Office de la Propriete Canadian CA 2970672 A1 2016/07/07

Intellectuelle Intellectual Property
du Canada Office (21) 2 970 672
g,lnngL%?rri‘fg:na " mfgtfy”%ya‘r’]‘; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2015/12/17 (51) CLInt./Int.Cl. GO6K 7/70(2006.01),

B65G 15/08 (2006.01), B65G 47700 (2006.01)
(71) Demandeur/Applicant:

(87) Date publication PCT/PCT Publication Date: 2016/07/07
(85) Entree phase nationale/National Entry: 201/7/06/12 WAL-MART STORES INC. US
(86) N° demande PCT/PCT Application No.: US 2015/066277

(72) Inventeur/Inventor:
(87) N publication PCT/PCT Publication No.: 2016/109229 WILKINSON, BRUCE W.. US

(30) Priorité/Priority: 2014/12/31 (US62/098,576) (74) Agent: DEETH WILLIAMS WALL LLP

54) Titre : SYSTEME, APPAREIL ET PROCEDE POUR ORDONNER DES OBJETS AYANT DES ETIQUETTES RFID

SUR UN TRANSPORTEUR MOBILE
(54) Title: SYSTEM, APPARATUS AND METHOD FOR SEQUENCING OBJECTS HAVING RFID TAGS ON A MOVING

CONVEYOR

.,“wmm-‘hlmw“"
am"m" ' !"Wmm
wﬂd' "*"'\u“
U"" ™=

P far tield
’pd"
‘fﬂ'
fﬂ'
‘94"
a""
fo'
’
&
&
S N
wo & Xy
J’i gﬂf“,ﬂ# mmmmmmmmmmmmm hh""'“%&‘\)
T 08 nearﬁeid— reactivé ™. .
ai v ™ *
;’ g :f { i) Sﬁ oo
| : o em eemcenmmeceemeceemceemmcceee eeeeceeemceed
: § oS, % ¥
) 3] reader ) ,
% Yo ., ,”, s
"‘s "m“ o ’”ﬁ,,.*" o
% Mo e e e P
R N e e "\.«_?04
LY
.. near field - rad:atmg
%"%
‘6%%
'\&%%mh
‘b""”
hh""wh o O
FiG. 1
(57) Abréegée/Abstract:

In some embodiments, apparatuses and methods are provided herein useful to track objects on a moving conveyor system. In
some embodiments, an RFID based tracking system comprises a conveyor system to move and transport objects along a
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(57) Abrege(suite)/Abstract(continued):

conveyance path, wherein each object includes a near field only RFID tag associated therewith and identifying the object. Each
near fleld only RFID tag Is not coupled to a far field antenna such that it is not readable In a far field of RFID communication and
communicates only In a near field of RFID communication. An RFID tag reader is positioned to attempt to read the near field only

RFID tag of each object. And a control circuit processes reads of the near field only RFID tags by the first RFID reader to determine
an order of the objects being conveyed.
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(57) Abstract: In some embodiments, apparatuses and methods are provided herein useful to track objects on a moving conveyor
system. In some embodiments, an RFID based tracking system comprises a conveyor system to move and transport objects along a
conveyance path, wherein each object includes a near field only RFID tag associated therewith and identifying the object. Each near
field only RFID tag is not coupled to a far field antenna such that it 1s not readable in a far field of RFID communication and com -
municates only in a near field of RFID communication. An RFID tag reader 1s positioned to attempt to read the near field only RFID

tag of each o

der of the objects being conveyed.

nject. And a control circuit processes reads of the near field only RFID tags by the first RFID reader to determine an or -
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SYSTEM, APPARATUS AKD METHOD FOR SEQUENCING OBIECTS HAVING RFID
TAGS ON A MOVING CONVEYOR

Related Application(s)

{3001 This application claims the benefit of U.S. Provisional Application No.

62/098,376, {iled December 31, 2014, which 18 incorporated by reference in its entirety.

Technical Field
{3062} This mvention relates generally to the sequencing of objects traveling on a

MOVINgG Conveyor systerm.

Background
THHIRY in retaid distribution centers, boxes of goods are transported on a moving

conveyor for routing to vartous locations mn the center. [t 15 desired to sequence the order of the
boxes traveling on the conveyor. Known approaches mclude positioning optically readable
patterns on the boxes and opfically reading the boxes as they pass an immager. Such mmnagers
represent a significant expense to the distributor. Other approaches mvolve the use of radiwo
trequency wdentification (RFID) tags on the boxes which are read by RFID tag readers.
However, the principie chalienge for using RFID technology on a conveyor 1s identitying the
sequence order of the boxes on the conveyor. The boxes on a conveyor are {ilied with various
types of content. One box may have tissue paper and another one shampoo. The tag attached to
the ti1ssue paper box will respond to an RFID reader at greater distances than the tag attached to
the box of shampoo. The consequence of this 1s that the tag on the tissue box will likely read
before the tag on the shampoo box. The reader will think that the tissue box is in tront of the
shampoo box even though 1t 1s actually behind. All efforts to solve this with phase shift, R&SI,
and the like calculations have failed to provide an accurate and reliable sequencing capability.
The principle problem with these solutions 1s that thev strugele with the unpredictability of the

path that RE energy follows when 1t 1s reflected oft the surtaces of the structures in the facility.
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Brief Description of the Drawings

{3004} Disclosed herein are embodiments of systems, apparatuses and methods
pertaining to the use of RFID technologies to track objects traveling on a conveyor {or other

moving pathway}. This description includes drawings, wherein:

{0005 FI(. 1 15 an dllustration of a near field and a far field of RFID communication in

accordance with some embodiments.

{3006} FIGS. 2A-2D are dlustrations of near field only RFID devices i accordance with

several embodiments.

{3067 FI(x 3 15 a side view diagram of a radio frequency identification (REFID)} based
object tracking system for a moving convevor in accordance with several embodiments.

THERY FIG 4 15 a side view diagram of another RFID based object tracking system for a
Moving conveyor in accordance with several embodiments.

THEBY: FIG S 15 a side view diagram of another RFID based object tracking system for a

MOVING conveyor in accordance with several embodiments.

{0010 FI(:. 6 15 a top down view of the system of FI(s. 5 1n accordance with several
embodiments.

(0011} FI(3. 7 15 a tunctional block diagram 1n accordance with some embodiments.
{0012] FI(s. 8 15 a flow diagram of a method i accordance with several embodiments.
{0013] Elements in the figures are illustrated for simplicity and clarity and have not

necessarily been drawn 0 scale. For example, the dimensions and/or relative positioning of
some of the elements in the figures may be exaggerated relative to other elements to help to
improve understanding of various embodiments of the present invention. Also, common but
well-understood elements that are usetul or necessary in a commercially feasible embodiment are
otten not depicted in order to facilitate a less obstructed view of these various embodiments of
the present invention. Certain actions and/or steps may be described or depicted in a particular
order of occurrence while those skilled in the art will understand that such speciticity with
respect to sequence 15 not actually required. The terms and expressions used herein have the

ordinary technical meaning as is accorded to such terms and expressions by persons skilied in the
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technical field as set forth above except where different specific meamings have otherwise been

sat forth herein.

Detailed Description

(enerally speaking, pursuant to various embodiments, systems, apparatuses and methods
are provided herein usetul to track, e.g., sequence, objects moving on a CONVEyor of moving
pathway using RFID technologies. In some embodiments, a RFID based tracking system
includes: a conveyor system configured to move and transport a plurality of objects along a
conveyance path, wherein each of the plurality of objects includes a near field only RFID tag
associated therewith and identifving the object, wherein each near field only RFID tag 15 not
coupled to a far tield antenna such that it 1s not readable 1n a far field of KFID communication
and communicates only i a near field of RFID communication; a first RFID tag reader
positioned relative to a first portion of the conveyor system and configured to attempt to read the
near tield only RFID tag of each of the plurality of objects; and a control circuit contigured to
process reads of the plurality of near field only RFID tags by the first KFID reader to determine

an order of the plurality of objects being conveved.

(3014 in some embodiments, RFID-based object tracking systems use near field only
RFID tags such as the near field only RFID tags described in U.S. Patent No. 8,286,884 1ssued
October 16, 2012 (Docket 98082); U.S. Patent No. 8,544,758 1ssued October 1, 2013 {(Docket
103329); U.S. Patent No. 8,857,724 1ssued October 14, 2014 (Docket 130347); U.S. Patent No.
8,286,887 1ssued October 16, 2012 (Docket 98183); and U.S. Patent No. §,505,3829 13sued
August 13, 2013 (Docket 130528}, all of which are incorporated herein by reference. In these
patents, a near field only RFID tag 1s an RFID tag that does not include any far field components.
Thus, the near hield only RFID, the tag 13 readable by an RFID fag reader i the near tield of
RFID communication but not 1 the far field of RFID communication. In some embodiments,
the near field portion of the RFID tag 1s a pre-manufactured generic component which may be

cooperated with a far field antenna separately designed and manutactured {or the application.

{0015] As 15 well known mn the art, referning mtially to FIG 1, embodiments of the near
tield and the far field of RFID commumnication are explamed and illustrated. For example, the
near field 1s the region about the antenna of the reader 108 where the antenna and the tag 110 are

coupled within one tull wavelength of the carrier wave; however, in many practical apphications,
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the near field 15 within one half wavelength of the carrier wave. The tar field 102 1s the region
beyond the near field region, 1.e., coupled bevond one full wavelength of the carrier wave. In the
tar tield, electric and magnetic fields propagate outward as an electromagnetic wave and are
perpendicular to each other and the direction of propagation. The angular field distribution does
not depend on the distance from the antenna. These electric and magnetic fields are related to
each other via tree-space impedance. Thus, in the far tield region, the electromagnetic signal

propagates as wavetorm.

(0016} in the near field region, the electromagnetic signal does not propagate as a
wavetorm. The near field region has two sub-regions: a near field radiating sub-region 104 and a
near field reactive sub-region 106. In the near field reactive sub-region 106, energy 1s stored, but
not radiated. The near field reactive sub-region 106 is typically where the reader antenna and the
tag are coupled within 1/2 wavelength of the carrier wave. This 1s typically very close to the
reader antenna. The near field radiating sub-region 104 15 a transitional region between the near
tield reactive sub-region 106 and the far field region 102, The near field radiating sub-region
104 15 tvpically where the reader antenna and the tag are coupled between 1/2 to 1 full
wavelength of the carrier wave. In the near field radiating sub-region 104, while there 15 radiated
electric and magnetic fields, these electric and magnetic fields do not propagate and are not
perpendicular to each other and to the direction of propagation (if there were propagation). This

15 well understood i the art.

{3017} In many embodimenis, the boundary between the near field region and the far
field region can be defined as “r”, iHustrated 1 FIG. 1. In some embodiments, this boundary 1s a
tunction of the antenna charactenistics {e.g., the antenna’s electrical size) and the wavelengths
used, as well as whether the reader 13 a point source or array. In some emboduments, with
antennas whose s1ze 15 comparable to wavelength (such as commonly used m UHF REID
applications), the approximate boundary (r} between the far field and the near field regions may
be expressed as r = 2D*/h where D 1s the maximurn antenna dimension and A 1s the wavelength.
For electrically small antennas {e.g., as used in LF/HF RFID applications), the near field
radiating sub-region 18 small and the boundary r between near and far fields mayv be expressed as

r= A/Z2m. These relationships are well known 1n the art.
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{00 18] {yeneraily, the near field and far fields of RFID communication are well known n
the art. Many near field devices include devices complying with the Near Field Communication
{(NFC) Forum standards, High Frequency (HF ) devices, Electronic Shelf Labels (ESLs}, and so
on. Other examples of devices that communicate in the near field are near field only tags such as
those tags described in U.S. Patent No. 8,286,884 and U.S. Patent No. 8,286,887, both of which
are incorporated herein by reference, 1., tags that lack a far tield antenna and magneticaily,
inductively or capacitively couple to a corresponding reader. Devices that communicate 1n the
near field tvpically have a range ot being detected at about an inch or so away up to about -2

teet maximum depending on the frequencies used.

(0019} in a typical ultra-high frequency (UHF)} RFID system where the carrier frequency
15 1n the range of 800-9060 MHz, the ettective near field 1s the region up to approximately 1-15
centimeters from the reader antenna, whereas the far field 15 the region from approximately 15-
40 centimeters and beyond the reader antenna. In many cases, the reader 108 can read tags in the
near field up to about 15 centimeters away, depending on the tag antenna, the reader can read
tags in the far field up to about 20-30 feet or more away. These features are also well known 1o

the art.

[0020] It 1s understood that the near field tags may be designed to operate with reader
antennas operating at a varnety of frequencies, such as low frequency {(LLF} at 125-134 kHz, high
frequency (HE} at 13.56 MHz, ultra lugh frequency (UHF} at 860-960 MHz, microwave

trequencies at 2.4 and 5.8 GHz, {for example

100211 Another way to view near field and far field communications relates to how the
reader 108 and the tag 110 are coupled together. The reader and a near field tag communicate
through magnetic, mductive or capacitive coupling between the reader antenna and the tag
antenna {typically a near field loop antenna}. For example, a current 18 induced mn the reader
antenna {e.g., l0op antenna), which when brought into close range with the tag antenna (loop
antenna) induces a current in the tag antenna which 15 modulated according to the data of the tag
and mduced back o the reader antenna. This type of near field communication 1s well known in
the art and may be considered the near field reactive sub-region 106 of FIG. 1. Devices capable
of communicating in the near field radiating sub-region need more than a loop antenna. For

example, at least some additional conducting portion extending from the loop antenna {such as
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the conductors 214 and 216 of FI{s. 2D discussed below). Such conductors will provide some
radiation of the electric and magnetic fields but not provide a propagation of a waveform. This
type of near field communication 1s well known 1n the art and may be considered the near field

radiating sub-region 104 of FIG. 1.

10022} With far field RFID devices, the reader 108 and the tag 110 communicate through
the transmussion of electromagnetic energy from the reader to the tag which 1s reflected back as
transmitted electromagnetic energy to the reader. Far field communicating devices typically use
dipole antennas or other antenna structures capable of transmitting energy and received
transmitted energy in the far field. In many cases, the far field radiation decays as described in
the far field region 102 of FI(G. 1. This type of far field communication 15 well known 1n the art.
Further intormation regarding the near field and tar fields of RFID) operation are described in
NIKITIN ET AL, “An Overview of Near Field UHF RFID”, IEEE, February 2007, which 15

incorporated herein by reference.

{3023} It 15 noted that in some embodiments, the read range of a given reader may be
limited or changed by reducing or adjusting the power level of signals transmaitted by the RFID
reader. For example, far field RFID readers at normal operating power levels may be able 1o
read far field RFID tags up to 20-30 feet. For example, the transnut power of the reader could be
adiusted such that the reader can only read RFID tags at less than the normal range, e.g., up to
10-20 feet. This allows for the reading of the tag to occur only when the tag and tag reader are
brought into a closer proxinuty compared to when the reader reads at normal power levels.
Conversely, the mcrease of the read range results in the detection of a less precise (farther)
location relationship between the reader and the tag than when the RFID reader operates at

normal power.

{3024 Some embodiments of the RFID-based object tracking system described herein
make use of near field only RFID tags. Several examples of near field only RFID tags are
described next. FI{ 2A dlustrates a near field only RFID tag 200 mchuding an integrated circuit
204 (or chip 204} and a loop 202 formed on a substrate 206, but does not include a far field
antenna. In some embodiments, the near tield only RFID fag 200 may be formed by removing
the far field antenna or may be pre-manutactured to not inchude the far field antenna. The near

tield only RVID tag 200 does not function as a far field RFID tag, 1.e, on its own, it cannot be
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read in the far field by a tag reader. In some embodiments, the near field RFID tag 200 may be
implemented as the Impinj® Button'™ {commercially available from Impinj, Inc. of Seattle,
Washington} which 15 a near field only tag that has a chip with a circular loop antenna (and no
patterned elongated conductors), which on its own only allows for communication in the near

tield reactive sub-region 106.

(B025] Other suitable near field only RFID tags may be designed to be coupled to a tar
tield antenna such that the coupled device operates in the near field and far field of RFID
communication. For example, the loop antenna 15 designed, shaped and/or configured to be
suttable for use for with a far field antenna to be electromagnetically and/or electrically coupled
thereto. In one example, FIG. 2B shows a near field only RFID tag 205 including an integrated
circutt chip 204 formed on a substrate 206 and including a coupling conductor 208 that will
assist in coupling the near field only RFID tag 205 with a far field antenna. This embodiment 15
similar to the near field only RFID tag 200 of FIG. 2ZA, but includes the coupling conductor 208
The coupling conductor may extend from the loop 202 i a vartety of ways and have varying
lengths depending on the far field antenna to be coupled therewith. However, the coupling
conductor 208 does not itself function as a far field antenna. Accordingly, while there 1s some
additional conductive material apart from the loop 202 (1.¢., the coupling conductor 208), on ifs
own, the near field only RFID tag 203 15 only readable i the near field. However, if coupled to

a far field antenna, the resulting combination functions 1 both the near field and the far field.

{0026] In another example, FIG. 2C shows a near field only RFID tag 215 mcluding the
integrated circuit 204 {chip 204}, the loop 202 and conductors 210 and 212 formed on the
substrate 206 to allow tor capacifive coupling with a far field antenna according to ancther
emnbodiment. In operation, each of the conductors 210 and 212 can function as a first electrode
ot a capacitor formed between stsell and a far field or tag antenna, where a portion of the far field
antenna forms the second electrode of the capacitor. Like the device of FI(G. 2B, while there 1s
some additional conductive material apart from the loop 202 (1.¢e., the conductors 210 and 212},

on its own, the near field only RFID tag 215 15 only readable in the near field.
{3027] In a further example, FIG. 2D illustrates a near field only REID tag 225 that
includes the integrated circuit or chip 204 coupled to the near tield antenna 202 (e.g., loop

antenna} and including elongated conductors 214 and 216 that aliow the loop antenna 202 to be
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coupled to a tar field antenna. In some embodiments, the near tield only RFID tag 225 may be

tﬂ\d.

implemented as the Impiyi® Bolt™™” {commercially available from Imping, Inc. of Seattle,

Washington} which 1s a near field only tag that has a chip with a loop antenna and patterned
elongated conductors to allow for capacitive coupling of the loop to a far field antenna. It 1s
noted that the loop antenna 202 allows for communication in the near field reactive sub-region
106, and the conductors 214 and 216 allow for communication in the near field radiating sub-
region 104, Like the devices ot FIGS. 2B and 2, while there i1s some additional conductive
material apart from the loop 202 {(1.e., the conductors 214 and 216}, on 1ts own, the near field

only RFID tag 225 15 only readable in the near field.

(0028} All of the near field only RFID tags of FIGS. 2A-2D are designed to only be
readable in the near field of RFID communication. While the near field only RFID tags of FIGS.
2B-2D mayv be configured to operate and be readable i the far field of RFID communication,

this requires the additional coupling of a far tield antenna.

[0029] It 15 understood that the near field only tags 200, 205, 215, and 225 mayv be
designed to operate with reader antennas operating at a variety of {requencies, such as low
frequency (LF) at 125-134 kHz, high frequency (HF) at 13 .56 MHz, ultra hugh frequency (UHF)

at 860-960 MHz, microwave frequencies at 2.4 and 5.8 GHz, for example.

{0030] Referrimmg now to FIG. 3, an RFID based object tracking system 300 for a moving
conveyor 15 shown. The system 300 mcludes a conveyor system 302 having rollers 304, an
object 306 being conveved and mncluding a near field only RFID tag 310, an RFID tag reader 308
{which may also be referred to as an RFID-tag reader or simply as a reader}, and a control circutt
312 coupled to the tag reader 308, As 15 well known tn the art, the RFID reader 308 1s
configured to “read” any RFID tags {(which may also be referred to as RFID transceivers), such
as an RFID tag withun the operating range of both the RFID reader 308 and the RFID tag. In
some embodiments, the reader 308 s a standard RFID tag reader that can read tags in both the

near field and far field of RFID comypurications.

{3031} fn accordance with several emabodiments, the object 306 ncludes a near field ounly

REID tag (such as shown m FIGS, 2A-213) that 15 applied to the object, e.g , apphied, adhered,

attached, etc., to the object. The reader 308 1s positioned at the conveyor in order to read tags n



CA 02970672 201'7-06-12

WO 2016/109229 PCT/US2015/066277

a near tield of RFID communication as they pass the reader 308. For example, as illustrated, the
reader 308 1s positioned underneath the conveyor path between the rollers 304 of the conveyor
system 302, As the object 306 travels on the rollers 304, since the near field only RF1D tag 310
18 not readable in the far field of RFID communication, the near tield only RFID tag 310 will not
respond to read signals from the reader 308 when the object 15 in the far field range of the reader
308. However, when the near field only RFID tag 310 enters the near field range 314 (e g., the
near field radiating sub-region 104 and the near field reactive sub-region 106 of FiG. 1} of KFiD
communication of the reader 308, the near fieid only RFID tag 310 responds to the read signals
trom the reader 308 and is read by the reader 308. In this case, the object tag 1s read only at
close range 320 trom the reader 308 such that the reader 308 will only be able to read the near
tield only RFID tag of one object at a ime. By using near field only RFID tags 310 as opposed
to the traditional near/tar field tags of the known approaches, the tags of the objects being
conveyed are read one at a time completely eliminating the problems of the known approaches
where objects mav be read mn the far field out of order due to the dielectric properties of the

obiects.

{3032} The reader passes the read information to the control circuit 312 which processes
reads of the near field only RFID tags 310 by the RFID reader 308 to determine an order of the
objects being conveyved. In these embodiments, the order of the objects moving on the conveyor
system 1s stmply the order that the near field only REFID tags 310 of the objects are read. No
additional processing mmvolving evaluations of phase shift, signal strength, eic. 1s needed to filter

other tags read by the reader 303,

{3033} In some embodiments, the control circuit 312 recewves an mdication of a read time
when a read response 1s recerved at the RFID reader 308 and this read time mformation 15 used
by the control circuit 312 to determine the order of the objects on the moving conveyor. In some
embodiments, the control circust 1s part of a networked computer system coupled to the reader
303 and configured to identity and track the plurality of objects moving on the conveyor system.
in some embodiments, the control circuit 312 automatically recerves read responses from the
reader 308 and automatically processes the read responses to determine an order of the plurality

of objects being conveved on the conveyor system.
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{3034} FIG. 4 illustrates a system 400 that 1s a variation of the system 300 of FI(z 3
wherein the conveyor system ncludes a conveyor belt 402 moving about rollers 404, In these
embodiments, the RFID reader 308 is positioned underneath the conveyor belt 402 such that it
can read the near field only RFID tags 310 of the objects passing overhead on the conveyor belt
402. Other features of the system of Fi(s. 4 are sumtlar to those of FI{z. 3 and are not discussed

further.

1 3035] In the systems of FIGS. 3 and 4, the objects each include a near field only RFiD
tag associated therewith and that identitfies the object. In some cases, the near field only RFID
tags 310 are encoded with an electronic product code (EPC) to 1identify the object. Each near
field only RFID tag 310 1s not coupled to a far field antenna; thus, 1t 1s not readable 1n a far field
of RFID communication and communicates only in a near field of RFiD communication. In
some embodiments, 10 order to be easily read in the near field range 314 of the reader, the near
tield only RFID tags 310 are proxamate to {e.g., at or on} a bottom portion of the object. In some
cases, the near field only RFID tag 310 15 apphied to an exterior bottom surface of the object 306,
In other cases, the tag 310 15 applied to an inner surface of the object 306. The objects 306 each
may a single item or may be a collection or package of ifems, or may be a container contaming
multiple items, and so on. Items may be products intended to be sold to consumers and may
have differing dielectric properties. When the object 306 1tself 1s a container, the near field only
RFID tag umiquely identifies the container as a contamner of the item, e.g., a case pack encoded
tag. In some embodiments, the items within a contamner may themselves imclude identifving
RFID tags, such as tradstional near field/tar field tags. Contamer tags may be distinguishable
trom stem tags, e.g., the {Ds of the object/container tags inchude mformation so that the control
circuit can determune that the read tag 15 a contamner. Since the near field only RFID tags may be
easuy read in order by the reader 308, the objects may be objects of multiple different sizes
and/or have multiple ditterent dielectric characteristics. With the use of near field only RFID
tags on the objects, the tracking system can reliably seguence objects traveling on the conveyor

at typical distribution center convevor speeds, such as about 600 feet per second.

{3036} Reterring next to FIGS. S and 6, side and top down view diagrams are shown of
another RFID based object tracking system for a moving convevor in accordance with several

embodiments. In these embodiments, multiple objects 306 are moving on the convevor 502 that
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are 10 be sequenced. In these embodiments, the objects 306 are containers that themselves
contain one or more items, one or more of which include thewr own dentifying RFID tags. As
described above, each obiect includes a near field only RFID tag 310 which 1s read by the reader
308 when the near field only RFID tag passes within the near field range of the reader 308, As
described above, the reader 308 1s coupled to the control circuit 312 which uses the read

information to sequence the objects.

100371 However, it may be more challenging to read the near field only RFID tags 310 of
the objects 306 when the items within the objects are tagged with RFID tags. That 15, the reader
308 will also read the tags of the items within the objects. These R¥FID tags are conventional
tags that may be read i1n the near and far fields. Thus, the reader will be able to read many tags n
the approaching objects 306. As the number of tags in the read ranger increases, it 1s more
ditticult to process the read tags. A conventional reader can read about 200 tags per second, and
conventional conveyors of distribution centers move very fast, e.g., about 600 feet per second. It
becomes more challenging to read and filter the near field only RFID tag reads from the many
other tags being read at the same time. Thus, 1n some embodiments, 1t 18 desired to quiet tags
that not needed n the sequencing process. According, in some embodiments, an additional tag
reader S006 1s provided upstream relative to the direction of movement from the reader 308, As
shown, the additional reader 506 1s mounted on a support structure 504 and duected toward the
incoming objects 306, In some emnbodiments, the additional reader 506 broadcasts signaling 5106
to any RFID tags that are capable of be read or receiving signaling 1n the far hield of RFQD
commumications. In the dlustrated embodiment, the additional reader 306 1s mounted high
enough such that the near field only R¥FID tag 310 cannot respond to the signaling. This
signalimg 510 1s intended to atiempt to fransition the REFID tags of the ttems within the obiects
306 to a non-readable state prior to the objects 306 being conveved into a far field read range of
the RFID reader 308. For example, the signaling 310 includes read state change command
signals that cause any receiving RFID tag to transition to the non-readable state in response
thereto according to the RFID communication protocol. In another example, the signaling 510
includes read signals to attempt to read the RFID tags of the items in the objecis 306 in the far
field of RFID communications. Any recerving tag will respond to the read signal and then

transition to the non-readable state. For example, fags encoded according to the Electronic
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Product Code (EPC) Global Standard operating in tnventory state session 2 or 3 of the EPC
Radio-Frequency Identity Protocols Class-1 Generation-2 UHF RFID Protocol for
Communications at 8360 MHz-960 Mtz Version 1.0.9 (which s incorporated herein by
reterence} will transition to a non-readable state for a period of time unfil they lose power.
During this period of time, the REID tag will not respond to read signals. The tag will then lose
power, and automatically return o a readable state. A tvpical tag will stay quiet for about 10-15
seconds before losing power. In any event, based on the signaling 510, 1t 1s intended that the
magority if not all RFID tags of the items contained within the objects are transitioned 1o a non-
readable state (the tags are “quieted”} prior to reaching the far field read range of the reader 308
Thus, when the reader 308 15 attempting to read the near field only tags of the objects 306, the
reader 308 does not also read the REID tags of the items (since they are quieted). In the event
that one or more RFID tags are not transitioned to the non-readable state when they reach the far
tield range of the reader 308 and are read, the reader 308 and/or the control circuit 312 15
configured to discard the tags reads that do not identify an object 306 as a container of items. In
some embodiments, multiple additional readers 5006 are positioned upstream from the reader 308
to mcrease the likelihood that the RFID tags of the items are quieted. In the event that the
signaling 510 includes read signals, the reader 506 may or may not make use of the read tag IDs
depending on whether the addstional reader 510 mncludes a purpose other than to quiet the item
tags that are readable in the far field. Thus, tn some embodiments, the reader 306 discards or

ignores read tag [Ds.

3038} In some embodiments, a distance 508 between the reader 308 and the additional
reader/s 510 about the conveyor path 13 determuned such the RFID tags of the plurality of items
contained within a given object will receive the signaling trom the additional RFID reader 510

prior 1o the RFID tags of the ttems being readable by the reader 308, This distance 508 may be
determined based at least on the speed ot the conveyor system and the duration of time that the

guieted tags will remain quiet.

{30391 FI(G 7 idlustrates one embodiment of a control circutt such as generally shown in
FIGS. 3-6. The control circunt 700 mcludes a processor 702, a memory 704, an input/ocutput
{(1/0) interface 706 {e.g., a backend mterface) and an optional user interface 708 (e.g., a frontend

intertace). Generally, the memory 704 stores the operational code or set of instructions that is
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executed by the processor 702 to implement the functionality of the control circutt. The memory
704 also stores any particular data that may be needed to make any of the determinations
described heremn. Such data may be pre-stored i the memory or be recetved, for example, from
a central computer system (e.g., a distribution center or inventory management computer system)
during use. It 1s understood that the processor 702 may be implemented as one or more
processor devices as are well known 1n the art. Sumilarly, the memory 704 may be implemented
as one or more memory devices as are well known in the art, such as one or more processor
readable and/or computer readable media and can include volatile and/or nonvolatile media, such
as RAM, ROM, EEPROM, flash memory and/or other memory technology. Further, the
memory 704 1s shown as internal to the control curcuit 700; however, the memory 704 can be
internal, external or a combination of internal and external memory. Additionally, the control

circuit mav include a power supply {not shown} or it may receive power from an external source.

[ B040¢ The processor 702 and the memory 704 may be integrated together, such as na
microcontroller, application specification integrated circutt, field programmable gate array or
other such device, or may be separate devices coupled together. The /0 interface 706 allows
communicational coupling of the control circuit to external components, such as a central
computer system and/or any user devices. Accordingly, the /O interface 706 may include any
known wired and/or wireless interfacing device, circuit and/or connecting device. In some
erunbodiments, a user mterface 708 15 mcluded in the conirol circuit 700 which may be used for
user mput and/or output display. For example, the user interface 708 may mclude any known
mput devices, such a butfons, knobs, selectors, switches, keys, touch mnput surfaces and/or
displays, etc. Additionally, the user mterface 708 may include one or more output display
devices, such as lights, visual indicators, display screens, etc. to convey information {0 a user,
such as any sequencing mformation determined by the control circunt 700. The control circunt
700 1s configured to communicate with the reader 308 {o control 1ts operation and to receive
information tfrom the RFID reader 308 regarding the reading of the near field only RFID tags 310
of the objects 306. While Fi{s. 7 illustrates the RFID reader 308 being coupled {0 the processor
702, 1t 1s understood that the reader 308 may actually be coupled to a communication bus of the

control circutt 700 to which the processor 702 and/or memory 704 may also be coupled.
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{3041} In some embodiments, the control circuit 700 15 imntegrated with or part of the
device or apparatus mciuding the RFID reader 308, In such cases, a function imdicated herein as
being performed by the control circuit 700 may also be performed by the RFID reader 308, In
other embodiments, the control circuit 700 1s separate from and coupled to the K¥FID reader 308
For example, the control circuit 312 may be located at, integrated mto or coupled to a central
distribution center or inventory management computer system. In such cases, the control circuit
700 15 coupled to the reader 308 by one or more wired and/or wireless communication links

using the appropriate communicating devices.

10042} {zenerally, the control circuits 312 and 700 can comprise a fixed-purpose hard-
wired platform or can comprise a partitally or wholly programmable platform. These architectural
options are well known and understood in the art and require no further description here. These
control circutts 312 and 700 are configured (for example, by using corresponding programming
as will be well understood by those skilled in the art) to carry out one or more of the steps,

actions, and/or functions described herem.

| 0043] Referring next to FIG. 8, a flow diagram 1s shown of a method 1 accordance with
several embodiments to track objects moving on a moving conveyor system. One or more
embodiments may be performed using one or more of the systems, readers, and control circuits

described herein

0044 Trutially, a plurality of objects are transported along a convevance path of a
conveyor system, wherein each object includes a near field only RFID tag {e.g., near field only
RFID tag 200, 205, 215, 225, 310} associated therewith and identifying the object (Step 802}
Each near field only R¥FID tag s not coupled to a tar field antenna such that 1t 15 not readable n a
far field of RYFID communication and communicates only m a near figld of RFID
commurication. In some embodiments, the near tield only REFID tag uniquely identifies 1ts
corresponding object. In some embodiments, the near field only REID tag of each object 1s
posifioned at or proximate 1o a bottom surtace of the object. In some embodiments, the objects

have one or both of different sizes and different dielectric characteristics.

{3045} Optional step 804 will be described after describing steps 806-810. Then, a first

RFID tag reader {e.g., reader 308} positioned relative o a first portion of the conveyor system
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sends read signals to attempt to read the near field only RFID tag of each object (Step 806}, In
some embodiments, the first RFID tag reader 1s positioned underneath the conveyor system at
the first portion of the conveyor system such that the near field only RF1D tags will be able to
respond to read signals in the near tield of RFID communication as the objects pass over the first

RFID reader.

(0046] Next, the first RFID reader receives responses from the near field only RFID tag
of each object when the near field only RFID tag 1s within the near field of RFID

communications of the first R¥ID reader (Step 808),.

10047} Next, a control circuit recerves information corresponding to the read tags and
automatically processes the responses from the near field only RFID tags to determine an order
of the objects being conveved (Step 810). Since the near field only R¥ID tags are only readable
in the near field, the order of reading the objects indicates the order of the objects on the
conveyor. The information received from the reader may include a read time indication to
indicate the time at which the tag was read. This read time mformation can be used in the

processing by the conirol circuit to determine the order or sequence of the objects.

{04381 In the event the objects are containers that contain one or more items that
themselves mav be tagged with identifying RFID tags that may be read in the far field, optional
step 804 may be performed. That 15, one or more additional RFID tag readers positioned
upstream along the path of conveyance relative to the first portion of the convevor system
including the first reader, broadcast signals to the RFID tags of the items 1n the far field to
attempt to transition these RFID tags to a non-readable state prior to the objects bemng conveyed
into a far field read range of the first REID reader (Step 804}, In some embodiments, this
broadcast signaling attempis to quiet the 1tems tags s0 that they do not hinder the first tag
reader’s ability to read the near field only REID tags of the objects. In some emboduments, the
signalimg imcludes read signals which will cause the recerving RFID tags to respond and go to a
non-readable state for g period of time such as described heremn. In other embodiments, the
signaling mcludes read state change command signals that will cause the item tags to transition
to the non-readable state. If the additional readers are successful, most if not all of the item
RFID tags will be quieted when the objects reach the far field range of the first RFID tag reader.

in the event not all tags are quieted, the tirst RFID tag reader and/or the control circutt are



CA 02970672 201'7-06-12

WO 2016/109229 PCT/US2015/066277
16

configured to discard any read of the item tags. The positioning of the additional readers relative

to the first reader may be configured as described herein.

{3049} In some embodiments, apparatuses and methods are provided herein usetul o
track objects on a moving conveyor system. In some embodiments, an RFID based tracking
system comprises: a conveyor system configured to move and transport a plurality of objects
along a conveyance path, wherein each of the plurality of objects includes a near field only RFID
tag associated therewith and dentifving the object, wherein each near field only RFID tag 15 not
coupled to a far tield antenna such that it 15 not readable 1n a far field of KFi{D communication
and communicates only in a near field of RFID communication; a first RFID tag reader
positioned relative to a first portion of the conveyor system and configured to attempt to read the
near field only R¥FID tag of each of the plurality of objects; and a control circuit contigured to
process reads of the plurality of near field only RFID tags by the first RFID reader to determine

an order of the plurality of objects bemng conveved.

[0S0 In some embodiments, a method of method of tracking objects using radio
trequency identification {RFID)} commumications, the method comprises: fransporting a plurality
of objects along a conveyance path of a conveyor system, wherein each of the plurality of objects
includes a near field only RFID tag associated therewith and identitving the object, wherein each
near field only RFID tag 1s not coupled to a far field antenna such that it 1s not readable 1n a far
tield of RFID communication and communicates only i a near field of RFID communication;
sending, by a first RFID tag reader positioned relative o a first portion of the conveyor system,
read stgnals to attempt to read the near field only RFID tag of each of the plurality of objects;
receiving, by the first RFID reader, responses from the near field only RFID tag of each of the
plurality of objects when the near field only RFID tag s within the near field of RFID
communications of the first RFID reader; and processing, by a control circust, the responses from
the plurality of near tield only RFID tags to determune an order of the plurality of objects being

conveyed.

{3051} in some embodiments, an apparatus and a corresponding method performed by
the apparatus, comprises: a networked control circust coupled to a memory device and
configured to: automatically receive a read response received at a tirst radio frequency

identification (RFID) reader from a near field only RFID tag of each of a plurality of objects
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being transported by a conveyor system along a convevance path, each near field only RFID tag
associated with and identifving a given one of the plurality of objects, and each near field only
RFID tag being not coupled to a far field antenna such that it 1s not readable in a far field of
REID communication and communicates only in a near field of RFID communication, wherein
the first RFi{) reader 1s positioned relative to a first portion of the conveyor system in order that
the near field only RFID tag of each of the plurality of objects responds to a read signal from the
tirst RFID reader when the near field only RFID tag 15 within the near field of RFID
communication of the first RFID reader; and automatically process the read response of each of
the plurality of objects to determine an order of the plurality of objects being conveved on the

COnVEYOor systen.

10032] Those skilled 1n the art will recognize that a wide variety of other modifications,
alterations, and combinations can also be made with respect to the above described embodiments
without departing from the scope of the invention, and that such modifications, alterations, and

combinations are to be viewed as being within the ambait of the inventive concept.
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CLAIMS

What 1s claimed i1s:

1. A radio frequency identification (RFID) based tracking system comprising;

a convevor system configured to move and transport a plurality of objects along a
conveyance path, wherein each of the plurality of objects inchudes a near field only RFID tag
associated therewith and identifving the object, wherein each near field only RFID tag 15 not
coupled to a far tield antenna such that it 15 not readable 1n a far field of KFID communication
and communicates only in a near field of RFID communication;

a first RFID tag reader positioned relative to a first portion of the conveyor system and
configured to attempt to read the near field only RFID tag of each of the plurality of objects; and

a control circuit configured to process reads of the plurality of near field only RFID tags

by the first RFID reader to determine an order of the plurality of objects being conveved.

2. The system of claim 1 wherein each of the plurality of objects comprises a container
containing a plurality of items therein, and each of the plurality of ttems includes an RFID tag
associated therewith, identitving the item, and configured to be read in the near field and the far

field of RFID communication.

3. The system of claim 2 further comprising:

one or more additional RFID tag readers positioned relative to a second portion of the
conveyor system that 1s upstream along the path of convevance relative to the first portion of the
conveyor system and 1s configured to broadcast signaling to the RFID tag of each of the plurality
of items i the far field of RFID communications to attempt to transition the RFID tags to a non-
readable state prior to the objects being conveyed into a far field read range of the first RFID

reader.

4. The system of claim 3 wherein the one or more additional RFID tag readers broadcast

read signals to attempt to read the RFID tag of each of the plurality of items in the far field of
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RYID communications, the RFID tag of each of the plurality of ttems being configured to

transition to the non-readable state after responding to a read signal.

5. The system of claim 3 wherein the one or more additional RFID tag readers broadcast
read state change command signals, the RFID tag of each of the plurality of items being
contigured to transition to the non-readable state in response to recerving a read state change

command signal.

6. The system of claim 3 wherein the control circuit 15 configured to discard reads of any

of the RFID tags of the plurality of items read by the fust RFID reader.

7. The system of claim 3 wherein the second location and the first location of the
conveyor system are separated a distance, such that the RFID fags of the plurality of tems
contained within a given object will recerve the signaling trom the one or more additional RFID
readers prior to the RFID tags of the plurality of items contained within the given object being

readable by the fust RFID reader.

8. The system of claim 1 wheremn the first RFID reader 15 contigured to read RFID tags

in the near field of RFID communication and in the far field of RFID communication.

9. The system of clamm 1 wheremn each near field only RFID tag umiquely identifies s

corresponding one of the plurality of objects.

10. The system of claim 1 wherein the near field only RFID tag of each of the plurality

of objects 1s positioned at or proximate to a bottom surface of the object.

11. The system of claim 1 wherein the first RFID tag reader 1s positioned underneath the
conveyor system at the first portion of the conveyor system such that the near field only RFID
tags will be able to respond to read signals from the first RFID reader in the near field of RFiD

communication as the plurality of objects pass over the first RFID reader.
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1Z2. The system of claim | wherein the plurahity of obyects comprise objects having one

or both of a plurality of ditterent sizes and a plurality of difterent dielectric characteristics.

i3. The system of ciaim 1 wherein the control circutt 15 configured to:

receive an indication of a read time when a read response 1s recewved at the tust RFID
reader from the near field only RFID tag of each of the plurality of objects; and

process the indication of the read time and a read response of each of the pluraiity of

obiects to determine the order of the plurality of objects being conveved.

i4. A method of tracking objects using radio frequency identification (RFID)
communications, the method comprising:

transporting a plurality of objects along a conveyance path of a conveyor system, wherein
each of the plurality of objects mcludes a near field only RFID tag associated therewith and
identitving the object, wherein each near field only RFID tag 15 not coupled to a far field antenna
such that 1t 1s not readable 1n a far field of RFID commaunication and communicates onlv 1n a
near field of RFID communication:

sending, by a first RFID tag reader posttioned relative to a first portion of the conveyor
system, read signals to attempt to read the near field only RFID tag of each of the plurality of
objects;

recetving, by the first RFID reader, responses trom the near field only RFID tag of each
ot the plurality of objects when the near field only RFID tag 1s within the near field of RFID
communications of the first RFID reader; and

processing, by a control circutt, the responses from the plurality of near tield only RFiD

tags to determine an order of the plurality of objects being conveved.

15 The method of claim 14 wherein each of the plurality of objects comprises a
container contamming a plurality of items therein, and each of the phlurality of items includes an
REID tag associated therewith, identityving the item and configured to be read in the near field

and the far field of RFID comumunication.
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16, The method of claim 135 further comprising:

broadcasting, by one or more additional RFID tag readers posttioned relative to a second
portion of the conveyor system that 15 upstream along the path of conveyance relative to the first
portion ot the conveyor system, signals to the KFID tag of each of the plurality of items 1n the far
field of RFID communications to attempt to transition the RFID tags to a non-readable state prior

to the objects being conveved into a far field read range of the first RFID reader

17. The method of claim 16 wherein the signals comprise read signals {o attempt to read
the RFID tag of each of the plurality of ttems i the far field of RFID communications, wherein
the method further comprises transitioning the one or more RFID tags of the plurality of items to

the non-readable state after responding to a read signal.

18 The method of claim 16 wheremn the signals comprise read state change command
signals, the RFID tag of each of the plurality of items being configured to transition o the non-

readable state in response to receiving a read state change conunand signal.

19, The method of clamm 16 turther comprising discarding, by the control circutt, reads

of any of the RFID tags of the plurality of ttems read by the tirst RFID reader.

20, The method of claim 16 wherein the second location and the first location of the
conveyor system are separated a distance, such that the RFID tags of the plurahity of items
contained within a given object will receive the signals from the one or more RFID readers prior
to the RFID tags of the plurality of items contained within the given object being readable by the

first RFID reader.

21. The method of claim 14 wherein the first RFID reader 15 configured to read RFID

tags 1n the near field of RFID communication and n the far field of RFID commumnication.
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22. The method of claim 14 wherein each near field only RFID tag umquely identifies its

corresponding one of the plurality of objects.

23. The method of claim 14 wherein the near field only RFID tag of each of the plurality

ot objects i1s positioned at or proximate to a bottom surface of the object.

24 The method of claim 14 wherein the first KFID tag reader 15 positioned underneath
the convevor system at the first portion of the conveyor system such that the near field only
RFID tags will be able to respond to read signals from the first RFID reader in the near field of

RIID comnmunication as the plurality of objects pass over the first REF1D reader.

25. The method of claim 14 wheremn the plurality of objects comprise objects having one

or both of a plurality of different sizes and a plurality of ditferent dielectric characteristics.

26. The method of claim 14 further comprising:

receiving, by the control circuit, an mndication of a read time when a read response 15
received at the first RFID reader from the near field only RFID tag of each of the plurality of
objects; and

wherein the processing step comprises processing, by the control circust, the indication of
the read tume and a read response of each of the plurality of objects to determine the order of the

plurality of objects being conveyed.

27. An apparatus comprising:
a networked control circuit coupled to a memory device and configured to:
automatically receive a read response received at a first radio frequency
identification (RFID) reader from a near field only RFID tag of each of a plurality of objects
being transported by a conveyor system along a conveyance path, each near field only RFID tag
associated with and identifving a given one of the plurality of objects, and each near tield only
RFID tag being not coupled to a far field antenna such that it 1s not readable 1n a far field of

RFID communication and communicates onlv in a near field of RFID communication, wherein
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the first RFID reader 1s positioned relative to a first portion of the conveyor system in order that
the near field only RFID tag of each of the plurality of objects responds to a read signal from the
tirst RFID reader when the near field only RFID tag 15 within the near field of RFID
communication of the first RFID reader; and

automatically process the read response of each of the plurality of objects to

determine an order of the plurality of objects being conveved on the convevor system.

Z22. The apparatus of claim 27 wherein the networked control circuit s configured to:

automatically receive an indication of a read time when the read response is received at
the first RFID reader from the near field only RFID tag of each of the plurality of objects; and

automatically process the indication of the read time and the read response of each of the
plurality of objects to determine the order of the plurality of objects being conveyed on the

CONVeyor system.

29, The system of claim 27 wheremn each of the plurality of objects comprises a
container containing a plurality of items therein, and each of the plurality of items mnciudes an
RFID tag associated therewith and corresponding thereto, and wherein one or more additional
REID readers are used to broadcast signaling to attempt to transition the RFID tag of each of the
plurality of items to a non-readable state betore the first RFID reader can read the RFID tag of
cach of the plurality of tems, and

wherein the networked control circut s contigured to automatically discard reads of any
ot the RFID tags of the plurality of items read by the first RFID reader that were not transitioned

to the non-readable state.

30. A method comprising:
by a networked control circuit coupled to a memory device,
automatically receiving a read response received at a first radio frequency
identification (RFID) reader from a near field only RFID tag of each of a plurality of objects
being transported by a conveyor system along a convevance path, each near field only RFID tag

associated with and identifving a given one of the plurality of objects, and each near field only
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RFID tag being not coupled to a far tield antenna such that it 1s not readable n a far field of
RFID communication and communicates only in a near field of RFID communication, wherein
the first RFi{) reader 1s positioned relative to a first portion of the conveyor system in order that
the near field only RFID tag of each of the plurality of objects responds to a read signal from the
tirst RFID reader when the near field only RFID tag 15 within the near field of RFID
communication of the first RFID reader; and

automatically processing the read response of each of the plurality of objects to

determine an order of the plurality of objects being conveved on the conveyor system.
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transporting objects on a conveyor system, each object having a near field
only RFID tag not readable in a far field of RFID communication and which
communicates oniy in a near field of RFID communication
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1 broadcasting, by an upstream RFID tag reader sagnais to the RFID tag of any
. items contained within the objects to attempt to transition the item RFID tags
a to a non-readable state s
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sending, by a first RFID tag reader, read signals to attempt to read the near
field only RFID tag of each object
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receiving, by the first RFD reader, responses from the near field only RFID tag
of each object when the near field only RFID tags are within the near field
range of the first RFID reader
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automatically processing, by a control circuit, the responses from the near
field only RFID tags to determine an order of the objects being conveyed
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