} of the RFID
capsule 130. Such a range may depend on characteristics of the RFID capsule
130 and/or the RFID capsule detector 140, The RFID capsule detector 140 may
be used to determine a location of the RFID capsule 130 and/or a location of a
user thal received the RFID capsule 130. In some examples, the RFID capsuls
detector 140 may prasent the location of the RFID capsule 130 on a display (e.g.,
via an overhead display, via a heads-up display, etc.). An gxample
implemeniation of the RFID capsule detector 140 is disclosed below in
connection with FIG. 6.

(G025 FIG. 2 is a block diagram of an example RFID capsule builder 110
that may be used to implement the RFID capsule builder 110 of FIG. 1. The
RFID capsule bullder 110 in the illusirated example of FIG. 2 includes a builder
interface 210, a laver designer 220, a circuit designer 230, and a circuit tagger
240, The example RFID capsule builder 110 of FIG. 2 may be implemented by
any type of computing device {e.g., a personal computer, a tablet compuler, sic.).
The RFID capsule builder 110 of FIG. 2 provides circull data, layer data, and/or
print instructions {0 the RFID capsule printer 120 and/or the RFID capsule
detector 140 of FIG. 1.

[0028] The buillder interface 210 of FIG. 2 facilitates communication with

and/or access to a user for building RFID capsuie data via the RFID capsule
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builder 110. The example builder interface 210 of FIG. 2 may be implemented by
any type of input device(s) {e.g., 2 mouse, keyboard, rackball, touchscreen, sic.)
and/or output device(s) (e.g., a display monitor, speaker, sic.). In some
examples, the builder interface 120 may Tacilitate communication with other
device(s)} {&.g., the RFID detsctor 140} andfor network(s).

16027] The example layer designer 220 of FIG. 2 generates and/or
configures laver data for crealing the RFID capsule 130, In examples disclosed
hergin, the layer designer 220 may receive instructions from a user via the
builder interface 210 to create layer data for the RFD capsule 130. Such layer
data may include information corresponding to material{s) for sach layer, number
of layer{s), conienis of layer(s)}, thickness ¢of laver{s)}, heating/cooling information
for layer{s), elc. Accordingly, the laver designer 220 generates and provides
data corresponding to struclural characteristics of the RFID capsule 130 (o the
RFID capsule printer 120 for producing the RFID capsule 130.

[6028] The example circuil designer 230 of FIG. 2 generates and/or
configures circuit data for creating an RFID circuit to implement an RFID tag in
the RFID capsuie 130. The example cirouit designer 230 may be any type of
circuit design application that may be accessed by the user via the builder
interface 210 to builld circuits for an RFID tag of the RFID capsuls 130. The
example circuit designer 230 may generate circuil data from circuits built by a
user and/or the circuit designer 230. In some examples, the circuit data may
include material data corrgsponding to which materials are 1o be used to produce
particular components of the circuits. For example, the circuit designer 230 may
be a modeling tool for oreating circuit files and/or geometric struclure files {(8.g. &
stergclithography (( STL) file) from computer-aided design {(CAD) drawings.
Furthermore, the circuit designer 230 may generate commands {e.g., G-codes)
to be included in print instructions sent from the RFID capsule buiider 110 to the
RFID capsule printer 120. The example circuit data from the circult designer 230
may be combined with layer data from the layer designer 220 to creats print
instructions for the RFID capsule printer 120 to produce an RFID tag of the RFID

capsule 130.
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[6029] The example circuit tagger 240 of FIG. 2 tags RFID circuits and/or
RFID information generated by the circuit designer 230 with information
corresponding 1o a user. The circuil tagger 240 may receive and store user
characteristics and/or information {(e.q., a name, an identifier {e.g., rank,
affiliation, etfc.}, a status, etc.) via the builder interface 210. The circuit tagger
240 may store information and/or data from the circuit designer 230 that
corresponds o g generaled circull (8.9., a circuit identifier, a circuit tag, a clrouil
configuration, elc.). Accordingly, when the RFID capsule 130 is identified based
on the circuit of the RFID tag in the RFID capsule, user information
corresponding to the RFID capsule may be cross-referenced via the circuit
tagger 240. in some examples, the circuit tagger 240 may provide corresponding
tag information to other device(s) (8.g., the RFID capsule detector 140 of FIG. 1)
and/or network(s).

[6030] While an example manner of implementing the RFID capsule
builder 110 of FIG. 1 is illustrated in FIG. 2, at least one of the elements,
processes andfor devices illustrated in FIG. 2 may be combined, divided, re-
arranged, omitted, eliminated and/or implemented in any other way. Further, an
example apparatus including the buillder interface 210, the layer designer 220,
the circuit designer 230, the circuit tagger 240, and/or, more generally, the
exampie RFID capsule buillder 110 of FIG. 2 may be implemenised by hardware
and/or any combination of hardware, software and/or firmware. Thus, for
example, any of the builder interface 210, the layer designer 220, the circuit
designer 230, the circuit tagger 240, and/or, more generally, the example RFID
capsule builder may be implemented by al least one of an anaiog or digital
circuit, a logic circuit, a programmable processor, an application specific
integrated circuit (ASIC), a programmabile logic device (PLD) and/or a field
programmable logic device (FPLD). When reading any of the apparatus or
system claims of this patent {o cover a purely software and/or firmware
implementation, al least oneg of builder interface 210, the layer designer 220, the
circuit designer 230, and/or the circuit tagger 240 is/are hereby exprassly defined
to include a tangible computer readable slorage device or storage disk such as a

meamory, a digital versatile disk (DVD), a compact disk (CD), a Blu-ray disk, eic.
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storing the software and/or firmware. Further still, the example RFID capsule
builder 110 of FIG. 2 may include at least one element, process, andfor device in
addition to, or instead of, those illustrated in FIG. 2, and/or may include more
than one of any or all of the iHlusirated elements, processes and devices.

[G0311F1G. 3 is a block diagram of an example RFID capsule printer 120
that may be used o implement the RFID capsule printer 120 of FIG. 1. The
sxample RFID capsule prinfer 120 of FIG. 3 includes an RFID printer controller
310, a material supplier 320, an atomizer 330, a print head 340, and a curer 350,
An exampie capsule formation 360, which may become the RFID capsule 130 of
FiG. 1 when completely formed by the RFID capsule printer 120, represents an
example RFID capsule 130 that is formed and/or printed by the RFID capsule
printer 120. The example capsule formation 360 may be located in a printing
area or printing bay of the RFID capsule printer 120.

[6032]in the illusirated example of FIG. 3, the RFID printer controller 310
conirols the material supplier 320, the atomizer 330, the print head 340, and/or
the curer 350 to produce the RFID capsule 130, The RFID printer controller 310
may be implemented by a processor {e.q., the processor 1212) and/or a
processor plafform (e.q., the processor platform 1200). The example RFID
printer controiler 310 may receive print instructions {e.g., circuit data and/or layer
data) from the RFID capsule builder 110 of FIGS. 1 and/or 2. The print
instructions include data that is analyzed and processed by the printer controlier
310 1o control the material supplier 320, the atomizer 330, the print head 340,
and/or the curer 350 1o form the RFID capsule 130, For example, material data
in the print instructions may be sent to the material supplier 320, laver data
and/or atomizer data in the print instructions may be sant {o the atomizer 330,
faver data and/or material dala the print instructions may be sent to the print
head 340, and layer data and/or healing/cooling data in the print instructions for
curing the capsule may be sent to the curer 350, Accordingly, the RFID printer
coniroller 310 receives, parses, analyzes, and/or provides print instructions for
printing layers of the RFID capsule 130 to produce the RFID capsule 130,

[60G33] The example material supplier 320 of FIG. 3 provides malerial(s)

(e.g., ink(s), powder(s), efc.} to an atomizer 330 and/or the print head 340 based
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on instructions from the RFID printer controller 310, The material supplier 320
may include a plurality of fanks for storing material(s) for producing the RFID
capsule 130, For example, the material supplier 320 may include separate ink
tanks to store materials corresponding to components that are o be included in
an RFiD tag and/or laver(s) that are 1o be included in the RFID capsule 130
Such ink tanks may store inks such as polycarbonate ink, silver-based ink,
strontium-ferrite based ink, gold based ink, ion gel based ink, nanocarbon based
ink, etc. The material supplier 320 may supply the material{s) (e.g., via valves,
lines, or other mechanisms for transferring the material(s})) o the atomizer 330
and/or directly to the print head 340.

[0034] The example atomizer 330 of FIG. 3 converts material(s) (e.g.,
ink(s)) from the material supplier 320 {0 nanoparticles. The atomizer 330 may
heat and/or alomize the material{s) from the material supplier 320 into material
nanoparticles {e.g., ink droplets having a diameter of 1-10 microns) based on
instructions from the RFID printer controller 310, The atomizer 330 may use
aerosol jet{s) to mix the material parilicles with a carier gas stream {e.g., dry
nitrogen or other vapor). The example atomizer 330 may provide the particle
mixture {i.e., the material particles mixed with the carrier gas siream) to the print
head 340 for extrusion. Accordingly, the example atomizer 330 may convert
material{s) info nanoparticle ink{s) for extrusion by the print head 340.

[6035] The example print head 340 of FIG. 3 applies (i.e., extrudes) the
material{s) and/or the particle mixiure {e.g., nanoparticle ink(s)) to the capsule
formation 380 and/or applies the material{s) and/or particle mbdure to begin
creating the capsule formation 380, The print head 340 may exirude the
material{s) and/or particle mixture at a relatively high velodity 1o create gach layer
of the RFID capsule 130 by bonding the material{s} and/or particle mixture
directly to ancther layer of the RFID capsule 130. In some examples, 1o begin
forming the RFID capsule 130, the print head 340 may form a subsirate layer for
the RFID capsule 130 from polycarbonate material(s) and/or a polycarbonats
particle mixture (8.g., 2 polycarbonate ink}). In some exampies, the curer 350 of
FiG. 3 cure {e.g., by heating or cooling) the capsule formation 380 to finalize

and/or form the RFID capsule 130. In examples disclosed herein, the curer 350

-10 -



WO 2015/199711 PCT/US2014/044516

may cure the capsuls formation 360 before, during, and/or after the print head
forms each layer of the RFID capsule 130.

[6G38] While an example manner of implementing the RFID capsule
printer 120 of FIG. 1 is iilustrated in FIG. 3, at least one of the elemants,
processes andfor devices illustrated in FIG. 3 may be combined, divided, re-
arranged, omitled, sliminated and/or implemented in any other way. The
example RFID printer controller 310 of the RFID capsule printer 120 and/or
processors corrasponding 10 each of the material supplier 320, the atomizer 330,
the print head 340, and/or the curer 350 may be implemented by al least one of
an analog or digital circult, a logic circult, a programmable processor, an
application specific integrated circuit (ASIC), a programmable logic device (PLD)
and/or a field programmable logic device (FPLD). Furthermore, the example
RFID capsule printer 120 of FIG. 3 may include at least one element, process,
and/or device in addition fo, or instead of, those iliustrated in FIG. 3, and/or may
include more than one of any or all of the illustrated elements, processes and
devices.

[6G37] Accordingly, the RFID capsule printer 120 may produce the
example RFID capsule 130 of FIG. 1. FIGS. 4A and/or 48 illustrate a cross
section of example RFID capsule(s) 130 that may have been
manufactured/produced by the RFID capsule printer 120 and may be used to
implement the RFID capsule 130 of FIG. 1 to show layers of the RFID capsuie
130. The example RFID capsule(s) 130 of FIGS. 4A and 4B include a substrate
laver 410 as a base layer, an RFID layer 420 to include an RFiD tag, and a
protective layer 430 o preserve the RFID tag. The example RFID capsule of
FIG. 4A also includes an ouler layer 440.

[6038] The example substrate laver 410 of FIGS. 44 and/or 4B is an inner
supporting substrale for the RFID capsule 130. The subsirate laver 410 may be
formed from a polycarbonate ink. For example, a print head 340 of the RFID
capsuie printer 120 may extrude polycarbonate ink heated at a high temperaiure
{e.g., above 300° Celsius) to form the substrate lfayer 410 and cure the substrate
faver 410 by cooling. In such an example, the subsirate layer 410 is a relatively

strong and stable innermost layer of the RFID capsule 130. The substrate layer
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410 serves as a base layer upon which the RFID layer 420 can be
printed/applied. Accordingly, the RFID layer 420 is in contact with the substrate
layer 410. The example RFID layer 420 at least partially covers the subsirate
fayer 410,

[6039] The example RFID layer 420 inciudes an example RFID tag to
identify the RFID capsule 130. An example RFID {ag, as used herein, is an
electronic circuit including at least one of a resistor, an inductor, and a capacitor
{ses FIG. 5) for wireless communication. The example RFID tag of the RFID
layer 420 wirclessly communicates data (e.g., identification information such as a
name, an identifier, a status, elc.) to an RFID receiver and/or an RFID detector
{e.g. the RFID capsule detector 140 of FIG. 1). Accordingly, the RFID layer 420
includes slectronic componenis for communication via RFID. An example RFID
tag in the RFID layer 420 is formed from nanoparticle ink. For exampie,
nanoparticle ink palterns may be used {o form elecironic components of the RFID
tag in the RFID layer 420. The example RFID layer 420 may be applied between
the substrate layer 410 and the protective laver 430 such that the substrate layer
410 and the protective layer 430 are nol in contacl. In some examples, the RFID
fayer 420 may include substrate material (e.g., Tormed from polycarbonate ink)
between components of the RFID {ag.

16048] The protective fayer 430 of FIGS. 4A and/or 4B surrounds the RFID
laver 420 io prevent the RFID layer 420 from being destroyed {e.g., by being
broken down by stomach acid or other chemicais). In some examples, the
protective layer 430 is formed from polycarbonate ink {similarly to the substrate
fayer 410}, though other material(s) may be used. The proteciive layer 430 may
completely surround and/or coat the RFID layer 420 and/or the substrate layer
410 to prevent the RFID layer 420 from contacting any other materials or
substances (e.qg., air, liquids, stomach acid, elc.) other than the substrale laver
410 or the protective layer 430. The protective layer 430 may be formed from a
material that causes the RFID capsule 130 to remain in the digestive system of a
user that ingested the RFID capsule 130 for a period of ime.  In some examples,
a length of the period of ime may be based on a thickness of the protective layer

430, For example, the thicker the proteciive laver 430 of the RFID capsule 130,
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the longer it may take the user’'s digestive system to breakdown and/or pass the
RFID capsule 130 through the user's digestive system. In some examples, the
RFID capsuie 130 may be monitored such that a user that ingested the RFID
capsule 130 may be alerted when the RFID capsuie 130 has passed through the
user's digestive system (e.g., unintentionally or unknowingly). For examplg, the
user may carry an RFID capsule detector 140, and when a threshold distance
{e.q., 1 meter, 3 melers, el¢.) is measured between the RFID capsule 130 and
the RFID capsule detector 140, an alert may be sent {o the user via the RFID
capsule detector 140, In such examples, the alert may indicate that the RFID
capsule 130 ingested by the user has been expelied from the user.

[6041]In some examples, the prolective layer 430 of FIGS. 4A and/or 4B
may be formed from a material that will dissolve andfor breakdown when in
contact with a particular type of substance or material. For example, if the RFiD
capsule 130 has been ingested and is located within a user’s slomach, the user
may ingest a substance that would break down and/or dissolve the protective
laver 430, the RFID layer 420, and/or the subslrate layer 410 {0 remove the RFID
capsule 130 from the user. Accordingly, in such an exampie, the RFID capsule
130 may pass through the remainder of the digestive system of a user that
ingested the RFID capsule 130,

16042] The example RFID capsule 130 of FIG. 4A includes an outer layer
440. The example outer layer 440 may be comprised of malerials that facilitate
ingestion for a user. For example, the outer layer 440 may be a smooth coaling
for ease of swallowing and/or a flavored coating for a more desirable taste. In
some exampies, the outer laver 440 may be a dissolvable layer that dissolves
after being ingested by a user (g.g. due to contact with stomach acid, bilg, etc.).
Accordingly, the RFID capsule 130 of FIG. 4A may represent an RFID capsule
130 before being ingested by a user, and the RFID capsule 130 of FIG. 4B may
represent the RFID capsule 130 after being ingested by the user. In some
examples, the outer layer 440 may protect the RFID capsule 130 for surgical
insertion. For example, the outer layer 440 may be formed from a glass-like ink,
ink{s) that form a glass-like material, or other malerial o protect the RFID

capsule 130 from dissolving in a user’s body after surgical insertion,
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[6043]FIG. 5 is a schamatic diagram of an example RFID circuit 500 {o
implement an RFID tag that may be included in the RFID layer 420 of the RFID
capsule 130 of FIGS. 1, 4A, and/or 4B, The example RFID circuit 500 includes
two resistors R1, R2, three capacitors C1, C2, C3 and an inductor L1 connected
in paraliel with one another. The value(s) and/or configuration of the components
R1, R2, C1, C2, C3, L1 may be adjusted fo transmif and/or reflect identification
information. The example RFID capsule printer 120 may adjust the valuel(s) of
the components R1, R2, C1, C2, C3, L1 based on an amouni of material and/or
particle mixture used to create each of the corresponding components in the
RFID laver 420 of the RFID capsule 130. For example, if R1 is formed from
nanccarbon ink, an amount of nanccarbon ink used to form R1 affects the
resistance of R1.

16044] FIG. B denctes example malerial{s) used to form the components
of the example RFID circuit 500 to create an RFID tag in the RFID layer 420, In
the Hllustraied example of FIG. 5, the resistors R1, R2 arg formed from
nanocarbon ink, the capacitors C1, C2, C3 are formed from ion gel ink dislectrics
and gold nanocrysial ink electrodes, the inductor L1 is formed from a strontium
ferrite ink, and connectors between the components R1, R2, C1, C2, C3, and L1
are formed from a silver nanoparticle ink. Example RFID circuits other than the
RFID circuit 500 of FIG. § may be implementad in the RFID layer 420 of the
RFID capsule 130. The sexample RFID capsule builder 110 may generate circuit
data and/or layer data representative of the RFID circuit 500 of FIG. 5 for printing
an RFID capsule 130 to include an RFID tag corresponding to the RFID circuit
500.

(60451 FIG. 8 is a block diagram of an example RFID capsule detector 140
that may be used o implement the RFID capsule defector 140 of FIG. 1. The
example RFID capsule detector 140 includes a detecior interface 6810, a capsule
focator 820, and a location analyzer 630. The RFID capsule delector 140 may
be used to detect the RFID capsule 130 of FIGS. 1, 4A, andfor 4B by delecting
signais from an RFID tag of the RFID capsule 130. The RFID detector 140 may
focale the RFID capsule 130 and/or present a location of the RFID capsule 130

to a user of the RFID capsule detector 140.
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[68346] The example detector interface 610 of FIG. 6 facilitates
communication with and/or access 10 a user (o detact the RFID capsule 130 via
the RFID capsule detector 140, The example detector inferface 610 of FIG. 2
may be implamented by any type of input device(s) (s.g., a mouse, kKeyboard,
trackball, touchscreen, elc.) and/or oulput device(s) (e.q., a display moniior,
touchscreen, speaker, 2i¢.). In some exampies, the deleclor interface 610 may
facilitale communication with other device(s) {e.g., the RFID capsule builder 110}
and/or network{s). The exampie detector interface 610 may display location
information of the RFID capsule 130 based on information received form the
capsule locator 620 and/or the location analyzer 630.

[6047] The example capsule locator 620 may be a receiver and/or
transceiver capable of detecting signals from the RFID capsuie 130. For
example, the capsule locator 620 may fransmit RFID signals that are received
and retransmitted by the RFID capsule 130 {e.g., reflected) with identification
information corresponding 1o the RFID capsule 130, In other words, the capsule
locator 620 may monitor for the RFID capsule 130 {and/or other RFID capsules
or RFID tags) up 1o a designated range (2.g., 2000 feel, 2 miles, etc.). When the
RFID capsule 130 is within range of the capsule locator 620, the example
capsule locator 620 may detect the RFID capsule 130 and send a notification
and/or corresponding information {(e.g., a name, an identifier, a siatus, ete.) from
the RFID capsuie 130 o the detector interface 810, Accordingly, the capsule
locator 620 may receive identification information corresponding to the RFID
capsule 130 for display via the detector interface 610 o indicate to a user of the
RFID capsule delector 140 that the RFID capsule 130 and/or another user that
received the RFID capsule 130 is within range and/or at a designated location.

[6048] In some examples, the capsule locator 620 of FIG. 6 may
directionally monitor for the RFID capsule 130 and/or determine a direction
relative o the RFID capsule deteclor 140 from which a signal corresponding to
the RFID capsule 130 was received. For example, the capsule locator 820 may
scan for RFID capsules 620 in a designated direction relative to the RFID
capsule detector 140 (e.g., within a range of 80° {(e.g., between 80° and 100}

from the RFID capsule detecior 140, within a range of 0° {e.g., between 355° and
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5%, etc.). When the RFID capsule detector 140 detecis the RFID capsule 130
within a designated range, the RFID capsule detector 140 may indicate the
designated direction {0 the deteclor interface 810 and/or the location analyzer
630,

[6043]In some examples, the capsule locator 620 of FIG. 6 may measure
signal strengths of signals received from the detecled RFID capsule 130, In such
examples, the capsule locator 820 may forward the measured signal strengths to
location analyzer 630 and/or the delector interface 810, The location analyzer
630 may use the signal strengths {o determine a distance of the RFID capsule
130 from the RFID capsule detecior 140, For example, stronger signal strengths
may indicate the RFID capsule 130 is relatively near the RFID capsule detecior
140 while weaker signal strengths may indicate that the RFID capsule 130 is
refatively far from the RFID capsule detecior 140.

[6050] The example location analyzer 830 of FIG. 6 caleulates and/or
determines a location of the delected RFID capsule 130, In some examples, the
location analyzer 630 provides the determined location information to the
detector interface 610. In some examples, the location analyzer 830 may use
the above direction measuraments and/or signal strength measurements 1o
determine the location of the RFID capsule 136, For example, if the RFID
capsule 130 is detected al 45° with a signal strength indicating the RFID capsule
130 is 100 ft. away, the location analyzer 630 may caloulate that particular
location (g.g., using polar coordinates and/or rectangular coordinates) relative to
the RFID capsule detector 140, The example location analyzer 830 may send
coordinates corresponding to the determined location o the delector interface
6510 to display 10 a user of the RFID capsule detecior 140,

[6051]in some examples, the location analyzer 630 may determing a
focation of the RFID capsule 130 using information from other devices, such as
the RFID capsule builder 110 and/or a global positioning system (GPS) device.
For example, when the capsule locator 620 receives identification information
from the RFID capsule 130, the RFID capsule detaclor 14C {(e.g., via the detector
interface 610) may send the identification information to the RFID capsule builder

110 and/or some other device that includes a database that cross-references the
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identification information to characteristics of the user. Such characieristics may
include location information such as a GFS location data (andfor GRS device
information) that may provide a current geographic location of the user. Such
geographic information may then be relrieved by the RFID capsule detgctor 140
to be analyzed by the location analyzer 830, The example location analyzer 630
may analyze the geographic location information relative o the geographic
focation of the RFID capsule detecior 140 (e.g., based on GPS data and/or some
other geolocation system data) to determine a location of the RFID capsuie
relative to the RFID capsule delector 140, Accordingly, the RFIHD capsule
detector 140 and/or the location analyzer 830 may use information from other
devices and/or other systems to delermine and/or verify the location of the RFID
capsule 130,

16052] in some examples, the RFID capsule detector 140 may retrieve
user characteristic data corresponding to identification information received by
the capsule locator 620 from the RFID capsule 130, For exampleg, the RFID
capsule detector 140 may communicate with a health monitoring system {e.g.,
heari rate information is ransmitted from a heart monitor worn by a user that
received the RFID capsule 130) via the delector interface 610, Such a health
monitoring system may include a database of identification information cross
referenced with current health staluses of corresponding users that received the
example RFID capsule(s) 130. Accordingly, when identification information is
received from the RFID capsule 130, the RFID capsule detector 140 may relrieve
and/or display health information corresponding to a user that received the RFID
capsule 130 via the detector interface 610, In such an example, a user of the
RFID capsuie detector 140 may determine that a user that received the RFID
capsule 130 is or is not healthy,

16053] While an example manner of implementing the RFID capsule
detecior 140 of FIG. 1 is illusirated in FIG. 6, at least one of the elements,
processes andfor devices illusirated in FIG. 8 may be combined, divided, re-
arranged, omitted, eliminated and/or implemented in any other way. Further, an
example apparatus including the detector interface 610, the capsule localor 620,

the location analyzer 630 and/or, more generally, the example RFID capsule
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detecior 140 of FIG. 6 may be implemented by hardware, software, firmware
and/or any combination of hardware, software and/or firmware. Thus, for
example, any of the detecior interface 810, the capsule locator 620, the location
analyzer 630 and/or, more generally, the example RFID capsule detector 140
could be implemented by at least one of an analog or digital ¢ircuit, a logic circult,
a programmable processor, an application spedific integrated circuit {(ASIC), a
programmable logic device (PLD) and/or a field programmable logic device
(FPLD). When reading any of the apparatus or sysiem claims of this patent to
cover a purely software and/or firmware implementation, at least one ¢of the
detector interface 610, the capsule locator 620, and/or the location analyzer 630
is/are hereby expressly defined o include a tangible computer readable storage
device or storage disk such as a memory, a digital versatile disk (DVD), a
compact disk {CL), a Biu-ray disk, elc. storing the software and/or

firmware. Further still, the example RFID capsule detecior 140 of FIG. 6 may
include at least one slement, process, and/or device in addition o, or instead of,
those illustraied in FIG. 6, and/or may include more than one of any or all of the
fHlustrated slements, processes and devices.

[0084] FIG. 7 illusirates an example environment of use 700 in which the
RFID system 100 of FIG. 1 may be implemented in accordance with an aspect of
this disclosure. In FIG. 7, a user 710 received an RFID capsule 130 and is
focated near a tree 720, In the illustraled example of FIG. 7, the user 720 is
located approximataly 100 meters from an example RFID capsule detector 140,
which may be implemented by the RFID capsule detector 140 of FIGS. 1 andior
8. In FIG. 7, the user 710 is located within range of the RFID capsule detector
140. Accordingly, the RFID capsuie detecior 140 may delect the RFID capsule
130 and/for determine a iocation of the user 710 in accordance with the teachings
of this disclosure.

[00585] The example environment of use 700 of FIG. 7 will now be referred
to with reference 1o FIGS. 8A and/or 8B o illustrate example display system(s)
implemented by a detector interface 810 of the RFID capsule 140 of FIG. 7. In
the Hiustrated example of FIG. 8A, an exampie overhead display 810 of the RFID
capsule detector 140 of FIG. 7 is illustrated. The overhead display 810 may be
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any type of display device {e.g., a liquid crystal display (LCD), a light emiiting
diode {(LED) display, elc.). The example overhead display 810 designales a
focation 820 of the RFID capsule dsteclor 140 in a center of axes of the
overhead display 810, As mentioned above, in FIG. 7, the RFID capsule
detecior 140 determined a location of the user 710, As illustrated in FIG. 8A, the
overhead display 810 illustrates the location of the user 710 relative {o the
location of the RFID capsule detector 140, ideniification information of the user
710 (e.q., the reference number 7107} and distance information of the user 710.
[6G356] In the illustrated example of FIG. 88, an example heads up display
850 of the RFID capsule detector 140 of FIG. 7 is Hllustrated. The example heads
up display 850 may be implemented by any type of heads up display devices
(e.g., infrared goggles, Google Glass™, etc.). For example, the heads up display
850 may be implemented via a soldiers night vision goggles and/or an infrared
scope on a gun of the soldier. Accordingly, when the RFID capsule detector 140
detects the RFID capsule 130 in the user 710 of FIG. 7, identification information
860 may be displaved (&.q., as a pop-up) with the image of the user 716, As
fiustrated in FIG. 8B, the heads up display 850 shows the user 710 standing
near the iree 720 of FIG. 7. When the user 710 appears on the heads up display
850 and the RFID capsule 130 received by the user 710 is detected by the RFID
capsule detector 140 in accordance with the teachings of this disclosure, the
identification information 860 may be processed and/or caloulated to be included
next to and/or near the user 710 on the heads-up display 850. In other words,
the identification information 860 may pop-up when a user comes info view on
the heads up display 850, In some examples, identification of an object (e.g., the
user 710} on a heads up display may cause the RFID capsule detector 140 1o
scan and/or monitor a corresponding area (e.q., the area near or around the tree
720) of the heads up display 850 to determine whether the object is a known
object {e.g., & user that received an RFID capsuie) or is an unknown or
unrecognized object. Accordingly, real-time or substantially real-time images of
users on a heads up display may be adapted by the RFID capsule detector 140

to include identification information as disclosed herein. Object detection and/or
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image analysis may be implemented by the RFID capsule detecior 140 using any
suitable technigues.

[6057] Flowcharis representative of example machine readable
instructions for implementing the RFID capsule builder 110 of FIG. 2, the RFID
capsule printer 120 of FIG. 3 and the RFID capsule detsctor 140 of FIG. 6 are
shown in FIGS. 9, 10, and 11, respectively. in these example, the machine
readable instructions may comprise a program/process for execution by a
processor such as the processor 1212 shown in the example processor platform
1200 discussed below in connection with FIG. 12 and/or the RFID capsule printer
120. The program/process may be emboedied in software stored on a langible
computer readable storage medium such as a CD-ROM, a floppy disk, a hard
drive, a digital versatile disk (BVD}, a Blu-ray disk, or a memory associated with
the processor 1212, but the entire program/process and/or parts thereof could
alternatively be executed by a device other than the processor 1212 and/or
embodied in firmware or dedicated hardware. Further, although the example
programs/processes are described with reference 1o the flowcharts illusirated in
FIGS. 9, 10, and 11, many cther methods of implementing the example RFID
capsule builder 110, the example RFID capsule printer 120, andfor the RFID
capsule detector 140, respectively, may alternatively be used. For example, the
order of exacution of the blocks may be changed, and/or some of the biocks
describad may be changed, eliminated, or combined.

(GOS8 FIG. 9 iHustrates an example process 800 that begins with an
initiation of the RFID capsule builder 110 of FIGE. 1 andfor 2 {e.g., due {0 startup
of the RFID capsule buiider 110, due to installation of the RFID system 100, etc.).
Al block 810, the RFID capsule builder 110 determines whether to build an RFID
capsule 130. For example, at block 810, the RFID capsule builder 110 may
monitor for instructions from a user via the builder interface 210, In some
examples, the RFID capsule builder 110 may be automatically configured to build
RFID capsuies {&.g., in response to user instructions or other setlings). If the
RFID capsule builder 110 is not to build an RFID capsule 130 at block 914, the
RFID capsule buillder 110 continues to monitor whether to build an RFID capsule
130 {control retums 1o biock 810). When the RFID capsule builder 110
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determings that the RFID gapsule 130 is to be built al block 810, the circuit
designer 230 generates RFID circuit data and the layer designer 220 generates
laver data for the RFID capsule 130 (block 820}, For example, at block 820, the
RFID circuit may be generated from instructions from a user and/or data files
corrgsponding o an RFID circuit to implement an RFID {ag of the RFID capsule
130.

[B088] Al block B30 of FIG. 9, the RFID capsule builder 110 sends RFID
circuit data andior layer data to the RFID capsule printer 120, Accordingly, the
RFEID capsule printer 120 may then produce the RFID capsule 130 using the
RFID circuit data andfor the layer data. Al block 940 of FIG. 9, the RFID capsule
builder 110 sends RFID circuit tag data o the RFID capsule delector 140. The
example circuit tag data may indicate that a particular user corresponds to the
RFID capsule 130. Accordingly, the RFID capsule detecior 140 may display user
information (e.g., name, tifle, identifier, rank, elc.) corresponding to an RFID
capsuile 130 received by the user 1o a user of the RFID capsule detector 140.

[GO80]FIG. 10 HHlustrates an example process 1060 that begins with an
initiation of the RFID capsule printer 120 of FIGS. 1 and/or 3 {e.4. upon receipt of
print instructions form the RFID capsule builder 110, upon startup of the RFID
capsule printer 120, sic.). At biock 1010, the example RFID capsule printer 120
prints a substraie layer 410 of the RFID capsule 130, Al block 1020, the RFID
capsule printer 120 prints an RFID layer 420 on the subsirale layer including an
REID tag. The example RFID tag may be formed from a plurality of different
types of nanoparticle inks o make up corresponding components {(g.q., resistors,
capacilors, inductors, connectors, etc.) of g circuit of the RFID tag. At block
1030, the RFID capsule printer 120 prints a protective layer 430 over the RFID
faver and/or the substrate layer. After block 430, the process 1000 of FIG. 10
ends. in some examples, after block 430, the RFID capsule printer 120 may print
an outer layer 440 over the profective layer 430 thal may dissolve after the RFID
capsule 130 is received by a user and/or protect the RFID capsule 130 for
surgical insertion.

[GG81IFIG. 11 lllusirates an example process 1100 thai begins with an

initiation of the RFID capsule detector 140 of FIGS. 1 and/or 8 {e.g. upon
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instructions from a user of the RFID capsule detector 140, upon startup of the
RFID capsuie detector 140, efc.). Atblock 1110, the RFID capsule detector 140
monitors for the RFID capsule 130 (and/or any other RFID capsules or RFID
tags). For example, at block 1110, the RFID capsule delector 140 may
directionally scan (e.q., my rotating a directional RFID receiver) to detect the
RFID capsuie 130. In another example, the RFID capsule detector 140, at block
1110, may continuously monitor all directions surrounding the RFID capsule
detector 140 1o delect the RFID capsule 130

(6382 At block 1120, the capsule locator 820 determines whether the
RFID capsule 130 (or any other RFID capsule or RFID tag) was deiected. ino
RFID tag of an RFID capsule 130 was detected, the capsuie locator 620
continuss to monifor for the RFID capsule 1110 {control retums to block 1120).
if, at block 1120, the capsule locator 620 detects the RFID capsule 130 {or any
other RFID capsule or RFID tag), the location analyzer 630, at block 1130,
determines a location of the RFID capsule 130 {or the cther detected RFID
capsule or tag). After block 1130 in FIG. 11, the process 1100 ends. In some
examples, after block 1130, the RFID capsule detector 140 presents the location
of the RFID capsule 130 on a display. Additionally or alternatively, the RFID
capsule detector 140 may process the location information and/or identification
information from the RFID capsule 130 for display 10 a user in accordance with
the teachings of this disclosure.

[60363] As mentioned above, the exampile processes of FIGS. 8, 10, and/for
11 may be implemented using coded instructions (g.g., computer and/or machine
readable instructions) stored on a tangible computer readable storage medium
such as a hard disk drive, a flash memory, a read-only memory (ROM), a
compact disk (CD), a digital versatile disk (BVE), a cache, a random-access
memory (RAM} and/or any other storage device or storage disk in which
information is stored for any duration {&.q., for extended time pericds,
permanently, for brigf instances, for temporarily buffering, and/or for caching of
the information). As used herein, the term tangible computer readabls storage
medium is expressly defined o include any type of computer readable storage

device and/or storage disk and {o exclude propagating signals and o exclude
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fransmission media. As used herein, "langible compuler readable storage
medium” and "tangible machine readable storage medium® are used
interchangeably. Additionally or alternatively, the example processes of FIGS. 9,
10, and/or 11 may be implemented using coded insiructions (e.g., computer
and/or machine readabie instructions) stored on a non-transitory computer and/or
machine readable medium such as a hard disk drive, a flash memory, a read-
only memory, a compact disk, a digital versatile disk, a cache, a random-access
memory and/or any other storage device or storage disk in which information is
stored for any duration {e.q., for extended time periods, permanently, for brief
instances, for temporarily buffering, and/or for caching of the information). As
used herein, the term non-transitory computer readable medium is expressly
defined to include any type of computer readable storage device and/or storage
disk and 1o exclude propagating signals and o exclude transmission media. As
used herein, when the phrase "al least” Is used as the transition termin a
preamble of a claim, it is open-ended in the same manner as the term
"comprising” is open ended.

(60841 FIG. 12 is a block diagram of an example processor platform 1200
capable of execuling the instructions of FIGS. 8, 10, and 11 o implement the
RFID capsule buillder 110 of FIG. 2, the RFID capsule printer 120 of FIG. 3,
andior the RFID capsule delector 140 of FIG. 8. The processor platform 1200
may be or may be included in any type of apparatus, such as a server, a
perscnal computer, a mobile device {e.g., a cell phone, a smart phone, a tabist
such as an iPad™), a personal digital assistant (PDA), an Internet appliance, or
any other type of computing device or apparaius.

[0085] The processor platform 1200 of the illustrated example of FIG. 12
includes a processor 1212, The processor 1212 of the illustrated examiple is
hardware. For example, the processor 1212 can be implemented by al least one
integrated circuit, logic circuilt, microprocessor or controller from any desired
family or manufaciurer,

[B886] The processor 1212 of the llustrated example includes a local
memory 1213 {8.q., a cache). The processor 1212 of the lllustrated example is in

communication with a main memory including a volatile memory 1214 and a non-
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volatile memory 1216 via a bus 1218, The volatile memory 1214 may be
implemented by Synchronous Dynamic Random Access Memory (SDRAM),
Dynamic Random Access Memory (DRAM), RAMBUS Dynamic Random Access
Memory (RDRAM) and/or any other type of random access memory device. The
non-volatile memory 1216 may be implemented by flash memory and/or any
other desirad type of memory device. Access to the main memory 1214, 1216 is
controlied by a memory controller.

[B6867] The processor platform 1200 of the illustrated example also
includes an interface dircull 1220, The interface circuit 1220 may be
implemented by any type of interface standard, such as an Ethemnel interface, a
universal serial bus (USB), and/or a PCI express interface.

[0068] In the illustrated example, at least one input device 1222 1s
connected {o the interface clrcuit 1220, The input device(s) 1222 permil{s} a
user o enter dala and commands into the processor 1212, The input device(s)
can be implemented by, Tor example, an audio sensor, a microphone, a camera
{still or video), a kevboard, a butlon, a mouss, a touchscreen, a frack-pad, a
trackball, isopoint and/or a voice recognition system.

(0068 At least one oulput device 1224 is also connected io the interface
circuit 1220 of the illustrated example. The cutput device(s) 1224 can be
implemenied, for example, by display devices {e.g., a light emitling diode (LED),
an organic light emitling diode (OLED)}, a liguid orysial display, a cathode ray
tube display {CRT), a touchscreen, a tactile output device, a light emitling diode
(LED), andior speakers). The interface circuit 1220 of the llustrated example,
thus, typically includes a graphics driver card, a graphics driver chip or a graphics
driver processor.

[0078] The interface circuit 1226 of the illusirated example also includes a
communication device such as a transmitter, a receiver, a transceiver, a modem
and/or network interface card o facilitale exchange of data with external
machines {(e.g., computing devices of any kind) via a network 1226 {(e.g., an
Ethernet connection, a digital subscriber line (DSL), a telephone line, coaxial

cabie, a cellular telephone system, elc.).
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(6837 1] The processor platform 1200 of the illustrated example also
includes at least one mass storage device 1228 for storing software and/or data.
Examples of such mass siorage device(s) 1228 include floppy disk drives, hard
drive disks, compact disk drives, Blu-ray disk drives, RAID systems, and digital
versatile disk (DVD) drives

16072] The coded instructions 1232 of FIGS. 4, 10, and/or 11 may be
stored in the mass slorage device 1228, in the local memory 1213 in the volatile
memory 1214, in the non-volatile memory 1216, and/or on a removable tangible
computer readable siorage medium such as a CD or DVD.

[6G73] From the Toregoing, it will be apprecialed that the above disclosed
methods, apparatus and articles of manufacture provide an RFID capsule for
identification of user that received the RFID capsule. Examples disclosed herein
involve producing the RFID capsule from layers created by a three-dimensional
printer such that the RFID capsule may be received by a user. Furthermore,
examples disciosed herein allow for identification of the user and/or RFID
capsule and presentation of a location of the user and/or the RFID capsule so
that another user may know the location of the user that received the RFID
capsule. Furthermore, examples herein involve presenting information
corresponding fo the user based on detecting the RFID capsule.

1607 4] Although certain example methods, apparatus and articles of
manufacture have been disclosed herein, the scope of coverage of this palentis
not limited thereto. On the contrary, this patent covers all methods, apparaius
and articles of manutaciure fairly falling within the scope of the claims of this

patent.
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CLAIMS
What Is Claimed is:
1. A capsule comprising:
a substrale layer;
a radio frequency identification layer on the substrate layer, the radio
frequency identification layer comprising a radio frequency identification tag
formed from nanoparticle ink; and

a protective layer surrounding the radic frequency identification layer.

2. The capsule of claim 1, further comprising:
a dissolvable layer surrounding the protective layer, the dissolvable layer

to dissolve after being ingested by a user.

3. The capsule of claim 1, wherein the nanoparticle ink comprises a plurality
of ink patterns 1o form corresponding componenis of the radio frequency

identification {ag.

4. The capsule of claim 3, wherein the plurality of ink pattems form at least

one of a resistor, an inductor, a capacitor, or an anfenna.

5. The capsule of claim 1, wherein the radio frequency identification fag
comprises a resistor, the resistor comprising at least a portion of the nanopariicle
ink.

5. The capsule of claim 1, wherein the radio frequency identification tag
comprises an inductor, the nanoparticle ink comprising a strontium ferrits ink

pattemn to form the inducior.
7. The capsule of claim 1, wherein the radio frequency identification fag

comprises a capacitor, nanoparticle ink comprising a gold nanoccrystal to form

electrodes of the capaciior and an ion gel ink to form a dislectric of the capacitor.

- 28 -
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8. The capsule of claim 1, wherein the radio frequency identification tag
comprises silver nanoparticle conneclors applied by a print head of a three-

dimensional prinier.

9. The capsule of claim 1, wherein at least one of the substrate layer and the
proteciive laver comprises a polycarbonate ink applied by a print head of a three-

dimensional printer.

10, A method o form a capsule, the method comprising:

printing a substrate layer of the capsule;

printing a radio frequency identification fag from nanoparticle ink in a radio
frequency identification layver of the capsule, the radio frequency identification
laver printed on the substrate layer; and

printing a protective layer of the capsule over the radio frequency

identification layer and the subsirate layer.

11, The method of claim 10, further comprising:
printing a dissolvable layer over the protective layer, the dissolvable laver

configured to dissolve after the capsule is ingested by a user.

12, The method of claim 10, further comprising:
receiving characteristics of the radio frequency identification tag, wherein
printing the radio frequency identification {ag comprises printing components of

the radio frequency identification tag from patlerns of the nanopariicls ink.

13.  The method of claim 12, wherein the patterns of the nanoparticle ink
include at least one of a siiver nanoparticle ink, a strontium ferrite ink, a gold

nanocrysial ink, an ion gel ink, and a nanocarbon ink,
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4. A method for detecting a radio frequency identification capsule
comprising:

monitoring for a radio frequency identification tag of the radio frequency
identification capsule, the radio freguency identification tag formed from
nanoparticle ink;

detecting the radio frequency identification {ag; and

determining a location of a user that received the radio frequency

identification capsule.

15, The method of claim 14, further comprising presenting the location of the

user on a display.

16.  The method of claim 15, further comprising:
presenting an image of the user on the display; and

prasenting information corresponding to the location on the display.

17. The method of claim 16, wherein the image is a real-time image of the
user and the information is displayed in response o the realime image of the

user appearing on the presentation device.

18.  The method of claim 14, further comprising:
receiving characteristics of the user; and
presenting the location and the characteristics of the user in response {o

detecting the radio frequency identification on a display.

19.  The method of claim 14, wherein the user received the radio frequency

identification capsule by ingestling the radio frequency identification capsule.
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