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FIG. 4

(57) Abstract: A method and apparatus for a co-located Radio Frequency Identitication (RFID) device and ultrasonic device in -
cludes an RFID reader loop antenna element oriented parallel to a reflector panel. An ultrasonic emitter is disposed through an aper-
ture in the reflector panel with a horn that extends through the loop element. The horn can serve as a mounting structure for the an-
tenna element. A diameter of the aperture is less than one-quarter wavelength of an operating frequency of the RFID reader loop an -
tenna element. The aperture is located in the reflector panel near a minimum E-field area of the RFID reader loop antenna element.
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CO-LOCATED LOUATIONING TECHNOLOGIES

BACKGROUND
{6801} The use of locationing technology s expandmg m local area environments,
such as a retail environment, a factory environment, a warehouse environment, oc. In
addition, there are a variety of different locationing technologies available {e.g. Radio
Frequency Identification {RFID), ulirasonic signals, RF signals, video, etc)) that can
be used for different purposes. These different purposes can result in the need for
meorporating combinations of these different locationing technologies within the
same enviromment. However, some of these locationing technologies can be bulky,
and providing independent instaliation of each locationing technology could end up
duphcating other svstenss, such as sopplving separate network commmication

infrastructure for each locatiomng technology.

{80021 As a result, I3 & conunercial environmeni there may be several differemt
focativming technologies being used, each wsing their own network communication
nfrastructure. For example, in a Radio Frequency Wdentification (RFID) application,
fixed RFID readers may be mounted overhead {eg. ceiling mounted} in several
posttions and orientations throughout the environment, n order to read and locate any
RFID tag within the enviropment. Also, in an eltrasonic locationing system, fixed
ultrasonic enutters may be mounted overhesd {ep. ceiling mounted) in several
positions throughout the enviromment, m order (o locate and track any mobile devics
within the environment. These overhead configurations offer several advantages such
as fewer physical signal obstructions, ease of access to wiring I a ceiling, tamper
resistance, salety, and the bike. Each of these applications can require multiple
antennas‘enifters and circuifry housings disposed throughowt the enviromment.
Therefore, # can be desirable to combine the network infrastructure for dilferemt
focationing systems nfo 8 common housing or into other available housings such as

video cameras, ete. However, such combinations have disadvantages,

|9603] For example, combining different locationing systems into a conunon housing

will increase the size of the bousing, making instalation more difficult and appeanng
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more obtrustve,  In particular, in order 1o get Tull 360 degree coverage, an RFID
focationing device can use eight RFID antennas distributed outwardly every 45
degrees around a circle.  Whereas an ultrasonic locationing system can use four
pHrasonic emitters, positioned and ortented every 90 deprees around a circle, Berause
an oversized combined product is obviously endesirable, & compact mechanical
package combining these two technologies 15 desirable, and any opporbamty o

combine the two in a shared space would be of benefit,

{80041 Accordingly, there i3 a need for a technique to physically combine different

focationing technologies that overcome the aforementioned limitations.

Bripr DESCRIPTION OF THE FIGURES
[841)3] The accompanying figures, where like reference mumerals refer to wdentical or
funchionally similar elements throughout the separate views, together with the detailed
deseription below, are incorporated in and form part of the specification, and serve to
further illustrate embodiments of concepis that include the claimed mvention, and

explam various principles and advantages of those embodiments.

[6606] FIG. 1 55 a simphified block diagram ol an RFID reader and anmtenna

configuration, 1 accordance with some emboduments of the present invention,

108071 FIG, 2 is a simplified block diagram of an ultrasonic emitier configuration, in

accordance with some embodunents of the present lnvention,

{BD08] FIG. 3 is a perspective view of an assembly of one co-located RFID antenna

and ulirasomc emitter combination for the devices of FIGs. 1 and 2.

[8009] FI1G. 4 15 a cut-away view of the embodiment of FIG, 3.

[861¢] FI1G. § 15 a perspective view of a housing inclading the co-located RFID
antennas and vlirasonic emitiers of FIGs. ¥ and 2.

{6611} FIG. 6 is a perspeciive view of an example envivonment utilizing the anienna

arrangement of FIG, 8.
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{8812} FIG. 7 shows a Howchart of & method i accordance with some embodiments

of the present mvention.

[8813] FIG. 8 shows a mobile device and a theoretical listening plane i accordance

with some embodiments of the present invention,

{6614} Skilled arfisans will appreciate that elements in the figures are illusirated for
sumplicty and olarity and have not necessanly been drawn to scale. For example, the
dimensions of some of the elements in the figures may be exaggerated relative 1o
other elements o help to improve understanding of embodiments of the present

wmvention.

[0015} The apparatus and method components have been represenied where
appropriate by conventional symbols in the drawings, showing only those specific
details that are pertinent to undersianding the emboduments of the present invention so
as not to obscure the discloswre with detals that will be readily apparent to those of

orcdinary skill i the art having the benefit of the deseription herem.

DETAILED DESCRIPTION
{8816} I various exemplary emtbodinments, the present mvention provides a teclsique
for combimng and co~-locating different locatiomng technologies Wito & common
housing without g significant increase in overall size. The present invention provides
an overhead combmation of different locationing technologies in a small and
Hghtweight arrangement, where the physical sive of the combination arrangement is
kept to & mimmrum so that the system is unobirusive, easy o assemble, easy to nstall,
inteprate, and maintain, and can allow for other features, such as a security camera,

wireless comrmmicaiion, ete.

{6817] For example, each of the locationing technologies can compmmcate wih a
remote server using a shared, common wirgless communication system (nof showa},
It should be recopnized that the present invention can be applied using one or more
wireless commuemcation technologies such as, bot are not himuted to: RF, kDA

(infrared); Bluetooth; ZigBee {and other vanants of the IEEE 80215 protocol); IEEE



WO 2016/048748 PCT/US2015/050416

80211 {any variation); other RFID freguency bands, such as HF and LF IEEE 802 .16
{WiMAX or any other vanation), Universal Mobile Telecommumcations System
(UMTS); Code Divsion Multiple Access {CDMA)Y mcludmmg all varanis; Global
Svstem for Mobile Communications (GSM) and all variants; Time division multiple
access (TDMA) and all vapants; Direct Seguence Spread Spectram; Freguency
Hopping Spread Spectrum; wireless/cordless telecommanication protocols; wareless
home network commumnication protocols: paging metwork protocols; magnetic
induction; satethite date commumication protovols; wireless hospital or health care
facility network protocols such as those operating w the WMTS bands; GPRY; and

proprietary wireless data commumnication protocols such as vanants of Wireless USB.

{6618} In general, the RFID reader is configured o provide communication between
the REID reader and nearby RFID tags. For example, the RFID reader "interrogates”
RFID tags, and recerves signals back from the tags in response to the interrogation.
The reader 1s sometimes termed as "reader mterrogator” or simply “iterrogator.” In
an exemplary emshodiment, the RFID reader may include, sibout lmttation ooe o
more of” a ProCossQy, & communmcation l'i‘:t@d‘i.l}\iff_é [REGSTELEI RN and at least one anieona
The eclemenis of the RFID reader may be intercomnecied together using a
conmmunication bus or another suitable interconnection arrangement that {aoildates

comnimumcation between the various elements of the RFID reader.

16619} The ulivasonic locationmg technology is configured to provide time signals
hetween an ultrasonic emitier and a mobile device. For example, the mobile device
can receive ulirasonic signals from different emitters, measure the timing of each of
these signals, and use triangulation or other techiniques to establish s position within
the environment. I an exemplary embodiment, the altrasonic locationing technology
may also inchede, withow limitation one or more off a provesseor, 8 couniroller, a

communication modide, memory, and a plurality of ulirasonic emitlers.

16620} Both of the RFID reader and ulivasonic controller can share the same
commumcation module, which can include components enabling communication on a
wired or wirgless network., For example, the commusgcation module may mclude o

wired Ethemnet interface ov wireless access point to comumunicate information abmy
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RFID tags and ulirasonic signaling on a local area network o 8 central server. It
should be appreciated that the description herein portravs the conmmunications with a
central server in an oversimplified maoner, gnd a practical embodiment can mclude
additional components and suitably configured processing logic to support known or
conveptional operating features that are not described in detail herein for the sake of

brevity.

166211 A processor may be any microprocessor, apphicstion specific infegraied cirauit,
field programmable gate array, digital sigaal processor, any suitable programnsable
togic device, discrete gate or {ransistor logie, discrete hardware components, or
contbinations thereof that has the computing power capable of managing the RFID
reader or ultrasomc emitlers. Prooessors generally provide the software, fimware,
processing logie, andior other components of the RFID reader or ulirasonic emitiers

that epable their functionality.

166221 A memory can include any of volatile memory clements {e.p.. random access
memory {RAM, such as DRAM, SRAM, SDRAM, etc.)), nonvolatile memory
elements {e.g., ROM, hard dvive, tape, CDROM, etc), and combnations thereof
Moreover, the memory can incorporate electromic, magnenc, optical, andfor other
types of storage mediy. Note that the memory can have g disinbuted architecture,
wherg vartous components arg situated remotely from ope another, but can be
accessed by the processor. The memory may be stilized to stove data associated with

RFID interrogations, ulirasonic signaling, elc.

166231 A housing combining differant network infrastructure can further include
slectromes and components for operation of the antenna arrangement of the RFID
reader and for operstion of the ultrasowic emitters. The electronics, components, efc.
of the combined network infrastructure may be disposed or located within the housing,
For example, the housing may enclose electronics and the like for operation of the
RFID reader, ultrasomic emitters, wireless access point, as well as other components
as described herein. The housing can be defived by a common conductive enclosure
that shields tternal components from external elecirical sipuals while providing

insutated feedthroughs, apertuves, or vias lo provide radio and ulirasonic signals
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outside of the housing, such as (o antenna glements, wired connections, and amitiors.
For example, the electronics and components may include elecineal connectivity to
the antenna feeds through the housing for transmission and reception of RFID signals

and connection to ultrasonic drivers for iransmission of ulirasonic signals,

{8624} F1G. 1 sllusirates a block diagram of an antenna configuration of one RFID
embodiment of the present ipvention. An RFID reader 12 can be connected 1o a
plurabity of antenna elements 18 via an antenna switch or different radio poris 14 of
the RFID reader. Also, the RFEID reader can direct the different radio ports to
sequentially communicatively connect only one antenna element at a time to the RFID
regder such that only one antenma clement is operable to tunsnutreceive at any
instant i time. The RFID reader can provide any received {ag mibrmation it obtains
10 an access point that can be wired or wirelessly connected to a local area network
{not shown) for inventory purposes, for example. Alibough eight antenna elements
are shown, there could be any mumber of elements. Preferably, there is an even
mnnber of antenna elements arranged i a crcle to radigte cutwardly from the cicle.
As shown in this embodiment, there are eight antenna elements evenly disposed at 45

degree intervals of the circle and connected to an eight-port radio.

[8625} FIG. 2 shows a block diagram of another erubodiment of the present inveniion
including an ulirasonic locationing configuration of ultrasonic emitters 18, The driver
of each emitter is controlled by a central ultrasonic controller 17 that can receive
mstractions for driving each emitter from a remwote server. These instructions can
include tming and sound pressure levels for the uwlrasonic signals, The controfler
may share circuttry with the RFID reader. The enutters 18 are co-located with the
RFID antenna elements 10 of FIG. 1, as will be described below.  Although a
combined embodiment as described herein has eight RFID antennas (of F1G. 1) and
four ultrasome smstiers (of FIG. 21, the actual wember of each of the RFID antennas
and vltrasonic emitters can vary, depending on the need, application, or coverage. For
example, there can be one ultrasonic emitter co-located with every RFID antenna, e.g.

eipht of each.
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{8026] Referring to FIG. 3 fexploded emitter view) and FIG. 4 (assembled emitier
cutaway view), m one embodiment an RFID antenna includes a linearly polarized, full
wavelength loop 20 as the driven element that is onented substantially paraliel to a
conductive reflector panel 26, The loop slement 28 can be disposed on a printed
circuit board 30 for easy mownting to the reflector panel using standoffs 220 As is
knows 1n the art, the loop element can be fed by an RF signal at a specific feed point
33, depending on the hnear polarization destred. In this example, with the gap 24
positioned as shown, and with the element being fed near the gap, a vertical
polarization can be achieved. With the gap and feed point rotated 90 degrees, a
horizontal polanization can be achieved. Those skilled in the art will recognize that
the loop geometry can be different than what 1s shown in this exemplary enthodiment
- as examples, the size can be larger or smaller, the shape does not have to be a cucle,
the width of the loop does not need to be constant, ete. The loop element 20 is driven
bv a balun cable 38 connected at the feed point 33 and grounded to the reflector 26 {as
shown in F1G. 4}, The balan cable i this embodiment is one-quarter wavelength
tong at the operating frequency. For example, for the North Amercan RFID band,
which operates between 902 MHz and 928 MHz, the balun cable length is 8.16 em.

[8027} A two-piece ultrasonic emiiter 18 s provided. An audio waveguide or horn 37
with a compression driver (speaker) 34 s mounted {o the RFID reflector panel 26
such that the driver 34 15 positoned substantially behind the reflector. A speaker
flange 32 completes the emitter 18, The assembled ulivasonic emitier i3 disposed
through an aperturg 36 in the reflector panel 26, with the horn 32 extending from the
driver 34 through the loop element 20 and extending past the loop element 20, In this
way, the emitter and RFID antenna are co-located. The aperture, enmtter, and loop
element may or may not be co-located co-axially. In other words, the emitter may be
off ants from the center of the loop element, as shown, In addition, the emitter need
not be aligned exactly perpendicular o the plane of the loop element. In any event,
the driver and hora constituie a two piece assembly, wherein the driver is moanted to
the reflecior panel, and the driver and hom are configured 1o be assembled together

through the loop antenna element and the aperture.
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{8028] In accordance with the present invention, the aperiare is cut W the reflecior to
allow the ulirasonic energy 1o pass throagh the reflector. A diameter of the apertare is
tess than one-quarter wavelength of an operating frequency of the RFID reader loop
antenng etement. Therefore, having the compression driver smaller in digmeter than a
quarter RFID wavelength mitigates the RFID signal passing through the apertwre, e
the aperture 13 wvisible to the RFID antenna.  In addition, the aperture is located in
the reflector panel near 2 nanimum E-flield area of the RFID reader loop antenna
element, tin order to further mitigate RFID signals passing through the aperture. For
example, where a loop element is fed at a feed point 33 near the gap 24, the antenna
presemts ittle to no E-field near the aperture.  Therefore, adding 8 small component,
such as a speaker driver 34, at the reflector panel near a centerline of the loop does not
adversely affect the loop antenna’s performance. Accordingly, since the wlirasonic
emitter is positioned in the fow E-field region of the loop sntenma, RFID funchionality

is not affected.

{80291 The reflector panel 26 may have holes cut out to provide electrical connections
therethrough. Furthermore, the geometric details of the oop and reflector panel may
be different for differmg antenng polarizations. It should also be recognized that a
partial circle antenna configuration can be used successfully m the present invention,
other than the full circle embodiment shown, to provide a substantially hinear
podarization. Typically, the physical shape, size, and configuration of the antenna
geomelry should be resonant at 913 MHz, wlach is a standard frequency for REID
apphications, For European RFID applications, the physical shape, size, and

configuration of the antenna geometry should be resonant at 865 MHz.

[0030] In the 915 MHz example shown in FIGs. 3 and 4, each loop element can be
{lat and approximately {0 centimeters in diameter, The distance of the loop element
from the reflector panel is approximately 3.175 centimeters. Note that there are other
combinations of spacing, loop element diameter, and reflector paned size that result in
a properly tuned and matched 915 MHz systems. Also, the loop element does not need
to be flat. For example, It may be contoured to follow a curved shape of a conical

reflector.  In addition, although a circularly polarized antesna could be used,
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circularty polarized antennas need an additional 3dB of circalar gain to match the gain
of thetr hnear polarized equivalents, which would reselt m a significantly larger

antenng arrangement and housing.

[8631] It should be noted that the stz values are approximate, and they could all be
varied to affect a different antenna gain, frequency match, or radiation pattern. The
nse of a reflector panel placed behind the loop clement and having a spacing
therebetween helps to reflect back most of the RF energy, making the sutenna element
a high gain apieona svstem.  The reflector panel takes snergy that iz direcied
backwards, towards it from the loop element and redmvects 3t, combining it with the
directly radiated pattern that was already directed forward. The result is a high gain,

directional anienna,

[8032} A length of the ultrasonic emitter horn extending from the reflector panel is
approximately 4.5 centimeters.  As shown, it is envistoned that the ultrasonic emitter
15 a two-piece design. A compression driver 34 having an externally threaded tweeter
cup with an andio waveguide or horn 37 can assemble to the reflector panel 26, This
assembly extends through a hole in the loop antenna 20 printed circuit board 3¢ and
the aperture 36. An internally threaded speaker Bange 32 screws to the tweeter cup
with horn 37 1o complete the assembly of the emiiter. The speaker flange 32 serves as
a baffle as well ag a protective cover for comywesston driver 34, I should be
recognived that these two parts could be attached 15 several other ways including snap
conneciors, twist focks, screws, etc, 1t should also be recognired that the tweeter cup
with horn 37 and speaker flange 32 can be split differently with the end combined
vesult betng the same or very simular, It should alse be recopnized thal a separate
embodiment can have custom shaped wavegmides for specific environments as
requared for performance. In this way, the waveguide provides an optimized energy
spread out onto a “listening plane” of the environment where mobile devices can pick
up a specific ultrasonic frequency signal of the emitters {as shown in FIG. 8 which
shows a mobile device and & theoretical histeming plane for which a mobile device
would receive transnuission {rom the ulirasonic emitters. This figure alse shows the

ortentation {vertical angelar offset) for the ultrasonic emitters in this embodiment).

g
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{80337 In this wav, the present mvention provides the advantage that the RFID boop
antenna and ultrasonic enntier can be co-located without taking up any more spatial
volume of an enclosure of the housing, which frees up critical spatial volume for other

fegtures, such as a video camera and the like.

18834} In the configuration shown in FIG. 3 the loop element 20 and reflector panel
26 ave spaced from each other using insulating spacers or standoffy 22 therebetween.
However, i i3 envisioped that the loop elewent need not be mechanically coupled
directly o the reflector panel, but instead can be mechanically coupled dirsctly to the
ulirasonmic ennter 18, which 15 1t mechanically coupled to the reflector panel 26.
Using the ultrasonic emitter as the mounting structuve for the loop element eliminates
the need for a separate mwunting structare, thereby reducing the number of parts,

lowering cost, and simplifving the design.

16638] FIG. 5 shows a perspective view of an eight clement RFID antenna
configuration with four co-located ultrasonic emitters 18, in accordance with some
embodiments of the present tnvention. This embodiment utihizes a plurality of the
reflector-backed RFID hinearly polarized toop antennas 20 {such as those represented
m FIG, 3) arranged i a cicle {eight antennas spaced at 45 degree ntervals) to
achiieve 360 degrees of coverage. Some of the loop antennas mclude a co-located
pitrasonic emitter to form the arrangement of FIG, 3. In one embodunent, all {eight)
anfenna configurations iclude an wltrasonic emitter.  In another embodiment, half of
the antenna conligurations inclade an ulirasonic emitier (as shown). ¥t should be
recognized that any namber of ulirasonic emitter and/or RFID antennas could be used.
The reflector panels, emitiers, and antennas are angled approximately fifieen degraes

from the vertical.

[8036] All the reflector panels 26 are electrically joined together, along with a
conduetive top 50 and bottom 82, to define a common reflector box or housing 16,
The reflector box 1sofates the radiated RF energy of the sutenna elements from the
pltrasonic enntter oivenitry. The central bousing 16 can be, but is not hnwted fo, a
square, rectanguiar, trapezoidal, or a conle section. For exanyde, the central housing

16 can have a faceted embodiment described by a trapevoidal pyramidal section with

1t
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planar reflector panels (as shoven) that acts a8 one commeon reflector panel and ground
plane for all the antennas as well as an electrical ground for enclosing the other
electronics located inside the housing, mcluding dnive circuitry for both the RFID
reader loop antenna elements and ultrasonic emutters.  Alternatively, the central
housing can be a continuouns fruncated conical surface.  In this embodiment, the
avterma arrangements may be built as mdividual modales that are then mechanically
assembled fo a central housing or frame with the top 58 and bottom 52, The
configuration shown, when fully enclosed, resalts in an overall maximum dimension
of zhout 48 centimeters wide and about I8 centimeters tall with the housing portion
16 having a maximumn dimension of about 38 centimeters wide,

-

{6637} In the configuration shown in FIG. 5, nwmerous RF simulations were run and
physical RF mockups of the system were built, and the festing validates the concepts
associated with the antenna arrangement of the present wnvention.  This configuration
provides the ability to read all RFID tags near the RFID reader while providing
wnobstructed ulirasonie locationing. The RFID reader and ulirasonic contredler can be

wirelessly controlied using existing WLAN infrastructure.

{0038} FIG. 6 is a perspective diagram of an exemplary retail environment with an
RFID reader/oltrasonic systemt housing enclosuare 66 of FIG. § in g ceiling-mounied
overhead confligwwation.  The present nvention s configwred 1o provide wireless
mterrogation of a plurality of RFID tags located on ov affixed to a plurality of items
62, while also providing ultrasonic locationing of mobile devices 64. The housing
enclosure 60 may be mounted to a cetling or other overhead fixtare in the retail
eavironment. The retall environment i3 shown solely for iHlustzation purposes, and the
antenna arrangement of the present invention may be used i any environmend
imcluding a warehouse, monufacturing facility, file room, storage area, and the like.
The antennas of the REID reader are configured to provide a far feld radiation pattern
covering the floor of the environment, while the altrasonic emitters are configured 1o
pravide a substantially uniform lstening plane for mobile device moving within the
environment.  Typically, the housing is mounied on a cetling of the environment,

approximately fitteen feet above the floor. The antennas and emitters ave angled

14
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dovwnwardly, approsimately fifleen degrees from vertical (as represented i FIGs. §
and 8). In this way, the emitters can communicate with a mobile device 64 that s
being carried by a person at a typical carrving beight defined herein as a listeming
plane, which s a theoretical plane above the floor where carried devices can receive

ulrasonic transmission.

16639} Refernng to FIG, 7, the present invention describes a method for co-locating a
Radio Frequency identification (RFIDY device and ultrasonic device. A first step 70
inchudes providing af least one RF{D reader loop auntenna element oriented parallal to

a reflector panel.

[0040] A nexi step 72 mcludes providing at least one ultrasonic emutter including a
driver and a hom, wherein each ultrasonic emitter ts disposed through an apevture
the reflector panel with the hom extending through the loop element. A diameter of
the aperture 1s less than one~quarter wavelength of an operating frequency of the
RFID reader loop antenna element. The aperture 15 located in the reflecior panel near
a minimn E-field area of the RFID reader loop antenna.  The driver and hor
constifule a two piece assembly, wheremn the driver and hom are configured to be
assembled together through the loop antenna element and the aperture element. A
tength of the horn from the reflector panel s approximately 4.5 centimeters and 2
distanice of the loop element from the reflector panel is approximately 3.178

centimeters.

160411 A next step 74 includes mounting the antenna element and emitter on a ceiling
of an enviromment, with the ultrasonic enutter angled gpproximately fifieen deprees

dowwwardly from the vertical,

{80421 Advantageously, the present invention provides an infegration technique that
allows two locationing technologies 1o occupy the sanme space, theveby providing a
significant competitive advantage. By mounimg the source of the ulirasonic energy {0
the back of the RFID reflector plate and passing the energy fiwough a convenient
geometric opening and low E-field area of the RFID dnven element, isolation
between the two svstems is very high resulting i each system being nvisible to the

other. Note that both the length of the waveguide and the spacing between the

12
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agtenna driven element and reflector ave optimized sach that the two technolopies can
coexist i a shared dimension. As a resalt, the present wvention allows co-location of
both locationing systems as well as a means to secure and assemble both svstems’
components within as minimal of 3 space as {eastble for the required performance
(RFID antenna pains as well a3 proper speaker stve for sufficient Sound Pressure
Level, polar sound evergy pattery, and radial symmetry of sound energy about the

bove sight axis for the emitter),

{60431 In the forepuing specification, specific embodiments have been described.
However, one of ordinary skill w the art appreciates that various modifications and
changes can be made without departing from the scope of the invention as set forth n
the claims below. Accordingly, the specification and figures are 1o be regarded in an
iltustrative rather than a restriciive sense, and all such modifications are intended {o be

meluded within the scope of present teachings.

16644} The benefits. advantages, solutions to problems, and any elemeni{s} thai may
cause any benefit, advantage, or sohution {0 occur or become mote protounced are not
to be constraed as a ontical, requred, or essential features or elements of any or all
the claims. The mvention 15 defined solely by the appended claims including any
amendments made during the pendency of s gpplication and all equavalents of those

clanms as wswed.

{86845} Moreover in this docement, relational termy such as fust and second, top and
bottom, and the hke may be used solely to distinguish one entity or action from
another entity or action without necessarily requiring or mmplying any sctual such

X

velationship or order bebween such entities or actions. The tenms “conywises,”

N

"comprising.” “has”, “having,” “includes”, “including.” “contains”, “comtaining” or
any other vartation thereof, are intended to cover a non-exclusive inclusion, such that
a process, method, article, or apparatus that comyprises, has, includes, contains a list of
elements does not inclade only those elements but may include other elements not
expressly listed or inherent to such process, method, article, or spparatus. An elerent
pricesded by “comprises ...a", “has ...a", “includes ...a", “contains .37 does nof,

without more conatraints, preclude the existence of additional dentical elements in

13
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the process, method, article, or apparatus that comprises, has, includes, contains the
clement. The terms “a” and “an” are defived as one or more unless exphaoitly stated
otherwise herein. The terms “substantially”, “essentially”, “approxunately”, “about”
or any other version thereof, are defined as being close 1o as understood by one of
ordinary skill in the art, and in one non-lmiting embodiment the term is defined to be
within 10%, in another embodiment within 3%, in another embodument within 1%
and it another embodiment within ¢.3%. The term “coupled™ as used heremt is
defined as comnected, although npot necessarily divectly and not necessanly
mechamically. A device or structure that s “configured™ in a certain way is

configured in at least that way, but may also be confipured in ways that are not listed.

{6646} It will be appreciated that smne embodiments may be comprised of one or
more generic or specilalized processors {or “processing  devices”d such  as
microprocessors,  digital  signal  processors, costonyzed  processors and  field
progranumnable gate wirays (FPGAs) and unique stored program instructions {inclading
bhoth software and Grmware} that contrn? the one o more processors o mplement, o
conpmction with certain non-processor circuits, some, most, or all of the functions of
the method and/or apparatus described heretn. Alternatively, some or all functions
could be mmplementad by a state machine that has no stored program mstructions, or
m one or more application specific integrated civeuits (ASICs}, m which each fanction
or some combmations of centain of the funchions are implemented as custom logic.

Of cowrse, a combination of the two approaches could be used.

{80471 Moreover, an embodiment can be wnplemented as a compmuter-readable storage
medium having computer readable code siored thereon for programming 8 computer
{e.g., comprising & processor} to perform g method as desenbed and claimed herein.
Examnples of such computer-readable storage mediums include, but are not finuted 1o,
& hard disk, a CD-ROM, an optical siorage device, a magnetic storage device, a ROM
{Read Only Memory), a PROM (Programimable Read Only Memory), an EPROM
{Evasable Programmable Read Only Memory), an BEPROM (Electrically Erasable
Programmable Read Only Memory) and a Flash memory, Further, it is expected that

one of ordmary skill, notwithstanding possibly significant effort and many design

14
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choices motivated by, for example, available thme, cwrrent technology, and economic
considerations, when guided by the concepts and principles disclosed herem will be
regdily capable of generating such soliware instryctions and programs and ICs with

minimal experimentation.

8648} The Abstract is provided to allow the rveader to quickly asceriain the nature of
the technical disclosure. 1t is submitted with the understanding that it will not be used
Lo interpret or linut the scope or meaning of the claims. In addition, in the foregoing
Detailed Description, it can be seen that various {eatures are grouped together in
various embodiments for the purpose of streamiining the discloswre. This method of
disclosure is wot 1o be interpreted as reflecting sn miention that the claimed
embodiments requite more features than are expressly reciied m gach clum. Rather,
as the following claims reflect, inventive subject matier les in less than all features of
a single disclosed embodiment. Thus the followmg clains are hereby incorporated
into the Detatled Description, with each claim standing ov #s own as & separately

clamsed subject matter,
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CLAIMS

What 1s claimed is:

1. Anapparatus inchuding a colocated Radio Freguescy Tdentification (RFID)
device and ultrasonic device, comprising:
an RFID reader loop antenna element orlented paraliel to a veflector panel: and
an ultrasonic emitter including 8 driver and a hom, wherein the ultrasonic enitfer
1s disposed through an aperture in the reflector panel with the horn extending

through the foop element.

2. The apparatus of claim 1, wherein a diameter of the aperture is less than one-
quarter wavelength of an operating frequency of the RFID reader loop antenna

element.

3. The apparatus of clatm 1, wherewn the sperture s located m the reflector panel

near a muinimum E-field area of the RFID reader loop antenna element,

4. The apparatus of clanm |, wherein the driver and hom constitute @ two piece
assembly, wherein the driver and hom are configured to be sssembled together

throuzh the loop antenna element and the aperture,

S. The apparatus of claim 1, further comprising a plarshity of co-located RFID
reader loop antenna elements and ulttasonic emitter homs, wherem the reflector
panels of the RFID reader loop antenna elements are electrically joined together 1o
define a common reflector box, and wherein the reflector box defines a housing that
containg circuitry for both the RFID reader loop antenna elements and ultrasonic
emitters and acts as an electrical ground fiw the RFID reader loop antenna elements

that are positioned to radiate outwardly from the reflector box.

16
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6. The apparatus of claim 1, wherein the apparatus is configured 1o be mounted on
a cething of an environment, with the ultrasome emitter angled approximatety fifleen

degrees downwardly from the vertical.

7. The apparatas of claim 1, wherein a length of the horn from the reflector panel
i3 approximately 4.5 centimeters and a distance of the {oop element from the reflector

vl

panel is approximately 3,179 centimeters.

S An apparatues imcluding a co-located Radio Freguency Identification (RFID}
device and ultrasonie device, comprising:

a phurahity of RFID reader loop antenna elements each ontented parallel to a
respective reflector panel, wherein the reflector panels are elecncally jomed
together to define a common reflector box that defines a housing that contains
cireuitey for both the RFHD devices and ulirasonic devices and acts as an
electrical ground for the RFID reader loop antenna elements; and

a plurality of ultrasome enutiers each including a driver and # hom, wherein each
ultrasonic emitler is disposed through an associated aperture in the reflector
panel with the hom extending through a co-located antenna loop element,
wherein a diameter of the apertures is less than one-quarter wavelength of an
operating frequency of the RFID reader loop antenna elements, and wherein
the aperiures are located w the reflector box near a minumum E-fleld area of

the associated RFID reader loop antenna element.
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9. A method for co-locating a Radie Frequency ldenuification (RFID) device and
ultrasonic device, the method comprising the steps off
providing at least one RFID reader loop antenna element orniented parvaliel to a
reflector panel; and
providing at least one ultrasonic enniter including a driver and a hors, wherein
each uhrasonic emitter is disposed through an aperture m the reflector panet

with the horn extending through the loop element,

10, The method of claim 9, wherein a diameter of the aperiiwe 18 less than one-
guarter wavelength of un operating frequency of the RFID reader loop antenna

elerent.

H. The method of claim @, wherein the aperture is located in the reflector panel

pear a nunimum B~field area of the RFID reader loop antenna element,

{2, The method of clanm 9, wheretn the doiver and hom constifiite a two piece
assembly, wherein the driver and horn are configured io be assembled together

through the loop antenna element and the aperture.

13, The method of claim @, further comprising mounting the antenng element and
emitter on a cething of an environmaent, with the ultrasonic emitier angled

approximately fifteen degrees downwardly from the vertical.

t4. The method of claim 9, wherein 3 length of the homn from the reflector panet 1s
approximately 4.5 centimeters and a distance of the loop element from the reflector

panel is approximately 3.175 centimeters.
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