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Description

TECHNOLOGICAL FIELD

[0001] Example embodiments of the present disclo-
sure relate generally to radio frequency identification
(RFID) systems, and, more particularly, to method, sys-
tem and apparatus for locating RFID tags.

BACKGROUND

[0002] RFID (Radio Frequency Identification) is a radio
frequency technology that may be utilized to acquire,
store and manage all the necessary information related
to an object attached to an RFID tag. RFID systems are
massively used in a variety of application areas, such as
identity management, access management, item track-
ing, and the like. EP1725889 discloses a multi-resolution
object location system and method. The multi-resolution
system and method uses a long-range object locator to-
gether with a more precise RFID locator to efficiently and
accurately determine the location of objects that include
an RFID tag. The long-range object locator has a rela-
tively longer range and can cover a relatively large area
to determine the general location of the object within the
large area. The RFID locator has a relatively shorter
range, but is able to locate the object more precisely. The
object location system uses the long-range locator to first
determine the general location of the object, and then
the RFID locator is used to determine a more accurate
location of the object. Thus, the multi-resolution object
location system is able to provide both a long range lo-
cation of objects over a large area and a precise location
of objects.
[0003] Applicant has identified a number of deficien-
cies and problems associated with conventional RFID
systems. Through applied effort, ingenuity, and innova-
tion, many of these identified problems have been solved
by developing solutions that are included in embodiments
of the present disclosure, many examples of which are
described in detail herein.

BRIEF SUMMARY

[0004] The invention is defined in the independent
claims, to which reference should now be made. Advan-
tageous features are set out in the subclaims. A system
and method for locating RFID tags are disclosed herein.
An RFID reader system includes an RFID reader, oper-
able at a high frequency band, a radio transceiver device,
operable at a low frequency band, and a main control
unit. The RFID reader is configured to receive a first back-
scattered signal at the high frequency band from an RFID
tag in response to transmission of a first RF interrogation
signal. The RFID reader is further configured to deter-
mine a first phase angle of the received first backscat-
tered signal. The radio transceiver device is configured
to receive a second backscattered signal at the low fre-

quency band from the RFID tag in response to transmis-
sion of a second RF interrogation signal, further, the
transceiver device is configured to determine a second
phase angle of the received second backscattered sig-
nal. The main control unit, coupled to the RFID reader
and the radio transceiver device, is configured to deter-
mine a plurality of first distances between the RFID read-
er and the RFID tag based on the first phase angle de-
termined by the RFID reader. The main control unit is
further configured to determine a second distance be-
tween the RFID reader and the RFID tag based on the
second phase angle determined by the radio transceiver.
Based on the determined second distance, the main con-
trol unit is configured to select one of the plurality of first
distances as a final distance between the RFID reader
and the RFID tag. In some embodiments, the selected
first distance is nearest to the determined second dis-
tance.
[0005] The RFID reader is operable at a high frequency
band and the radio transceiver device is operable at a
low frequency band. Consequently, a first wavelength of
the first RF interrogation signal is shorter than a second
wavelength of the second RF interrogation signal.
[0006] In some embodiments, the transmission of the
second RF interrogation signal may be simultaneous to
the transmission of the first RF interrogation signal. In an
alternative embodiment, the second RF interrogation sig-
nal and the first RF interrogation signal may be transmit-
ted in time alternating manner. In some embodiments,
the first backscattered signal and the second backscat-
tered signal may be transmitted simultaneously by the
RFID tag. In another embodiment, the first backscattered
signal and the second backscattered signal may be trans-
mitted at time-based intervals.
[0007] In some embodiments, the first RF interrogation
signal and/or the second RF interrogation signal are con-
figured to energize the RFID tag in the RFID system,
wherein the energized RFID tag is utilized to power a first
antenna structure and a second antenna structure
through a feed terminal in the RFID tag.
[0008] In some embodiments, the tag antenna of the
RFID tag may be tuned to be operable at different fre-
quency bands. In another embodiment, the tag antenna
of the RFID tag may include different sub-antennas, each
sub-antenna being configured for a corresponding fre-
quency band.
[0009] In some embodiments, the RFID tag from a plu-
rality of RFID tags may include a tag antenna. The tag
antenna may further include a first antenna structure, op-
erable in a first frequency band, configured to generate
the first backscattered signal based on the received first
RF interrogation signal. Further a second antenna struc-
ture, operable in a second frequency band, may be con-
figured to generate a second backscattered signal based
on the received second RF interrogation signal. In some
embodiments, the first antenna structure may be elec-
tromagnetically coupled to the second antenna structure.
The first antenna structure may be configured to back-
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scatter high frequency band signals and the second an-
tenna structure may be configured to backscatter low fre-
quency band signals.
[0010] In some embodiments, a tag antenna of the
RFID tag comprises different sub-antennas, each sub-
antenna being configured for a corresponding frequency
band.
[0011] In some embodiments, the phase information
of the second backscattered signal is unique at a distance
up to half of wavelength of the second RF interrogation
signal. In some embodiments, the RFID tag may be fur-
ther configured to communicate information to the RFID
reader via the first backscattered signal and/or the sec-
ond backscattered signal.
[0012] In some embodiments, a first signal processor
in the RFID reader may be configured to determine the
first phase angle of the received first backscattered signal
and transmit the determined first phase angle to the main
control unit. In another embodiment, a second signal
processor in the radio transceiver device is further con-
figured to determine the second phase angle of the re-
ceived second backscattered signal and transmit the de-
termined second phase angle to the main control unit.
[0013] In some embodiments, the second signal proc-
essor in the radio transceiver device is further configured
to determine the second phase angle of the received sec-
ond backscattered signal; and transmit the determined
second phase angle to the main control unit.
[0014] In some embodiments, the main control unit
may be further configured to cause the determined final
distance between the RFID reader system and the RFID
tag to be displayed at a user interface on a display of the
RFID reader system. In another embodiment, the main
control unit is further configured to transmit the deter-
mined final distance between the RFID reader system
and the RFID tag, through a communication network, to
a remote processing device operable in a specific appli-
cation area.
[0015] In some embodiments, a method for determin-
ing radio frequency identification (RFID) tag distance is
provided as defined in the independent method claim 11.
In some embodiments, the method may further comprise
determining a position of the RFID tag based on the de-
termined final distance between the RFID reader system
and the RFID tag. In an embodiment, the determined
position of the RFID tag is unambiguous, unique, and
precise due to an approximate distance that is deter-
mined based on the second phase angle of the received
second backscattered signal, and a refined distance that
is determined based on the first phase angle of the re-
ceived first backscattered signal.
[0016] In some embodiments, the transmission of the
second RF interrogation signal is simultaneous to the
transmission of the first RF interrogation signal. In some
embodiments, the transmission of the second RF inter-
rogation signal is in time alternating manner with respect
to the first RF interrogation signal.
[0017] In some embodiments, the selection of the one

of the plurality of first distances is based on proximity to
the determined second distance.
[0018] In some embodiments, the method further com-
prises causing the determined final distance between the
RFID reader system and the RFID tag to be displayed at
a user interface on a display of the RFID reader system.
[0019] In some embodiments, the method further com-
prises transmitting, through a communication network,
the determined final distance between the RFID reader
system and the RFID tag to a remote processing device
operable in a specific application area.
[0020] The above summary is provided merely for pur-
poses of summarizing some embodiments to provide a
basic understanding of some aspects of the disclosure.
Accordingly, it will be appreciated that the above-de-
scribed embodiments are merely examples and should
not be construed to narrow the scope of the disclosure
in any way. It will be appreciated that the scope of the
disclosure encompasses many potential embodiments
in addition to those here summarized, some of which are
further explained within the following detailed description
and its accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The description of the illustrative embodiments
may be read in conjunction with the accompanying fig-
ures. It will be appreciated that for simplicity and clarity
of illustration, elements illustrated in the figures have not
necessarily been drawn to scale. For example, the di-
mensions of some of the elements are exaggerated rel-
ative to other elements. Embodiments incorporating
teachings of the present disclosure according to one or
more embodiments of the present disclosure are shown
and described with respect to the figures presented here-
in, in which:

FIG. 1 illustrates a schematic block diagram of an
RFID system, according to one or more embodi-
ments of the present disclosure described herein;
FIG. 2 illustrates a component diagram of a dual-
band tag antenna of one of a plurality of RFID tags
in the RFID system, according to one or more em-
bodiments of the present disclosure described here-
in;
FIGS. 3A-3C illustrate different views of an RFID ap-
paratus, according to one or more embodiments of
the present disclosure described herein;
FIG. 4 illustrates a data collection system including
an RFID system, according to one or more embod-
iments of the present disclosure described herein;
FIG. 5 illustrates a component-level diagram of some
embodiments of the RFID apparatus, according to
one or more embodiments of the present disclosure
described herein;
FIGS. 6A and 6B illustrate graphical representations
of unwrapped and wrapped first phase angles of first
backscattered signal in high frequency bands (for

3 4 



EP 3 608 827 B1

4

5

10

15

20

25

30

35

40

45

50

55

example UHF), according to one or more embodi-
ments of the present disclosure described herein;
FIGS. 6C and 6D illustrate graphical representations
of unwrapped and wrapped second phase angles of
second backscattered signal in low frequency bands
(for example HF), according to one or more embod-
iments of the present disclosure described herein;
FIGS. 6E and 6F illustrate graphical representations
of wrapped first phase angles and second phase an-
gles, based on which the unique tag distance be-
tween an RFID reader system and an RFID tag is
determined according to one or more embodiments
of the present disclosure described herein;
FIG. 7 illustrates an example scenario that depicts
the operation of the RFID system in a warehouse
facility, according to one or more embodiments of
the present disclosure described herein;
FIGS. 8A-8D illustrate flowcharts describing opera-
tions of the RFID system for determining location
information of the plurality of RFID tags, according
to one or more embodiments of the present disclo-
sure described herein; and
FIGS. 9A and 9B illustrate flowcharts depicting a
method for generating backscattered signals by an
RFID tag, according to one or more embodiments of
the present disclosure described herein.

DETAILED DESCRIPTION

[0022] Some embodiments of the present disclosure
will now be described more fully hereinafter with refer-
ence to the accompanying drawings, in which some, but
not all embodiments of the disclosure are shown. Indeed,
these disclosures may be embodied in many different
forms and should not be construed as limited to the em-
bodiments set forth herein; rather, these embodiments
are provided so that this disclosure will satisfy applicable
legal requirements. Like numbers refer to like elements
throughout. Terminology used in this patent is not meant
to be limiting insofar as devices described herein, or por-
tions thereof, may be attached or utilized in other orien-
tations.
[0023] The term "comprising" means including but not
limited to, and should be interpreted in the manner it is
typically used in the patent context. Use of broader terms
such as comprises, includes, and having should be un-
derstood to provide support for narrower terms such as
consisting of, consisting essentially of, and comprised
substantially of.
[0024] The phrases "in one embodiment," "according
to one embodiment," and the like generally mean that
the particular feature, structure, or characteristic follow-
ing the phrase may be included in at least one embodi-
ment of the present disclosure, and may be included in
more than one embodiment of the present disclosure (im-
portantly, such phrases do not necessarily refer to the
same embodiment).
[0025] The words "example" and "exemplary" are used

herein to mean "serving as an example, instance, or il-
lustration." Any implementation described herein as "ex-
emplary" or "example" is not necessarily to be construed
as preferred or advantageous over other implementa-
tions.
[0026] If the specification states a component or fea-
ture "may," "may," "could," "should," "would," "prefera-
bly," "possibly," "typically," "optionally," "for example,"
"often," or "might" (or other such language) be included
or have a characteristic, that particular component or fea-
ture is not required to be included or to have the charac-
teristic. Such component or feature may be optionally
included in some embodiments, or it may be excluded.
[0027] For the purposes of this description, a general
reference to "memory" refers to memory accessible by
the processors including internal memory or removable
memory plugged into the device and memory within the
processors themselves. For instance, memory may be
any non-transitory computer readable medium having
computer readable instructions (e.g., computer program
instructions) stored thereof that are executable by a proc-
essor.
[0028] An RFID reader in the RFID system transmits
interrogation signals in form of electromagnetic waves to
hundreds and thousands of RFID tags disposed on re-
spective objects located in a read zone. In response to
the interrogation signals, the RFID tags perform back-
scattering modulation by modulating a magnitude and a
phase of scattered electromagnetic wave of the electro-
magnetic waves transmitted from the RFID reader. The
backscattered modulated electromagnetic waves, com-
prising information about corresponding RFID tags, are
returned to the RFID reader. Accordingly, the RFID read-
er receives and processes information stored in the in-
ternal memory units of the respective RFID tags. If the
RFID tag is a passive tag, the RFID tag also harvests
energy from the interrogation signal from the RFID read-
er.
[0029] There are many types of RFID systems operat-
ing at different frequency bands, for example, 125 KHz-
134 KHz, 13.56 MHz, 433 MHz, and 865 MHz - 930 MHz.
In lower frequency RFID systems (such as 125 KHz-134
KHz and 13.56 MHz), because the frequency of operation
is low, the electric and magnetic fields are varying in-
phase in the region between RFID tags and RFID anten-
nas. The in-phase variation of the electric and magnetic
fields in the region between RFID tags and RFID anten-
nas provide suitable measurements for which locations
of RFID tags may be determined. In high frequency RFID
systems (such as 433 MHz and 865 MHz - 930 MHz),
because the frequency of operation is high and the dis-
tances between RFID tags and antennas are large with
respect to the wavelength of the electromagnetic waves.
However, the in-phase variation is exceptionally high,
which does not provide a suitable base for measuring
tag locations.
[0030] In certain scenarios, the RFID systems may be
configured to determine locations of the RFID tags in
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addition to the identity of the RFID tags. Existing systems
may implement a phase-based localization technique.
However, existing phase-based localization techniques
are not efficient because the wavelength is small (for ex-
ample about 30 cm) at high frequency bands (for exam-
ple, 915 MHz), and the phase of the received RFID tag
signal rolls over - 180/+180 degree each time the tag is
moved half a wavelength towards or away from the RFID
reader. In an example, considering the phase to be "un-
wrapped" (i.e. the phase extends well beyond the
-180/+180 degree limits), the phase of lower frequency
(such as HF) backscattered signals changes from 0 to
180 degrees over the distance range of 6 m. In contrast,
the phase of higher frequency (such as UHF) backscat-
tered signals extends beyond 12,000 degrees for the
same distance range (6 m). Thus, the phase of the higher
frequency backscattered signals changes more rapidly
than the phase of the lower frequency backscattered sig-
nals over a given range of distance traversed by the RFID
tag. Accordingly, locating a higher frequency RFID tag
is a difficult problem as it is technically challenging to
uniquely associate the received phase with the tag loca-
tion.
[0031] In other words, one of the technical limitations
in RFID reader systems configured for phase-based lo-
calization methods is that, at a high frequency band (for
example, 915 MHz), the wavelength is small (for example
about 30 cm), and the phase of the received RFID tag
signal rolls over -180/+180 degree each time the tag is
moved half a wavelength towards or away from the RFID
reader.
[0032] To address these technical problems, the em-
bodiments of the present application provide an RFID
reader system that precisely locate multiple RFID tags.
The proposed RFID reader system comprises an RFID
reader (for example a UHF reader) and an additional low
frequency (such as HF) transmitter/receiver (or trans-
ceiver) connected to the RFID reader. The RFID reader
and the additional low frequency transmitter/receiver col-
lectively interrogate a hybrid RFID tag at both high and
low frequencies (i.e. UHF and HF) simultaneously.
Thereafter, the RFID reader system measures backscat-
ter signals (in both high and low frequency bands) gen-
erated by the hybrid RFID tag. Additionally, the high fre-
quency (i.e. UHF) RF interrogation signals and the low
frequency (i.e. HF) RF interrogation signals power up the
hybrid RFID tag. The lower frequency backscatter signal
is primarily used for locating and resolving the hybrid
RFID tag, and the higher frequency backscatter signal is
primarily used for data communication and, additionally,
for refining the resolved (or approximated) location of the
hybrid RFID tag. The proposed RFID system may be
applicable in a variety of application areas, such as track-
ing automobiles, equipment, parts, components, tools or
other assets in a manufacturing facility or assembling
facility, or in a retail lot, warehouse, vehicle, cargo con-
tainer, storage area, hospital, or other facility in which
tracking of assets is required.

[0033] The proposed RFID system offers several tech-
nical advantages. The main advantage is to provide the
location of a tag when hundreds, maybe even thousands
of tagged objects are in the same area. In addition, such
ability to resolve the location issues comes with little in-
cremental cost. The RFID tag has a low cost and may
use fully passive UHF and HF RFID tag IC technologies.
The long UHF tag range is maintained, and the HF radio
does not need to support any HF RFID protocol (it only
measures the backscatter phase). Hence the complexity
and cost are limited. Both UHF and HF reader antennas
can be low-gain, making it easy to integrate them into
handheld devices.
[0034] Having described example embodiments of the
present disclosure generally, particular features and
functionality of the various devices are hereinafter de-
scribed.
[0035] The components illustrated in the figures rep-
resent components that may or may not be present in
various embodiments of the disclosure described herein
such that embodiments may include fewer or more com-
ponents than those shown in the figures while not de-
parting from the scope of the disclosure.
[0036] FIG. 1 illustrates a schematic block diagram of
an RFID system 100, according to one or more embod-
iments of the present disclosure. As illustrated in FIG. 1,
in an example embodiment, the schematic block diagram
of the RFID system 100 may include an RFID reader
system 102 and a plurality of RFID tags 108. Although
FIG. 1 illustrates five RFID tags 108A-108E, the present
disclosure contemplates that the plurality of RFID tags
108 may include any number of RFID tags, without de-
viation from the scope of the disclosure. The RFID reader
system 102 may include an RFID reader 104 and a radio
transceiver device 106. The RFID reader system 102
may further include a main control unit 110, a main signal
processor 112, a display interface 114, a user input de-
vice 116, a memory 118, and a communication module
120. The RFID reader system 102 may include additional
components as described further in FIG. 5.
[0037] In this regard, each component of the RFID sys-
tem 100 may have one or more respective chipsets or
hardware units. Such chipsets may operate based on a
chipset specification, including parameters or operating
conditions, throughout the description. In this regard, as
described previously, the chipset specification may be
accessible via interpretation or processing of software
code containing hardware specific drivers, and other rou-
tines which drives operation for such chipsets. Addition-
ally, the chipset specification may be indicative of, but
not limited to, modes of operation, threshold values, or
any other parameter that influence operations, functions,
or performance associated with any of such chipsets.
[0038] As referred to herein, "module" or "unit" includes
hardware, software and/or firmware configured to per-
form one or more specific functions. In this regard, the
means of the circuitry of the RFID system 100, as de-
scribed herein, may be embodied as, for example, cir-
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cuitry, hardware elements (such as, a suitably pro-
grammed processor, combinational logic circuit, and/or
the like), a computer program product comprising com-
puter-readable program instructions stored on a non-
transitory computer-readable medium that is executable
by a suitably configured processing device, or some com-
bination thereof.
[0039] In various embodiments, the RFID system 100
may be embodied as or form part of a handheld device,
such as an RFID scanner, or a mobile computing device.
The RFID system 100 may be implemented as, for ex-
ample, an identity management system, an access man-
agement system, or an item tracking system (such as for
automobiles, equipment, parts, components, tools or oth-
er assets), in a variety of facilities, such as, but not limited
to, a manufacturing facility, an assembly facility, a retail
lot, a warehouse, a cargo container, a storage area, a
hospital, or other such facility. In some embodiments of
the present disclosure, the RFID system 100 may be con-
figured to determine a precise and unique location of the
plurality of RFID tags 108 by using low frequency bands
for approximately ranging (locating) the plurality of RFID
tags 108 and high frequency bands for resolving/refining
the approximated ranging or location of the plurality of
RFID tags. The high frequency bands further energize
the plurality of RFID tags 108 and allows the devices with
low frequency bands to enhance ranging capabilities and
operate beyond the corresponding range. Consequently,
the plurality of RFID tags 108 may be constantly ener-
gized, unique tag locations may be determined, and the
devices with low frequency bands may receive RF tag
signals from further distances that are beyond the corre-
sponding ranges.
[0040] The RFID reader system 102 in the RFID sys-
tem 100 may be configured to operate in two modes of
RF communication. The first communication mode cor-
responds to far-field communication mode and the sec-
ond communication mode corresponds to near-field
communication mode with respect to the plurality of RFID
tags 108. In some embodiments, the RFID reader system
102 may be configured to operate in the two modes of
RF communication based on simultaneous transmis-
sion/reception of RF signals at different frequency bands.
In an alternative embodiment, the RFID reader system
102 may be configured to operate in two modes of RF
communication based on time alternating transmis-
sion/reception of RF signals at different frequency bands.
[0041] The RFID reader system 102, that includes the
RFID reader 104 and the radio transceiver device 106,
may be triggered upon an actuation or an input provided
by a user. Once triggered, the RFID reader system 102
may be configured to transmit information to the plurality
of RFID tags 108 by modulating RF signal in the different
frequency bands, including a higher frequency band (cor-
responding to the RFID reader 104 operating at 915 MHz
(UHF)) and a lower frequency band (corresponding to
the radio transceiver device 106 operating at 13.6 MHz
(HF) or 530-1710 KHz (NFER)). Such information may

be transmitted as RF interrogation signals in response
to triggering of the RFID reader system 102 to interrogate
and determine identities and locations of each of the plu-
rality of RFID tags 108. In various embodiments, the RFID
reader system 102 may interrogate the plurality of RFID
tags 108 using various commands, such as a select com-
mand to select a specific RFID tag group for subsequent
inventory round based on user-specified criteria, or an
inventory command to single out one or more individual
tags from the plurality of RFID tags 108, and the like.
Such RF interrogation signals further provide operating
energy (as continuous wave RF signals) to the plurality
of RFID tags 108. The continuous wave may refer to a
waveform transmitted by an RFID reading device and
suitable to power a passive RFID tag, e.g., a sinusoid at
a given frequency.
[0042] In various embodiments, the RFID reader sys-
tem 102 may communicate with the plurality of RFID tags
108 using a combination of one or more reader antennas,
thus referred to as multiple antenna, multiple tags
(MAMT) system. Based on the number of tags placed on
one or more objects and the number of reader antennas
the RFID reader system 102, the MAMT system may be
reduced to one or more sub-systems, such as a single
antenna, multiple tag (SAMT) system, a multiple anten-
na, single tag (MAST) system, or a single antenna, single
tag (SAST) system.
[0043] In various embodiments, the RFID reader sys-
tem 102 may be configured to transmit information to the
plurality of RFID tags 108 by modulating an RF carrier
using various keying technologies, such as double-side-
band amplitude shift keying (DSB-ASK), single-sideband
amplitude shift keying (DSB-ASK), or phase-reversal
amplitude shift-keying (PR-ASK) using a pulse-interval
encoding (PIE) format. The RFID reader system 102 may
be configured to use various access commands for com-
municating with each of the plurality of RFID tags 108,
as described below.
[0044] In some embodiments, for example, the RFID
reader system 102 supports both for EPC™ Class-1 Gen-
eration-2 protocol of the UHF band, and 13.56 MHz RFID
protocols of ISO14443 A/B type, and ISO15693 stand-
ards. Although this example uses aforesaid standards
for UHF and HF bands, the present disclosure contem-
plates that other standards of mutually contrast frequen-
cy bands may also be supported, without deviation from
the scope of the disclosure
[0045] The RFID reader 104 may include a first RF
transmitter 104A, a first RF receiver 104B, a first antenna
104C, and a first signal processor 104D. The first RF
transmitter 104A and the first RF receiver 104B may be
electrically coupled to the first antenna 104C. It should
be noted that although the first antenna 104C is illustrated
as being configured to switch between transmission and
reception of RF interrogation signals and backscattered
signals respectively, the RFID reader 104 can include
additional separate transmit or receive antennas that
may be arranged in an array, which may be symmetrical
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or asymmetrical with respect to each other. For example,
the receive antennas may be arranged in, for example,
a rectangular array configuration or aligned to form arrays
with different sizes and shapes, as desired or needed,
such as based on the plurality of RFID tags 108 to be
interrogated. The first RF transmitter 104A and the first
RF receiver 104B may be selectively turned on and off
to communicate with the plurality of RFID tags 108 to
transmit the first interrogation RF signals and acquire
RFID tag location information, which then may, for ex-
ample, provide the user with information about location
of each of the plurality of RFID tags 108, as described in
more detail herein.
[0046] The RFID reader 104 may be configured to
transmit a first RF interrogation signal to an RFID tag,
such as the first RFID tag 108A of the plurality of RFID
tags 108, through the first RF transmitter 104A and the
first antenna 104C. The first RF receiver 104B may fur-
ther include various components, such as, but not limited
to, filters, amplifiers, analog to digital convertor, and tun-
ers (not shown in FIG. 1). The RFID reader 104 may be
configured to generate the first RF interrogation signal
by modulating a first RF signal having a predetermined
carrier frequency with lower wavelength. The RFID read-
er 104 may be configured to operate in the first commu-
nication mode, which is far-field communication mode
based on electromagnetic coupling between the RFID
reader 104 and the first RFID tag 108A. In the first com-
munication mode, the first antenna 104C, such as a di-
pole antenna, may be attached to the RFID reader 104
that transmits the electromagnetic waves to the first RFID
tag 108A. Consequently, a dipole antenna in the first
RFID tag 108A may receive energy as an alternating po-
tential difference that appears in the midst of the dipole.
The rectification of the potential and linking it to another
capacitor results in the accumulation of the energy in the
first RFID tag 108A.
[0047] In some embodiments, the RFID reader 104
may be an RFID reader that operates on higher frequency
bands, such as UHF bands. The first RF interrogation
signal generated at the first RF transmitter 104A of the
RFID reader 104 may be externally transmitted to the
plurality of RFID tags 108 in form of electromagnetic
waves, via the first antenna 104C. Also, the RFID reader
104 may receive the first backscattered signal from the
first RFID tag 108A, via the first antenna 104C and the
first RF receiver 104B. The RFID reader 104 may be
further configured to read and/or modify memory units of
the plurality of RFID tags 108 containing encoded mes-
sages.
[0048] As shown in FIG. 1, the first antenna 104C in
the RFID reader 104 is a single antenna. However, it may
be contemplated that the RFID reader 104 may comprise
more than one antenna, without deviating from the scope
of the disclosure. In such cases, the RFID reader 104
further comprises a multiplexing circuit (not shown) that
may be configured to electrically couple each antenna to
the RFID reader 104. In one embodiment, the multiplex-

ing circuit may be configured to alternatively couple each
antenna to the RFID reader 104 by implementing a time
division technology, so that during a given time slot, no
more than one antenna of the plurality of antennas is
coupled to the RFID reader 104. In another embodiment,
the multiplexing circuit can be configured to couple each
antenna to the RFID reader 104 by implementing a fre-
quency division technology, as described in details here-
in infra.
[0049] In some embodiments, the RFID reader 104
and the main control unit 110 may communicate with
each other based on the Universal Asynchronous Re-
ceiver Transmitter (UART) transmission protocol. In such
transmission protocol, separate data lines may be utilized
for transmitting and receiving data.
[0050] Various embodiments of the RFID reader 104
may be used in a numerous application areas, including
but not limited to, item tracking in manufacturing and retail
stores, real-time inventory control systems, warehouse
facilities, packages in shipping consignments, and the
like.
[0051] The radio transceiver device 106 in the RFID
reader system 102 may be configured to transmit a sec-
ond RF interrogation signal to an RFID tag, such as the
first RFID tag 108A of the plurality of RFID tags 108,
configured to be operable with the radio transceiver de-
vice 106 in the second communication mode. The radio
transceiver device 106 may be operable at a lower fre-
quency band that corresponds to the HF band in some
embodiments. The radio transceiver device 106 may be
configured to operate in the second communication
mode, which is a near-field communication mode based
on inductive coupling between the radio transceiver de-
vice 106 and the first RFID tag 108A. In the second com-
munication mode, the second antenna 106C, such as a
planar, circular polarized antenna, may be attached to
the radio transceiver device 106 to emit a magnetic field
due to passage of high alternating current through a read-
ing coil. If the plurality of RFID tags 108 with small coils
are placed in a field, an alternating voltage appear against
such small coils of each of the plurality of RFID tags 108.
If the voltage is rectified and coupled with a capacitor,
then the charge gets accumulated at the plurality of RFID
tags 108 and the information is communicated. In the
second communication mode, the strength of the mag-
netic field drops sharply with distance of the plurality of
RFID tags 108 from the radio transceiver device 106.
[0052] The radio transceiver device 106 may include
a second RF transmitter 106A, a second RF receiver
106B, and a second antenna 106C. The second RF trans-
mitter 106A and the second RF receiver 106B may be
electrically coupled to the second antenna 106C. The
second RF receiver 106B may further include various
components, such as, but not limited to, filters, amplifiers,
analog to digital convertor, and tuners (not shown in FIG.
1). The radio transceiver device 106 may be configured
to transmit a second RF interrogation signal to the first
RFID tag 108A through the second RF transmitter 106A
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and the second antenna 106C. The radio transceiver de-
vice 106 may be configured to generate the second RF
interrogation signal by modulating an RF signal having
a predetermined carrier frequency with higher wave-
length. In some embodiments, the radio transceiver de-
vice 106 is another RFID reader which operates on lower
frequency bands, such as LF bands, HF bands or 1 MHz
bands. The second RF interrogation signal generated at
the second RF transmitter 106A of the radio transceiver
device 106 may be externally transmitted to each of the
plurality of RFID tags 108 in form of an electromagnetic
wave through the second antenna 106C. Also, the radio
transceiver device 106 may receive the second back-
scattered signals from the plurality of RFID tags 108
through the second antenna 106C and the second RF
receiver 106B.
[0053] In some embodiments, the radio transceiver de-
vice 106 may be compliant with Near-Field Electromag-
netic Ranging (NFER®) technology operating at low fre-
quencies, typically within the AM broadcast band
(530-1710kHz) exploiting the near-field behavior of radio
signals within about one-third of a wavelength.
[0054] In some embodiments, the radio transceiver de-
vice 106 may utilize I2C (Inter-Integrated Circuit) syn-
chronous protocol that may use only two wires, one for
the clock and other for the data. Thus, the main control
unit 110 and the radio transceiver device 106 may trans-
mit data over the same wire.
[0055] The plurality of RFID tags 108 may respond to
the second RF interrogation signal by modulating the re-
flection coefficient of corresponding antennas, thus gen-
erate backscattered signal to the RFID reader system
102. The RFID reader system 102 may determine precise
locations and identities of the plurality of RFID tags 108
based on the backscattered signal. The RFID reader sys-
tem 102 may be configured to establish isolated commu-
nication with each of the plurality of RFID tags 108 such
that RF signal collision is prevented.
[0056] In response to receiving RF interrogation sig-
nals (at higher and lower frequencies) from the RFID
reader system 102, each of the plurality of RFID tags 108
may be configured to transmit response RF signals (for
example a first backscattered signal and a second back-
scattered signal corresponding to both the RF interroga-
tion signals at higher and lower frequencies, respectively)
back to the RFID reader system 102. The first backscat-
tered signal and the second backscattered signal may
include useful data, such as an Electronic Product Code
(EPC) identifier or a tag identifier (TID). The response
signal may include a representation of a binary string, at
least part of which is equal to at least part of the specified
one or more TIDs. Each of the plurality of RFID tags 108
may store corresponding tag identifier in corresponding
memory units. In some embodiments, each of the plural-
ity of RFID tags 108 may be attached to a corresponding
inventory object and may further store a product code,
the EPC code, and/or at least one alphanumeric string
identifying the corresponding inventory object. In some

embodiments, one or more of the plurality of RFID tags
108 may be configured to transmit the first backscattered
signal and the second backscattered signal simultane-
ously to the RFID reader system 102. In an alternate
embodiment, one or more of the plurality of RFID tags
108 may be configured to transmit the first backscattered
signal and the second backscattered signal in time alter-
nating manner to the RFID reader system 102.
[0057] The RFID reader 104 of the RFID reader system
102 utilizes a first phase angle of the first backscattered
signal to determine a first plurality of tag distances, i.e.
the candidate distances. The radio transceiver device
106 of the RFID reader system 102 utilizes a second
phase angle of the second backscattered signal to de-
termine a second tag distance, i.e. an approximated dis-
tance. Final tag distance may be determined by the RFID
reader system 102 based on a candidate first tag distance
that is nearest to the approximated second tag distance.
Thus, while such one or more RFID tags exhibit long
range (as expected from high frequency band RFID tags
(for example of the order of 10 m for UHF RFID tags)),
the tag distance (determined by the RFID reader system
102 using phase angle of low frequency band backscat-
tered RF signals) is unique at distances up to half wave-
length (for example, 11 m for 13.56 Mhz for HF RFID
tags), which is the maximum practical range for high fre-
quency band RFID tags (for example, UHF RFID tags).
[0058] In some embodiments, each of the plurality of
RFID tags 108 may be a passive RFID tag configured to
harvest energy from one of the first RF interrogation sig-
nal or the second RF interrogation signal received from
the RFID reader system 102 using tag antenna. The har-
vested energy may be utilized to power a first antenna
structure and a second antenna structure through a feed
terminal in a corresponding RFID tag, as described in
FIG. 2. The first antenna structure, configured to back-
scatter the high frequency band signals, may be electro-
magnetically coupled to the second antenna structure,
configured to backscatter the low frequency band sig-
nals. In some embodiments, the tag antenna of each of
the plurality of RFID tags 108 may be tuned to be operable
at different frequency bands. In other embodiment, the
tag antenna of each of the plurality of RFID tags 108 may
comprise different sub-antennas. Each sub-antenna may
be configured for a corresponding frequency band sep-
arately.
[0059] The main control unit 110 may be embodied as
one or more microprocessors with accompanying digital
signal processor(s), one or more processor(s) without an
accompanying digital signal processor, one or more co-
processors, one or more multi-core processors, one or
more controllers, processing circuitry, one or more com-
puters, various other processing elements including in-
tegrated circuits such as, for example, an application spe-
cific integrated circuit (ASIC) or field programmable gate
array (FPGA), or some combination thereof. Accordingly,
although described herein with reference to a single con-
troller in an example embodiment, the present disclosure
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contemplates that the main control unit 110 may include
a plurality of processors and signal processing modules,
without deviation from the scope of the disclosure. The
plurality of processors may be in operative communica-
tion with each other and may be collectively configured
to perform one or more functionalities of the circuitry of
the RFID system 100, as described herein. In an example
embodiment, the main control unit 110 may be configured
to execute instructions stored in a host device (not
shown) or otherwise accessible to the main control unit
110. These instructions, when executed by the main con-
trol unit 110, may cause the circuitry of the RFID system
100 to perform one or more of the functionalities, as de-
scribed herein.
[0060] Whether configured by hardware,
firmware/software methods, or by a combination thereof,
the main control unit 110 may include an entity capable
of performing operations according to embodiments of
the present disclosure while configured accordingly.
Thus, for example, when the main control unit 110 is em-
bodied as an ASIC, FPGA or the like, the main control
unit 110 may include specifically configured hardware for
conducting one or more operations described herein. Al-
ternatively, in another example, when the main control
unit 110 is embodied as an executor of instructions re-
trieved from the local memory of the host device, the
instructions may specifically configure the main control
unit 110 to perform one or more algorithms and opera-
tions described herein.
[0061] Thus, the main control unit 110 used herein may
refer to a programmable microprocessor, microcomput-
er, or multiple processor chip(s) that can be configured
by software instructions (applications) to perform a vari-
ety of functions, including the functions of the various
embodiments described above. In some devices, multi-
ple processors may be provided and are dedicated to
wireless communication functions, and one processor
dedicated to running other applications. Software appli-
cations may be stored in the internal memory before they
are accessed and loaded into the processors. The proc-
essors may include internal memory sufficient to store
the application software instructions. In many devices,
the internal memory may be a volatile or nonvolatile mem-
ory, such as flash memory, or a mixture of both. The
memory can also be located internal to another comput-
ing resource (e.g., enabling computer readable instruc-
tions to be downloaded over the Internet or another wired
or wireless connection).
[0062] The main control unit 110 may be electrically
coupled to the RFID reader 104 and the radio transceiver
device 106 in the RFID reader system 102. Any type of
communicative or operative coupling, such as any type
of wireless or wired communication coupling, may be
used. The main control unit 110 may be configured to
control the operation of the RFID reader system 102,
such as to control the transmissions by the first RF trans-
mitter 104A and/or second RF transmitter 106A and the
reception by the first RF receiver 104B and/or the second

RF receiver 106B. In one embodiment, the main control
unit 110 may be a transmit and receive controller config-
ured to control the RF pulses sent to the first RF trans-
mitter 104A and/or the second RF transmitter 106A and
the communication of signals received by the first RF
receiver 104B and/or second RF receiver 106B. Howev-
er, as described in more detail herein, the main control
unit 110 may also be configured to control other compo-
nents of the RFID system 100.
[0063] The main signal processor 112, coupled to the
main control unit 110 in the RFID system 100, may be
configured to control the operation of the main control
unit 110 to transmit and receive RF signals, as desired
or needed. The main signal processor 112 may also be
configured in various embodiments to process received
RF signals, such as backscattered signals, with corre-
sponding phase information that may be used to deter-
mine the locations of the plurality of RFID tags 108, as
described herein. For example, in some embodiments,
the main signal processor 112 may be configured to de-
termine the position, orientation, size and/or movement
of the plurality of RFID tags 108 (each of which may be
coupled to corresponding object or item) using the meas-
urement of the phase angles of the first backscattered
signal and the second backscattered signal received at
the first RF receiver 104B and/or the second RF receiver
106B, and phase differentials as a function of distance,
frequency, and time as the basis of the spatial identifica-
tion, as described herein.
[0064] The display interface 114 may include suitable
logic, circuitry, interfaces, and/or code that may be con-
figured to, under the control of the main control unit 110,
provide an indication of a tag distance of an RFID tag,
such as the first RFID tag 108A, as described in accord-
ance with flowcharts 800A-800D of FIGS. 8A-8D, respec-
tively. For example, the display interface 114 may display
location information of one or more of the plurality of RFID
tags 108 associated with one or more objects in a display
area. The one or more of the plurality of RFID tags 108
associated with the one or more objects may be specified
in a search request from a user. In some embodiments,
the display interface 114 may allow a graphical naviga-
tion to the user to locate a plurality of objects associated
with the plurality of RFID tags 108 by displaying location
information of the plurality of RFID tags 108 associated
with the plurality of objects.
[0065] The user input device 116 may include suitable
logic, circuitry, interfaces, and/or code that may be con-
figured to receive input from the user handling the RFID
reader system 102. Various examples of the user input
device 116 may include, but not limited to, a keyboard,
a mouse, a touchpad, or other actuation means that pro-
vides a trigger or an actuation to activate the RFID reader
system 102. In some embodiments, the display interface
114 and the user input device 116 are separate devices
and coupled to the main control unit 110 to allow a user
to interact with the RFID system 100. In another embod-
iment, the display interface 114 and the user input device
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116 may be integrated, such as in touch screens, and
coupled to the main control unit 110 to allow the user to
interact with the RFID system 100.
[0066] The memory 118 may include, for example, vol-
atile memory, non-volatile memory, or some combination
thereof. Although illustrated in FIG. 1 as a single memory,
the memory 118 may include a plurality of memory com-
ponents. The plurality of memory components may be
embodied on a single electronic device or distributed
across a plurality of electronic devices. In various em-
bodiments, the memory 118 may include, for example,
a hard disk, random access memory, cache memory,
read only memory (ROM), erasable programmable read-
only memory (EPROM) & electrically erasable program-
mable read-only memory (EEPROM), flash memory,
magnetic cassettes, magnetic tape, magnetic disk stor-
age or other magnetic storage devices, a compact disc
read only memory (CD-ROM), digital versatile disc read
only memory (DVD-ROM), an optical disc, circuitry con-
figured to store information, or some combination thereof.
The memory 118 may be configured to store instructions
and/or applications for enabling the circuitry of the RFID
reader system 102 to carry out various functions in ac-
cordance with example embodiments of the present dis-
closure. For example, in at least some embodiments, the
memory 118 may be configured to buffer the distances
of the plurality of RFID tags 108 determined by the main
signal processor 112. Additionally, or alternatively, in at
least some embodiments, the memory 118 may be con-
figured to store program instructions and/or application
programs related to various signal processing algorithms
for execution by the main signal processor 112. The
memory 118 may store information in the form of static
and/or dynamic information. This information may be
stored and/or used by the circuitry of the RFID reader
system 102 to perform various functionalities as de-
scribed herein.
[0067] The memory 118 may be any type of electronic
storage device, and can be coupled to the main signal
processor 112 (or form part of the main signal processor
112). The main signal processor 112 may access the
memory 118 to obtain stored image information that is
correlated with acquired phase information for the plu-
rality of RFID tags 108 (such as with timestamping) and
used to aid or facilitate locating the plurality of RFID tags
108 (such as presenting the user with location informa-
tion to help more easily identify the physical location of
the plurality of RFID tags 108).
[0068] The communication module 120 may be em-
bodied as an interface, device, or means embodied in
circuitry, hardware, a computer program product includ-
ing computer readable program instructions stored on a
computer readable medium (e.g., the memory 118) and
executed by a processing device (e.g., the main control
unit 110 and/or the main signal processor 112), or any
combination thereof that is configured to receive/transmit
data from/to another device, system, and/or network. In
an example embodiment, the communication module

120 (like other components discussed herein) may be at
least partially embodied as or otherwise controlled by the
main control unit 110 and/or the main signal processor
112. In this regard, the communication module 120 may
be in communication with the main control unit 110 and/or
the main signal processor 112, such as via a bus. The
communication module 120 may include, for example,
an antenna, a transmitter, a receiver, a transceiver, a
network interface card, and/or supporting hardware
and/or firmware/software to enable communication with
another electronic device. The communication module
120 may be configured to receive and/or transmit signals
and/or data that may be stored by the memory 118 by
use of a protocol for communication between various
electronic devices. The communication module 120 may
additionally or alternatively be in communication with the
memory 118 and/or any other component of the circuitry
of the RFID reader system 102, via a means, such as a
bus. In various embodiments, wireless communication
interface of the communication module 120 may be con-
figured to support, for example, but not limited to, various
protocols, such as IEEE 802.11/802.15/802.16 protocol
family, at least one protocol of the
HSPA/GSM/GPRS/EDGE protocol family, TDMA proto-
col, UMTS protocol, LTE protocol, and/or at least one
protocol of the CDMA/1xEV-DO protocol family.
[0069] It may be noted that all or some of the informa-
tion presented by the examples discussed herein may
be based on data that is received, generated and/or main-
tained by one or more components of a local or networked
system and/or the circuitry of the RFID system 100. In
an example embodiment, one or more external systems
(such as a remote cloud computing and/or data storage
system) may also be leveraged to provide at least some
of the functionality discussed herein.
[0070] As described above and as will be appreciated
that, based on this disclosure, embodiments of the
present disclosure may be configured as methods, per-
sonal computers, servers, mobile devices, backend net-
work devices, and the like. Accordingly, embodiments
may include various means comprised entirely of hard-
ware or any combination of software and hardware. Fur-
thermore, embodiments may take the form of a computer
program product on at least one non-transitory computer-
readable storage medium having computer-readable
program instructions (such as, computer software) em-
bodied in the storage medium. Any suitable computer-
readable storage medium may be utilized including non-
transitory hard disks, CD-ROMs, flash memory, optical
storage devices, or magnetic storage devices.
[0071] These computer program instructions may also
be stored in a computer-readable storage device (such
as, the memory 118) that may direct a computer or other
programmable data processing apparatus to function in
a particular manner, such that the instructions stored in
the computer-readable storage device produce an article
of manufacture including computer-readable instructions
for implementing the function discussed herein. The com-
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puter program instructions may also be loaded onto a
computer or other programmable data processing appa-
ratus to cause a series of operational steps to be per-
formed on the computer or other programmable appara-
tus to produce a computer-implemented process such
that the instructions that execute on the computer or other
programmable apparatus provide steps for implementing
the functions discussed herein.
[0072] FIG. 2 illustrates a component diagram of a du-
al-band tag antenna of one of the plurality of RFID tags
108 (for example, the first RFID tag 108A) in the RFID
system 100, according to one or more embodiments of
the present disclosure. In some embodiments, the first
RFID tag 108A may be tuned for two different frequency
bands, for example both HF (13.56 MHz) and UHF (915
MHz) bands, and accordingly may generate modulated
backscatter signals at different frequencies, i.e. HF and
UHF, that the first RFID tag 108A is interrogated at.
[0073] With reference to FIG. 2, a component diagram
of the dual-band tag antenna of the first RFID tag 108A
is shown. The dual-band tag antenna includes an RFID
tag antenna 202, an RF frontend 204, signal processors
206, a feed terminal 208, a first antenna structure 210A,
a second antenna structure 210B, a first matching unit
212A, a second matching unit 212B, and a memory unit
214. In some embodiments, the RFID tag antenna 202
comprises a first sub-antenna that corresponds to the
first antenna structure 210A operable at a first frequency,
and a second sub-antenna that corresponds to the sec-
ond antenna structure 210B operable at a second fre-
quency.
[0074] The RFID tag antenna 202 may be configured
to receive electromagnetic waves (or the first RF inter-
rogation signal and the second RF interrogation signal)
from the RFID reader 104 and the radio transceiver de-
vice 106. The RFID tag antenna 202 may receive the
received electromagnetic waves at the RF frontend 204.
When magnitude of the first RF interrogation signal and
the second RF interrogation signal communicated to the
RF frontend 204 are greater than or equal to a minimum
threshold power required for operation of the first RFID
tag 108A, the first RFID tag 108A may respond to the
interrogation signals of the RFID reader 104 and the radio
transceiver device 106 by performing backscattering
modulation of the electromagnetic waves transmitted by
the RFID reader 104 and the radio transceiver device
106.
[0075] The RF frontend 204 may include various elec-
tronic and electrical components, such as, but not limited
to, rectifier, modulator demodulator, charge pumps, reg-
ulator, and a power on reset (POR), not shown in FIG. 2
for brevity. For the received first and second RF interro-
gation signals in different frequency bands, the RF fron-
tend 204 may be configured to convert the received RF
signals to direct current (DC) voltage. Thus, the RF fron-
tend 204 may be configured to harvest energy from the
received RF interrogation signals in different frequency
bands and supply the harvested energy to the signal

processors 206 for further operations. The RF frontend
204 may be further configured to extract a baseband sig-
nal from the received RF interrogation signals.
[0076] In some embodiments, the RFID tag antenna
202 includes two sub-antennae that correspond to two
different structures, such as the first antenna structure
210A and the second antenna structure 210B, serving
the lower and the higher frequency bands. As illustrated
in FIG. 2, the RFID tag antenna 202 may include a sub-
strate including a first surface 202A and a second surface
202B, and a feed terminal 208. The first surface 202A
includes a first matching unit 212A, and the second sur-
face 202B includes a second matching unit 212B.
[0077] The substrate may form the first antenna struc-
ture 210A on the first surface 202A (which may be a top
surface) and the second antenna structure 210B on the
second surface 202B (which may be a bottom surface).
The substrate may be a printed circuit board (PCB), and
other such means to transfer an electrical signal through
a copper circuit or a thin film optical circuit.
[0078] The first antenna structure 210A may be elec-
trically connected to the second antenna structure 210B
through electromagnetic coupling. The first antenna
structure 210A may form a structure of a shape, such as
circular or rectangular, which is similar to the shape of
the second antenna structure 210B. The first antenna
structure 210A may work on a higher frequency band,
such as UHF, and the second antenna structure 210B
may work on a lower frequency band, such as HF. Also,
the first antenna structure 210A may perform conjugate
matching with respect to impedance of the RF frontend
204 so that the first antenna structure 210A may transfer
the RF signal to the RF frontend 204 while minimizing
loss. The feed terminal 208 may supply power to each
of the first antenna structure 210A and the second an-
tenna structure 210B.
[0079] The RFID tag antenna 202 may be further cou-
pled with the first matching unit 212A to determine the
impedance of the first antenna structure 210A by adjust-
ing at least one of a length and a width of a feed loop that
connects the first antenna structure 210A and the feed
terminal 208. The first matching unit 212A may include
a first slot to adjust the length of the feed loop and a
second slot to adjust the width of the feed loop. At least
one of the first slot and the second slot may be detachably
attached to the feed loop. Also, the first matching unit
212A may further include a third slot to adjust the length
of the first antenna structure 210A. Accordingly, when
the impedance of the first antenna structure 210A and
the impedance of the second antenna structure 210B
satisfy a predetermined condition, the third slot may be
detachably attached to the first antenna structure 210A
to have a length corresponding to an operating frequen-
cy. The first matching unit 212A may determine a reac-
tance component in the impedance of the first antenna
structure 210A based on the length of the feed loop. De-
pending on embodiments, the first matching unit 212A
may determine a resistance component in the impedance
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of the first antenna structure 210A based on the length
of the feed loop and the width of the feed loop.
[0080] The RFID tag antenna 202 may further include
the second matching unit 212B to determine the imped-
ance of the second antenna structure 210B by adjusting
at least one of the number of turns of the second antenna
structure 210B and an LC resonance value by a capac-
itor.
[0081] The memory unit 214 of the passive first RFID
tag 108A (for example, the UHF EPC Gen 2 standard)
may further include, for example, a reserved memory, an
EPC memory, a TID memory, and/or a user memory.
The reserved memory stores a kill password that disables
the RFID tag, and an access password that is set to lock
and unlock the write capabilities of the RFID tag. The
EPC memory stores the electronic product code. It has
a minimum of 96 bits of writable memory. The EPC mem-
ory is the first writable memory bank in the RFID tag. The
TID memory is used to store the unique tag ID number
by the manufacturer when the RFID tag is manufactured.
The user memory may be an extended memory which
can store more information. The storage capacity of the
memory unit 214 of the passive first RFID tag 108A may
be between 64 bits to 1 kilobyte of non-volatile memory.
The memory unit 214 may use EEPROM memory and
laser programmed at the silicon level.
[0082] FIGS. 3A-3C illustrate different views of an
RFID apparatus 300, according to one or more embod-
iments of the present disclosure. The RFID Reader Sys-
tem 102, as described above in FIG. 1, may be embodied
as part of the RFID apparatus 300. The RFID apparatus
300 is shown in FIGS. 3A (front panel view), 3B (oblique
panel view) and 3C (bottom panel view). The RFID ap-
paratus 300 may include a housing 302 within which other
components of the RFID reader system 102 may be dis-
posed. An LCD touch screen (with touch screen sensors)
306 can be disposed on a front panel 308. Also disposed
on the front panel 308 may be an operation LED 304, a
scan LED 310, and a keyboard 312 including a scan key
314 and navigation keys 316. An imaging window 318
may be disposed on the top panel of the housing 302.
Disposed on the side panel (as shown in FIG. 3B) may
be an infrared communication port 320, an access door
to a secure digital (SD) memory interface 322, an audio
jack 324, and a hand strap 326. Disposed on the bottom
panel (as shown in FIG. 3C) may be a multi-pin mechan-
ical connector 328 and a hand strap clip 330.
[0083] In some embodiments, the imaging window 318
allows an imaging system within the housing 302 to be
behind the imaging window 318 for protection to have a
field of view in front of the RFID apparatus 300. In some
embodiments, an illuminator (not shown) may also be
disposed within the housing 302 behind the protective
imaging window 318 in a cooperative manner with the
camera system. In one embodiment, the imaging window
318 may include a fisheye lens or other lens to provide
a panoramic or wider view to ensure that a camera may
capture images of, for example, the region of interest.

Also, disposed on the bottom panel (or alternatively on
the top panel) is an RFID antenna housing and an RFID
reader system 102 (which may include the first RF trans-
mitter 104A, the second RF transmitter 106A, the first RF
receiver 104B, and the second RF receiver 106B shown
in FIG. 1) within the housing 302.
[0084] FIG. 4 illustrates a data collection system within
which a RFID system may operate (such as the RFID
system 100 of FIG. 1), according to one or more embod-
iments of the present disclosure. In some embodiments,
the RFID system 100 and/or the RFID apparatus 300
may be incorporated in the data collection system 400.
The data collection system 400 may include a plurality
of routers 402A-402Z, a plurality of access points 404A-
404Z, and a plurality of RFID apparatuses 300A-300Z in
communication within a plurality of interconnected net-
works 408A-408Z. In some embodiments, the plurality
of networks 408A-408Z may include at least one wireless
communication network. In various embodiments, each
of the plurality of RFID apparatuses 300A-300Z may in-
clude a communication interface, such as the communi-
cation module 120, for connecting to the one or more of
the plurality of interconnected networks 408A-408Z. In
one embodiment, the communication module 120 may
be provided by a wireless communication interface.
[0085] One or more of the plurality of RFID apparatus-
es 300A-300Z may establish communication with a host
computer 410. In one embodiment, network frames may
be exchanged by the one or more of the plurality of RFID
apparatuses 300A-300Z and the host computer 410 via
one or more of the plurality of routers 402A-402Z, base
stations, and other infrastructure elements (not shown).
In another embodiment, the host computer 410 may com-
municate with the one or more of the plurality of RFID
apparatuses 300A-300Z via a corresponding network,
such as a local area network (LAN). In yet another em-
bodiment, the host computer 410 may communicate with
the one or more of the plurality of RFID apparatuses
300A-300Z via a corresponding network, such as a wide
area network (WAN). The present disclosure should not
be contemplated as limiting and other methods of pro-
viding interconnectivity between the one or more of the
plurality of RFID apparatuses 300A-300Z and the host
computer 410 relying upon LANs, WANs, virtual private
networks (VPNs), and/or other types of network are with-
in the scope of this disclosure.
[0086] In some embodiments, the communications be-
tween the one or more of the plurality of RFID appara-
tuses 300A-300Z and the host computer 410 may include
a series of HTTP requests and responses transmitted
over one or more TCP connections. In one embodiment,
the communications between the one or more of the plu-
rality of RFID apparatuses 300A-300Z and the host com-
puter 410 may include VoIP traffic transmitted over one
or more TCP and/or UDP ports. The present disclosure
should not be contemplated as limiting and other trans-
port and application level protocols is within the scope of
this disclosure.
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[0087] FIG. 5 illustrates a component-level diagram of
some embodiments of the RFID apparatus 500, accord-
ing to one or more embodiments of the present disclo-
sure. In some embodiments, the RFID apparatus 500
may include at least one microprocessor 502 and a mem-
ory 504 (which may be embodied as the memory 118
shown in FIG. 1), both coupled to a system bus 506. The
microprocessor 502 may be provided by a general pur-
pose microprocessor or by a specialized microprocessor
(e.g., an ASIC). In one embodiment, the RFID apparatus
500 may include a single microprocessor which may be
referred to as a central processing unit (CPU). In another
embodiment, the RFID apparatus 500 may include two
or more microprocessors, for example, a CPU providing
some or most of the RFID apparatus functionality and a
specialized microprocessor performing some specific
functionality (e.g., tag location determination as de-
scribed herein). The present disclosure should not be
contemplated as limiting and other schemes of process-
ing tasks distributed among two or more microprocessors
are within the scope of this disclosure.
[0088] The RFID apparatus 500 can further include a
communication interface 508 communicatively coupled
to the system bus 506. In one embodiment, the commu-
nication interface 508 (which may be embodied as the
communication module 120 shown in FIG. 1), may be
implemented by a wireless communication interface. The
wireless communication interface can be configured to
support, for example, but not limited to, the following pro-
tocols: at least one protocol of the IEEE
802.11/802.15/802.16 protocol family, at least one pro-
tocol of the HSPA/GSM/GPRS/EDGE protocol family,
TDMA protocol, UMTS protocol, LTE protocol, and/or at
least one protocol of the CDMA/IxEV-DO protocol family.
[0089] A module 510 is an additional modular compo-
nent that may be replaced with upgraded or expanded
modules and coupled between the system bus 506 and
the communication interface 508. The module 510 may
be compatible with, for example, auxiliary hard drives
(including flash memory), RAM, communication interfac-
es, etc.
[0090] The RFID apparatus 500 may further include a
camera system 512 and an image interpretation and
processing module 514. In one embodiment, the image
interpretation and processing module 514 receives im-
age data from the camera system 512 and processes
the information for use in determining the location of one
or more RFID tags and presenting an image correspond-
ing to that determined location. In another embodiment,
the image interpretation and processing module 514,
which is coupled to the system bus 506, exchanges data
and control information with the microprocessor 502 or
the memory 504.
[0091] The RFID apparatus 500 may further include a
keyboard interface 516 and a display adapter 518, both
also coupled to the system bus 506. The RFID apparatus
500 can further include a battery 520. In one embodiment,
the battery 520 may be a replaceable or rechargeable

battery pack.
[0092] The RFID apparatus 500 may further include a
GPS receiver 522 to facilitate providing location informa-
tion relating to the RFID apparatus 500. The RFID appa-
ratus 500 may also include at least one connector 524
configured to receive, for example, a subscriber identity
module (SIM) card. The RFID apparatus 500 can further
include one or more illuminating devices 526, provided
by, for example, but not limited to, a laser or light emitting
diode (LED). The RFID apparatus 500 still further can
include one or more encoded indicia reading (EIR) de-
vices 528 provided by, for example, but not limited to, an
RFID reading device, a bar code reading device, or a
card reading device. In one embodiment, the RFID ap-
paratus 300 can be configured to receive RFID scanning
information, such as responses received from activated
RFID tags.
[0093] The present disclosure should not be contem-
plated as limiting and devices that read bar codes, read
RFID tags, or read cards bearing encoded information
may read more than one of these categories while re-
maining within the scope of this disclosure. For example,
a device that reads bar codes may include a card reader,
and/or RFID reader; a device that reads RFID tags may
also be able to read bar codes and/or cards; and a device
that reads cards may be able to also read bar codes
and/or RFID. For further clarity, the primary function of a
device may involve any of these functions in order to be
considered such a device. For example, a cellular tele-
phone, smartphone, or PDA that is capable of reading
bar codes or RFID tags is a device that reads bar codes
or RFID tags for purposes of this disclosure.
[0094] The RFID apparatus 500 may be configured to
read the plurality of RFID tags, such as the RFID tags
108 of FIG. 1, and acquire different types of information,
for example, backscattered phase information as de-
scribed herein and communicate such information to the
microprocessor 502 or memory 504. In another embod-
iment, the EIR device 528 may be configured to adjust
the RFID transmit power level. Signals transmitted from
or received by the RFID apparatus 500 may be provided
via antennae 530.
[0095] In some embodiments, the RFID apparatus 500
may include an inertial measurement unit (IMU) 532 (con-
taining one or more of a 3-axis accelerometer, a 3-axis
magnetometer or a 3-axis gyroscope sensor which may
provide orientation information) utilized to record the po-
sition of the RFID apparatus 500 in three-dimensional
space. The IMU 532 may also assist the RFID apparatus
500 in determining the orientation thereof during the proc-
ess of scanning for the plurality of RFID tags (such as
RFID tags 108 of FIG. 1) as the RFID apparatus 500
moves through space. The orientation of the RFID ap-
paratus 500 includes the position of the RFID apparatus
500 itself relative to a physical structure.
[0096] The RFID apparatus 500 may be at a given po-
sition, for example (x1, y1, z1), but the orientation of the
RFID apparatus 500 at this position may vary. The RFID
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apparatus 500 may be held upright at a position to define
one orientation, and may also be moved to an angle rel-
ative to any direction in three-dimensional space (while
the position of the RFID apparatus 500 is unchanged).
This movement represents a change in orientation. In
one embodiment, during the scanning process, both the
position and the orientation of the RFID apparatus 500
are calculated by the camera system 512 and/or the IMU
532, and the resultant data is stored and may be used
to facilitate locating an item or positioning the RFID ap-
paratus 500 as described in more detail herein. The RFID
apparatus 500 may further comprise a power supply 534
provided, e.g., by an AC converter. The components of
the RFID apparatus 500 can be incorporated into a va-
riety of different housings including a portable housing
(for example, as shown in FIG. 3) and a housing which
can be mounted on a fixed structure within a retail, man-
ufacturing or storage facility.
[0097] As described herein, various embodiments al-
low for the determination and display of location informa-
tion to facilitate locating one or more of the plurality of
RFID tags 108 (shown in FIG. 1). For example, a user
may enter a desired item to be located and a scanning
process is thereafter automatically initiated or initiated
by a front panel scan key. During scanning, image infor-
mation is acquired by the camera system 512 and may
be displayed in real-time or after scanning to facilitate
locating the item, as described herein.
[0098] The RFID apparatus 500 may further include
additional components 536 that may be configured to
facilitate the RFID apparatus 500 to perform additional
operations. For example, an RFID printer encoder may
facilitate the RFID apparatus 500 to print labels and en-
code RFID tags. In another example, a barcode scanner
may facilitate the RFID apparatus 500 to scan barcode
labels for association with the RFID tag. In another ex-
ample, a software application, referred to as the "middle-
ware", for example system applications and enterprise
applications, may facilitate the RFID apparatus 500 to
transfer data from the RFID apparatus 500 to an external
system that may process the data. In yet another exam-
ple, the additional components 536 may include an RF
filter, directional coupler, a frequency synthesizer, a
baseband modulator, a baseband demodulator, an RF
power detector, and the like, each of which may be con-
figured to communicatively couple with each other and
facilitate the RFID apparatus 500 to perform certain com-
mand-specific operations.
[0099] FIGS. 6A-6F illustrate various graphical repre-
sentations of unwrapped and wrapped first phase and
second phase angles of backscattered signals, accord-
ing to one or more embodiments of the present disclosure
described herein. With reference to FIG. 1, the graphical
representations correspond to example scenarios in
which the first RFID tag 108A is moving from left to right
along an X-axis with respect to the RFID reader system
102. The first RFID tag 108A is moving at a constant
velocity and at a known initial distance from the RFID

reader system 102.
[0100] With reference to FIG. 6A, a graphical repre-
sentation 600A shows the theoretical returned un-
wrapped first phase angles for high frequency band (for
example, UHF) for different tag distances of the first RFID
tag 108A from the first antenna 104C. The unwrapped
first phase angles extend well beyond the -180/+180 de-
gree limits (for example extending till 14,000 degrees)
that are commonly measured with RF devices. With ref-
erence to FIG. 6B, a graphical representation 600B
shows the theoretical returned wrapped first phase an-
gles for high frequency band (for example, UHF) for dif-
ferent distances as the first RFID tag 108A traverses
passed first antenna 104C. The wrapped first phase an-
gles are limited between the - 180/+180 degree limits.
However, the first phase angles change very rapidly with-
in a tag distance between -3 meters and 3 meters on the
X-axis. As shown in the graphical representation 600B,
for the graphical plot 602 for example amongst the other
graphical plots, the first phase angle has a large negative
slope as the tag distance varies from -0.2 meters to nearly
0 meters. As the tag distance approaches 0 meters, the
first phase angle wraps up and shows large positive slope
very rapidly. Hence, the position of the first RFID tag 108A
may not be determined based solely on the first phase
angles due to ambiguity as the location of the tag is not
uniquely identified.
[0101] FIGS. 6C and 6D illustrate graphical represen-
tations of unwrapped and wrapped second phase angles
of second backscattered signal in low frequency bands
(for example HF operating at 13MHz and have a wave-
length of approximate 23 meters), according to one or
more embodiments of the present disclosure described
herein. The graphical representations of 6D may corre-
spond to an example scenario in which the first RFID tag
108A is moving from left to right along an X-axis with
respect to the radio transceiver device 106. The first RFID
tag 108A is moving at a constant velocity and at a known
initial distance from the radio transceiver device 106.
[0102] With reference to FIG. 6C, a graphical repre-
sentation 600C illustrates the theoretical returned un-
wrapped second phase angles for low frequency band
(for example, HF) for different tag distances of the first
RFID tag 108A from the second antenna 106C. The un-
wrapped first phase angles extend well beyond the
-180/+180 degree limits, for example extending till
14,000 degrees, that are commonly measured with RF
devices. With reference to FIG. 6D, a graphical repre-
sentation 600D illustrates the theoretical returned
wrapped second phase angles for low frequency band
(for example, HF) for different tag distances of the first
RFID tag 108A from the second antenna 106C. The
wrapped second phase angles are limited between the
-180/+180 degree limits. The second phase angles
change very slowly within a tag distance between -3 me-
ters and 3 meters on the X-axis. As shown in the graphical
representation 600D, the second phase angle has a
small negative slope as the tag distance varies from -3

25 26 



EP 3 608 827 B1

15

5

10

15

20

25

30

35

40

45

50

55

meters to nearly 0 meters. As the tag distance approach-
es 0 meters, the second phase angle wraps up and shows
a small positive slope very slowly. Hence, for a given
second phase angle, a deterministic position of the first
RFID tag 108A may be ascertained, thereby providing
an approximated location of the RFID tag 108A. Howev-
er, such approximated location may not be a precise tag
location.
[0103] FIGS. 6E and 6F illustrate graphical represen-
tations of wrapped first and second phase angles of first
and second backscattered signals in high and low fre-
quency bands simultaneously, according to one or more
embodiments of the present disclosure described herein.
The graphical representations may correspond to an ex-
ample scenario, in which the first RFID tag 108A is mov-
ing from left to right along an X-axis with respect to the
RFID reader system 102. The first RFID tag 108A is mov-
ing at a constant velocity and at a known initial distance
from the RFID reader system 102.
[0104] With reference to FIG. 6E, a graphical repre-
sentation 600E illustrates the theoretical returned
wrapped first and second phase angles with noise com-
ponents for high frequency band (604) and low frequency
band (606) for different tag distances of the first RFID
tag 108A from the first antenna 104C and the second
antenna 106C. The wrapped first and second phase an-
gles are limited within the -180/+180 degree limits.
[0105] With reference to FIG. 6F, a graphical repre-
sentation 600F illustrates the returned wrapped first and
second phase angles for high frequency band (608) and
low frequency band (610) for tag distances 2.5 to 3.0
meters of the first RFID tag 108A from both of the first
antenna 104C and the second antenna 106C. It may be
noted that the tag distances indicated between the rapid
transition of the UHF phase angles between -180 and
+180 with a large negative slope are not valid candidate
distances. The graphical representation 600F of the re-
turned first and second phase angles indicate that when
the measured second phase is 90 degrees, then the sec-
ond distance, i.e. the approximate distance of the RFID
tag, such as the first RFID tag 108A, is 2.85 meters. Fur-
ther, when the first phase angle is measured at -120 de-
grees, then the plurality of first distances, i.e. the candi-
date distances, of the RFID tag, such as the first RFID
tag 108A, are 2.57 meters, 2.73 meters, and 2.89 meters.
Out of the plurality of first distances, the main control unit
110 may select a first distance (i.e. 2.89 meters) which
is closest to the approximated distance (i.e. 2.85 meters).
Hence, the position of the first RFID tag 108A becomes
determined without ambiguity, and the location of each
tag can be uniquely and precisely determined based on
an approximation by the returned second phase angle
and refined by the returned first phase angle. Although
FIG. 6E illustrates three candidate distances in the above
example, the present disclosure contemplates that the
number of candidate distances may be more than three
or less than three, without deviation from the scope of
the disclosure.

[0106] FIG. 7 illustrates an example scenario that de-
picts the operation of the RFID apparatus 300 in a ware-
house facility 700, according to one or more embodi-
ments of the present disclosure. In some embodiments,
the RFID apparatus 300 is moved in one or more direc-
tions to scan a region of interest to locate one or more
RFID tags disposed on one or more objects (such as the
first RFID tag 108A disposed on a first object 702) using
backscattered phase information from the example RFID
tag (such as the first RFID tag 108A). In this example,
the region of interest includes a warehouse storage area
in the warehouse facility 700, including shelving on which
many objects are located. Accordingly, the RFID appa-
ratus 300 is moved in order to locate one or more objects
of interest having one or more RFID tags.
[0107] In the illustrated embodiment, the RFID appa-
ratus 300 is a handheld RFID reader system that can
measure backscattered signal phases in different fre-
quency bands, such as HF and UHF, which are used to
provide RFID tag location information. For example, as
the RFID apparatus 300 is moved across the region of
interest (e.g., waved horizontally by a user to search for
an item, such as a container), backscattered phase sig-
nals are received. The received backscattered phase sig-
nals are processed to determine the unique location in-
formation of each of the one or more RFID tags (such as
the first RFID tag 108A). The unique location information
may be presented to the user through the imaging win-
dow 318 or the touch screen 306 of the RFID apparatus
300.
[0108] FIGS. 8A-8D illustrate flowcharts describing op-
erations of a RFID system for determining location infor-
mation of the plurality of RFID tags (such as the RFID
system 100 for determining location information of the
plurality of RFID tags 108) according to one or more em-
bodiments of the present disclosure. It will be understood
that each block of the flowcharts, and combinations of
blocks in the flowcharts, may be implemented by various
means, such as hardware, firmware, one or more proc-
essors, circuitry and/or other devices associated with ex-
ecution of software including one or more computer pro-
gram instructions. For example, one or more of the pro-
cedures described above may be embodied by computer
program instructions. In this regard, the computer pro-
gram instructions which embody the procedures de-
scribed above may be stored by a memory of an appa-
ratus employing some embodiments of the present dis-
closure and executed by a processor in the apparatus.
As will be appreciated, any such computer program in-
structions may be loaded onto a computer or other pro-
grammable apparatus (such as, hardware) to produce a
machine, such that the resulting computer or other pro-
grammable apparatus provides for implementation of the
functions specified in the flowcharts’ block(s). These
computer program instructions may also be stored in a
non-transitory computer-readable storage memory that
may direct a computer or other programmable apparatus
to function in a manner such that the instructions stored
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in the computer-readable storage memory produce an
article of manufacture, the execution of which imple-
ments the function specified in the flowcharts’ block(s).
The computer program instructions may also be loaded
onto a computer or other programmable apparatus to
cause a series of operations to be performed on the com-
puter or other programmable apparatus to produce a
computer-implemented process such that the instruc-
tions which execute on the computer or other program-
mable apparatus provide operations for implementing
the functions specified in the flowcharts’ block(s). As
such, the operations of FIGS. 8A and 8B when executed,
convert a computer or processing circuitry into a machine
configured to perform an example embodiment of the
present disclosure. Accordingly, the operations of FIGS.
8A and 8B define algorithms for configuring a computer
or processor, to perform an example embodiment. In
some cases, a general-purpose computer may be pro-
vided with an instance of the processor which performs
the algorithms of FIGS. 8A-8D transform the general-
purpose computer into a machine configured to perform
an example embodiment.
[0109] Accordingly, blocks of the flowchart support
combinations of means for performing the specified func-
tions and combinations of operations for performing the
specified functions. It will also be understood that one or
more blocks of the flowcharts, and combinations of
blocks in the flowchart, may be implemented by special
purpose hardware-based computer systems which per-
form the specified functions, or combinations of special
purpose hardware and computer instructions.
[0110] FIGS. 8A and 8B illustrate flowcharts 800A and
800B depicting a method for determining a unique loca-
tion information of each of the plurality of RFID tags 108,
according to one or more embodiments of the present
disclosure. In this regard, in an example embodiment,
various operations illustrated in reference to FIGS. 8A
and 8B may be performed by, with the assistance of,
and/or under the control of the circuitry of the RFID sys-
tem 100.
[0111] FIG. 8C illustrates a flowchart 800C depicting
a method for determining the first phase angle of a first
backscattered signal generated by the first RFID tag
108A, according to one or more embodiments of the
present disclosure. In this regard, in an example embod-
iment, various operations illustrated in reference to FIG.
8C may, for example, be performed by, with the assist-
ance of, and/or under the control of the circuitry of the
RFID reader 104 in the RFID reader system 102. FIG.
8D illustrates a flowchart 800D depicting a method for
determining the second phase angle of a second back-
scattered signal generated by the first RFID tag 108A,
according to one or more embodiments of the present
disclosure. In this regard, in an example embodiment,
various operations illustrated in reference to FIG. 8D
may, for example, be performed by, with the assistance
of, and/or under the control of the circuitry of the radio
transceiver device 106 in the RFID reader system 102.

[0112] The foregoing method descriptions and opera-
tions described in the flowcharts 800A-800D illustrated
in FIGS. 8A-8D are provided merely as illustrative exam-
ples and are not intended to require or imply that the
steps of the various embodiments must be performed in
the order presented. As will be appreciated by one of skill
in the art, the order of steps in the these embodiments
may be performed in different orders. In accordance with
an example embodiment, FIG. 8A indicates the flowchart
800A in which the operations 802A, 804A, 806A, and
808A are performed in parallel with operations 802B,
804B, 806B, and 808B. The parallel operations being
performed in the flowchart 800A correspond to some em-
bodiments in which the RFID reader system 102 trans-
mits the first and the second RF interrogation signals
simultaneously, and receives the first and the second
backscattered signals simultaneously. In accordance
with an alternative example embodiment, FIG. 8B illus-
trates the flowchart 800B, in which the operations 802A,
804A, 806A, and 808A are performed in a time-alternat-
ing manner with operations 802B, 804B, 806B, and 808B.
The time-alternating operations being performed in the
flowchart 800B corresponds to some embodiments in
which the RFID reader system 102 transmits the first and
the second RF interrogation signals in a time-alternating
manner and also receives the first and the second back-
scattered signals in a time-alternating manner.
[0113] Although FIGS. 8A-8D describe determination
of unique location of one RFID tag (e.g. the first RFID
tag 108A), the present disclosure contemplates that the
determination of unique location of other RFID tags of
the plurality of RFID tags 108 may be performed in the
similar manner such that the RFID reader system 102
communicates with each of the plurality of RFID tags 108
separately in isolation, one after the other, to prevent any
interference of RF signals, without deviation from the
scope of the disclosure.
[0114] Turning to operation 802A, the RFID system
100 includes means, such as the RFID reader 104, for
transmitting a first RF interrogation signal to an RFID tag
of the plurality of RFID tags 108, such as the first RFID
tag 108A. In an example embodiment, the first RF trans-
mitter 104A in the RFID reader 104 transmits the first RF
interrogation signal to the first RFID tag 108A via the first
antenna 104C under the control of the main control unit
110. Alternatively, the first RF transmitter 104A in the
RFID reader 104 transmits the first RF interrogation sig-
nal to the first RFID tag 108A via the first antenna 104C
under the control of the first signal processor 104D of the
RFID reader 104. In some embodiments, the RFID read-
er 104 may be operable at a high frequency band, for
example, the UHF band.
[0115] In some embodiments, the first RF transmitter
104A in the RFID reader 104 transmits the first RF inter-
rogation signal to the first RFID tag 108A via the first
antenna 104C upon triggering of the RFID reader system
102 by the user, via an input means (such as the touch
screen 306, the keyboard 312 including the scan key
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314, or the like in FIG. 3). The triggering of the RFID
reader system 102 may activate the first signal processor
104D, under the control of the main control unit 110, to
modulate an RF signal frequency band (corresponding
to the RFID reader 104 operating at 915 MHz (UHF)) and
generate the first RF interrogation signal for interrogation
of the first RFID tag 108A.
[0116] Turning to operation 804A, the RFID system
100 may include means, such as the RFID reader 104,
for receiving the first backscattered signal from the first
RFID tag 108A. In an example embodiment, the first RF
receiver 104B in the RFID reader 104 receives the first
backscattered signal from the first RFID tag 108A via the
first antenna 104C.
[0117] In some embodiments, the first backscattered
signal received from the first RFID tag 108A may include
useful data, for example an EPC identifier, a TID, or a
representation of a binary string, at least part of which is
equal to at least part of the specified one or more TIDs.
The first RFID tag 108A transmits the first backscattered
signal to the RFID reader 104 when the first RFID tag
108A inverts its inventoried flag and transitions to the
"Ready state." The inventoried flag may specify one of
four available sessions defined in a standard protocol,
such as Gen-2. When the RFID reader 104 reads the
EPC number of each RFID tag, the inventoried flag of
the RFID tag may switch, and the RFID tag may no longer
participate in the inventory round. Thus, the RFID reader
104 may verify that all the RFID tags within range have
been read when there are no more RFID tags left with a
given inventoried flag. This may require the RFID reader
104 to use a proper session. For example, Sessions S2,
and S3 may have a persistence time and the RFID reader
104 may energize the RFID tags before the persistence
time expires. S0 may have a zero-persistence time (i.e.
the RFID reader 104 must continually energize the RFID
tags). Further, for S1, it must be ensured that the entire
inventory round does not last longer than the persistence
time. The first RFID tag 108A attains the "Ready state"
after a sequence of transitions, as described in detail in
FIG. 1.
[0118] Turning to operation 806A, the RFID reader 104
may include means, such as the first signal processor
104D, for determining a first phase angle of the received
first backscattered signal. In some embodiments, the first
signal processor 104D in the RFID reader 104 deter-
mines the first phase angle of the received first backscat-
tered signal.
[0119] In some embodiments, the first phase angle of
the first backscattered signal received in response to the
first RF interrogation signal may be utilized to provide the
basic information that can be used to determine spatial
information about an RFID tag associated with an object,
such as the first RFID tag 108A, as described in operation
810. Examples of the object may include, but are not
limited to, a package, an item, a person, or an animal.
[0120] In some embodiments, the first signal processor
104D, in conjunction with the main signal processor 112,

may be configured to determine the first phase angle
(such as, ϕ of the first backscattered signal based on the
operations 820-822, described in FIG. 8C.
[0121] With reference to FIG. 8C, at operation 820, the
RFID reader 104 may include means, such as the first
RF receiver 104B, for demodulating the first backscat-
tered signal into an I (in-phase) component and Q (quad-
rature) component. In various embodiments, the values
for I and Q may be noisy. Thus, the RFID reader 104 may
use multiple adjacent I and Q values in the first backscat-
tered signal, for example, by taking the root mean square
(RMS) value of several adjacent I samples as the I value,
and the RMS value of several adjacent Q samples as the
Q value.
[0122] More specifically, the I and Q components of
the received and demodulated first backscattered signal
are composed of direct current (DC) and alternating cur-
rent (AC) parts, represented by following equations (1)
and (2): 

[0123] The DC parts may be due to the RFID reader
104 transmit-receive leakage, static environment clutter,
and backscatter from the first RFID tag 108A (which con-
tains both static and modulated components).
[0124] In some embodiments, the RFID reader 104
may include means, such as the main signal processor
112 or the first signal processor 104D in conjunction with
the main signal processor 112, for determining the signal
strength averages for the I and Q signals of the first back-
scattered signal.
[0125] In some embodiments, after the DC part is fil-
tered out, the main signal processor 112 or the first signal
processor 104D in conjunction with the main signal proc-
essor 112, centers the RFID tag constellation (i.e. adja-
cent RFID tags) at zero and measures the RSSI as rep-
resented by following equation (3): 

where Z0 is the input impedance (such as 50 Ω) of the

first RF receiver 104B,  is the voltage due to the
first backscattered signal from the first RFID tag 108A
when the signal processors 206 indicate that the inte-
grated circuit (IC) of the first RFID tag 108A is in state i.
[0126] Turning to operation 822, the RFID reader 104
may include means, such as the main signal processor
112 or the first signal processor 104D in conjunction with
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the main signal processor 112, for calculating the first
phase angle (<p) of the first backscattered signal by tak-
ing the arctangent of (Q/I), as represented by following
equations (4) and (5). 

where, in some embodiments, the arctangent of (Q/I)

may be aided by a lookup table, and  is the voltage
due to the first backscattered signal from the first RFID
tag 108A when the signal processors 206 indicate that
the integrated circuit (IC) of the first RFID tag 108A is in
state i/.
[0127] In a propagation environment of the RFID sys-
tem 100, the phase angle of the received first backscat-
tered signal may be calculated by following equation (6): 

where ϕprop is the phase accumulated due to the elec-
tromagnetic wave propagation, ϕ0 is the phase offset
which includes phases of the cables and other RFID read-
er 104 and antenna components, and ϕBS is the back-
scatter phase of the tag modulation.
[0128] In some embodiments, if an initial tag distance
is known, the first signal processor 104D in the RFID
reader 104 may use a classical phasor formula for elec-
tromagnetic field propagating in free space (whose phase
is proportional to the distance travelled). In such some
embodiments, the phase accumulated due to the elec-
tromagnetic wave propagation may be calculated, as rep-
resented by following equation (7): 

where K = 2πf/c is the wavevector (proportional to the
frequency), and d is the initial distance of the tag.
[0129] The phase angle, as calculated based on equa-
tion (7), linearly varies with the initial tag distance. When
the tag is moved away or towards the RFID reader 104

(in free space), both vectors  and  rotate
simultaneously and cause 360 degrees tag signal phase
angle change for every λ/2 of radial tag movement, as
illustrated in graphical representations 600A and 600B
described in FIGS. 6A and 6B, respectively. Subsequent
to operation 822, the flowchart 800C returns to operation
808A of FIG. 8A or FIG. 8B.
[0130] Turning to operation 808A, the RFID reader 104

may include means, such as the first signal processor
104D, for determining a plurality of first distances be-
tween the RFID reader 104 and the first RFID tag 108A
based on the first phase angle determined by the RFID
reader 104, as shown in the operations described in FIG.
8C.
[0131] In some embodiments, the RFID reader 104
may include means, such as the first signal processor
104D, for determining each of the first plurality of distanc-
es by measuring the first phase angles at different fre-
quencies. In various embodiments, the determination
maybe based on ranging technique, such as frequency
modulated continuous wave (FM CW) radar, or similar
harmonic radar. By measuring the first phase angles of
the first backscattered signal at several frequencies, tak-
ing the derivative of the first phase angle with respect to
frequency of the first RF signal, and assuming that (a)
other two components of the tag phase (phase offset and
tag backscatter phase) do not change with frequency or
can be calibrated out, and (b) the tag has not moved
much (less than wavelength) during the measurements,
the first signal processor 104D determines one of the first
plurality of distances, as represented by following equa-
tion (8): 

where c is the speed of light, f is the transmitting carrier

frequency, and  corresponds to partial derivative of
the first phase angle with respect to frequency of the first
RF signal.
[0132] However, the first RFID tag 108A may be a hy-
brid UHF/HF tag that is moving in free space on a specific
trajectory on a horizontal axis at a distance (for example,
1 meter) with respect to the RFID reader 104. In such a
case, the first phase angle of the first backscattered sig-
nal corresponding to the higher frequency RF signal (for
example, UHF) may roll over +180 degrees to -180 de-
grees multiple times over the course of the movement of
the first RFID tag 108A from left to right. The phase angles
of the first backscattered signal may roll over +180 de-
grees to -180 degrees multiple times because, at higher
frequency bands (such as UHF (for example, 915 MHz)),
the wavelength is small (for example, about 30 cm), as
shown in FIG. 6B.
[0133] For example, referring back to FIG. 6A, in the
example scenario, considering the first phase angles to
be "unwrapped" (i.e. the first phase angles are extending
beyond the - 180/+180 degree limits), the first phase an-
gles change very rapidly extending beyond 12,000 de-
grees for the same distance range. Thus, the first phase
angle of the received first backscattered signal rolls over
between -180/+180 degree each time the first RFID tag
108A is moved half a wavelength towards or away from
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the RFID reader 104. Consequently, the first signal proc-
essor 104D may determine a plurality of first distances
between the RFID reader 104 and the first RFID tag
108A. For example, referring back to FIG. 6F, for an ex-
ample distance range between 2.5 to 3.0 meters, if the
determined first phase angle is -120 degrees, then the
plurality of first distances are at least 2.57 meters, 2.73
meters, and 2.89 meters. Subsequent to operation 808A,
the flowchart proceeds to operation 810.
[0134] Turning to operation 802B, the RFID system
100 includes means, such as the radio transceiver device
106, for transmitting a second RF interrogation signal to
the RFID tag of the plurality of RFID tags 108, such as
the first RFID tag 108A. In an example embodiment, the
second RF transmitter 106A in the radio transceiver de-
vice 106 transmits the second RF interrogation signal to
the first RFID tag 108A via the second antenna 106C
under the control of the main control unit 110. Alterna-
tively, the second RF transmitter 106A in the radio trans-
ceiver device 106 transmits the second RF interrogation
signal to the first RFID tag 108A via the second antenna
106C under the control of the second signal processor
106D that is local to the radio transceiver device 106. In
some embodiments, the radio transceiver device 106
may be operable at a low frequency band. For example,
the low frequency band may correspond to the HF band.
As discussed above, the second wavelength of the sec-
ond RF interrogation signal transmitted by the radio
transceiver device 106 is longer than a first wavelength
of the first RF interrogation signal transmitted by the RFID
reader 104.
[0135] In some embodiments, the second RF transmit-
ter 106A in the radio transceiver device 106 transmits
the second RF interrogation signal to the first RFID tag
108A via the second antenna 108C upon triggering of
the RFID reader system 102 by the user, via an input
means (such as the touch screen 306, the keyboard 312
including the scan key 314, or the like in FIG. 3). The
triggering of the RFID reader system 102 may activate
the second signal processor 106D, under the control of
the main control unit 110, to modulate an RF signal in
lower frequency band (corresponding to the radio trans-
ceiver device 106 operating at 13.6 MHz (HF)) and gen-
erate the second RF interrogation signal for interrogation
of the first RFID tag 108A.
[0136] Turning to operation 804B, the RFID system
100 may include means, such as the radio transceiver
device 106, for receiving the second backscattered signal
from the first RFID tag 108A. In an example embodiment,
the second RF receiver 106B in the radio transceiver
device 106 receives the second backscattered signal
from the first RFID tag 108A via the second antenna
106C.
[0137] Turning to operation 806B, the radio transceiver
device 106 may include means, such as the second sig-
nal processor 106D, for determining a second phase an-
gle of the received second backscattered signal. In some
embodiments, the second signal processor 106D (local

to the radio transceiver device 106) determines the sec-
ond phase angle of the received second backscattered
signal, as described in flowchart 800D in FIG. 8D. The
second phase angle of the second backscattered signal
is unique at a distance up to half of wavelength of the
second RF interrogation signal. The distance may cor-
respond to a maximum range of the first RF interrogation
signal, i.e. the UHF interrogation signal.
[0138] With reference to flowchart 800D in FIG. 8D,
turning to operation 830, the radio transceiver device 106
includes means, such as the second antenna 106C, for
generating two representative signals corresponding to
the received second backscattered signal. In some em-
bodiments, a first sub-antenna (such as whip, dipole, or
monopole antenna) of the second antenna 106C may be
configured to generate the first representative signal,
which corresponds to a first component of the second
backscattered signal. Further, a second sub-antenna
(such as loop and loopstick antenna) of the second an-
tenna 106C may be configured to generate the second
representative signal, which corresponds to a second
component of the second backscattered signal. In some
embodiments, the first sub-antenna is an electric or E-
field antenna that permits the second RF receiver 106B
to generate the first representative signal provided to sig-
nal comparator. In some embodiments, the second sub-
antenna is a magnetic or H-field antenna that permits the
second RF receiver 106B to generate the second repre-
sentative signal provided to signal comparator. The first
and the second components of the second backscattered
signal may differ in polarization or other such detectable
property.
[0139] Turning to operation 832, the radio transceiver
device 106 includes means, such as the second signal
processor 106D, for identifying a difference between the
two representative signals that correspond to the second
backscattered signal. In some embodiments, a signal
comparator in the second signal processor 106D may be
configured to identify a difference between the two rep-
resentative signals that correspond to the second back-
scattered signal. In various embodiments, the identified
difference may be a difference in phase, a difference in
amplitude, or any other difference between the two rep-
resentative signals. In some embodiments, the signal
comparator (which may be embodied as a phase detec-
tor) in the second signal processor 106D of the radio
transceiver device 106 identifies the difference between
the two representative signals and generates a third sig-
nal proportional to or otherwise related to the difference
identified by signal comparator.
[0140] In some embodiments, the signal comparator
(embodied in a phase detector) may be configured to
determine a phase difference between the two represent-
ative signals. The phase detector may correspond to a
mixer that receives the two representative signals and
produces a quasi-static signal proportional to a quasi-
static phase difference between the first and second rep-
resentative signals. In an alternate embodiment, the
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phase detector may be implemented with an AND gate
having the two representative signals as inputs, and the
output of the AND gate is provided to an integrator. The
output of the integrator is a quasi-static signal proportion-
al to a quasi-static phase difference between the two rep-
resentative signals. The term "Quasi-static" may corre-
spond to varying on a time scale substantially similar to
a variation in phase.
[0141] In some embodiments, the phase detector may
receive or capture a time domain signal and detect zero
crossings or other characteristics of wave shape in order
to determine an effective phase difference between the
two representative signals. Subsequent to operation 832,
the flowchart 800D returns to operation 808B of FIG. 8A
or FIG. 8B.
[0142] Turning to operation 808B, the radio transceiver
device 106 may include means, such as the second sig-
nal processor 106D, for determining a second distance
between the RFID reader 104 and the first RFID tag 108A
based on the second phase angle determined by the ra-
dio transceiver device 106.
[0143] The radio transceiver device 106 includes
means, such as the second RF receiver 106B, for deter-
mining a second distance between the first RFID tag
108A and the radio transceiver device 106. In some em-
bodiments, the second signal processor 106D of the ra-
dio transceiver device 106 receives the third signal from
the signal comparator through the second RF receiver
106B, and determines the second distance between the
first RFID tag 108A and the radio transceiver device 106.
[0144] In some embodiments, the second signal proc-
essor 106D may be configured to convert the measured
phase difference to the second distance between the ra-
dio transceiver device 106 and the first RFID tag 108A.
In another embodiment, the second signal processor
106D, in conjunction with an analog to digital converter
and a micro-controller or microprocessor, may be con-
figured to calculate the second distance based on an
applied voltage received from the phase detector. For
example, the signal processor 106D may determine the
second distance (this is an approximate distance) be-
tween the RFID reader 104 and the first RFID tag 108A
(based on the second phase angle determined by the
radio transceiver device 106) to be as 2.85 meters.
[0145] Turning to operation 810, the RFID reader sys-
tem 102 includes means, such as the main control unit
110, for determining a final distance between the RFID
reader 104 and the first RFID tag 108A based on a se-
lection of one of the plurality of first distances with respect
to the determined second distance. The main control unit
110 may be configured to select one of the plurality of
first distances that is nearest to the determined second
distance. Continuing with the example, the one of the
plurality of first distances, i.e. 2.89 meters, is nearest to
approximate distance 2.85 meters, so the final distance
in the example is 2.89 meters.
[0146] Turning to operation 812, the RFID system 100
includes means, such as the main control unit 110, for

causing the determined final distance between the RFID
reader system 102 and the first RFID tag 108A to be
displayed at a user interface on the display interface 114
of the RFID reader system 102.
[0147] Turning to operation 814, the RFID system 100
includes means, such as the main control unit 110, for
transmitting the determined final distance between the
RFID reader system 102 and the first RFID tag 108A,
through the communication module 120, to a remote
processing device operable in a specific application area.
[0148] FIGS. 9A and 9B illustrate flowcharts 900A and
900B depicting a method for generating backscattered
signals by the first RFID tag 108A, according to one or
more embodiments of the present disclosure. In an ex-
ample embodiment, various operations illustrated in ref-
erence to FIGS. 9A and 9B may be performed by, with
the assistance of, and/or under the control of the circuitry
of the RFID tags 108 (for example, RFID tag 108A) in
the RFID system 100.
[0149] FIG. 9A indicates the flowchart 900A in which
the operations 902A and 908A are performed in parallel
with operations 902B and 908B, respectively. In accord-
ance with an alternative example embodiment, FIG. 9B
indicates the flowchart 900B in which the operation 902A
is performed in a time-alternating manner with operation
902B, and operation 908A is performed in a time-alter-
nating manner with operation 908B. The time-alternating
operations being performed in the flowchart 900B corre-
sponds to some embodiments in which the first RFID tag
108A receives the first and the second RF interrogation
signals in a time-alternating manner and also transmits
the first and the second backscattered signals in a time-
alternating manner.
[0150] Turning to operation 902A, the first RFID tag
108A includes means, such as the RFID tag antenna
202, for receiving the first RF interrogation signal from
the RFID reader 104. In an example embodiment, the
RF frontend 204 in the first RFID tag 108A receives the
first RF interrogation signal from the RFID reader 104 via
the RFID tag antenna 202.
[0151] Turning to operation 902B, the first RFID tag
108A includes means, such as the RFID tag antenna
202, for receiving the second RF interrogation signal from
the radio transceiver device 106. In an example embod-
iment, the RF frontend 204 in the first RFID tag 108A
receives the second RF interrogation signal from the ra-
dio transceiver device 106 via the RFID tag antenna 202.
[0152] In some embodiments, the RFID tag antenna
202 of the RFID tag include different sub-antennas, each
sub-antenna being configured for a corresponding fre-
quency band. For example, with reference to FIG. 2, the
first sub-antenna corresponds to the first antenna struc-
ture 210A operable at a first frequency, and the second
sub-antenna corresponds to the second antenna struc-
ture 210B operable at a second frequency. In another
embodiment, the RFID tag antenna 202 of the RFID tag
is a dual-band antenna in which the tag antenna of the
first RFID tag 108A is tuned to be operable at different
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frequency bands.
[0153] Turning to operation 904, the first RFID tag
108A includes means, such as the RF frontend 204, for
harvesting energy from one of the first RF interrogation
signal and/or the second RF interrogation signal. In an
example embodiment, the RFID tag antenna 202 of the
first RFID tag 108A may be configured to cause a power
to be induced, thereby harvesting energy upon receiving
the first backscattered signal from the RFID reader 104
and the second backscattered signal from the radio trans-
ceiver device 106. In some embodiments, the harvested
energy may be utilized to power the first antenna struc-
ture 210A and the second antenna structure 210B,
through the feed terminal 208.
[0154] In some embodiments, each of the plurality of
RFID tags 108 may implement a state machine. Once
energized, each of the plurality of RFID tags 108, such
as the first RFID tag 108A, may change its current state
to "Ready state." The first RFID tag 108A may select a
random integer from the range of, for example [0; 2Q-1],
responsive to receiving "Query command" from the RFID
reader system 102. If the value of zero is selected, the
first RFID tag 108A may transition to the "Reply state"
for backscattering a 16-bit random number in form of RF
signals, as described in operation 906. If a non-zero value
is selected, the RFID tag may load the selected random
integer into its slot counter and change its state to "Arbi-
trate state." Each RFID tag may implement a 15-bit slot
counter. An RFID tag with non-zero slot counter remains
in the "Arbitrate state" until its slot counter equals zero.
Tags in the "Arbitrate state responds to all commands,
such as Query, QueryRep and QueryAdjust commands.
[0155] Turning to operation 906, the first RFID tag
108A includes means, such as the signal processors 206,
for generating the first backscattered signal. In an exam-
ple embodiment, the first antenna structure 210A, oper-
able in the first frequency band and in conjunction with
the signal processors 206, may be configured to generate
the first backscattered signal based on the received first
RF interrogation signal.
[0156] Further, the first RFID tag 108A includes
means, such as the signal processors 206, for generating
the second backscattered signal. In an example embod-
iment, the second antenna structure 210B, operable in
the second frequency band and in conjunction with the
signal processors 206, may be configured to generate
the second backscattered signal based on the received
second RF interrogation signal. The first antenna struc-
ture 210A may be configured to backscatter high frequen-
cy band signals and the second antenna structure 210B
may be configured to backscatter low frequency band
signals.
[0157] In some embodiments, in response to receiving
the RFID tag transmission from the first RFID tag 108A,
the RFID reader system 102 may acknowledge with "Ack
command" containing the same random number. In re-
sponse to receiving the "Ack command", the first RFID
tag 108A may change its state to "Acknowledged state"

and backscatter its protocol control (PC) bits, EPC and
cyclic redundancy check (CRC) value to each of the RFID
reader 104 and the radio transceiver device 106, accord-
ing to respective frequency bands. If the first RFID tag
108A is unacknowledged, the signal processors 206 in
the first RFID tag 108A may select a new random integer
from the range of [0; 2Q-1], load the value into its slot
counter, and change its state to "Arbitrate state." In re-
sponse to receiving "QueryAdjust command", the first
RFID tag 108A in the "Arbitrate state" decrements the
value of its slot counter and backscatter its PC bits, EPC
and CRC value if its slot counter is equal to zero. The
"QueryAdjust command" may be one of the basic inven-
tory commands that may be used to adjust a value of the
slot counter of an RFID tag, such as the first RFID tag
108A, without changing any other parameters.
[0158] Turning to operation 908A, the first RFID tag
108A includes means, such as the RFID tag antenna
202, for transmitting the generated first backscattered
signal to the RFID reader 104. In an example embodi-
ment, the first antenna structure 210A of the first RFID
tag 108A may be configured to transmit the generated
first backscattered signal to the RFID reader 104 in the
RFID reader system 102.
[0159] In response to transmitting the PC, EPC and
16-bit CRC value of the RFID tag to the RFID reader
system 102, the first RFID tag 108A may receive a "Que-
ryAdjust command" from the RFID reader system 102
causing the first RFID tag 108A to invert its Inventoried
flag and to transition to "Ready state." Thereafter, the
first RFID tag 108A may be configured to receive various
access commands from the RFID reader system 102 for
communication. The access commands may include var-
ious commands, for example, requesting a handle from
an RFID tag, read from and/or write to reserved, EPC,
TID and memory of the RFID tag, disable the RFID tag,
lock the RFID tag, and the like.
[0160] Turning to operation 908B, the first RFID tag
108A includes means, such as the RFID tag antenna
202, for transmitting the generated second backscat-
tered signal to the radio transceiver device 106. In an
example embodiment, the second antenna structure
210B of the first RFID tag 108A, may be configured to
transmit the generated second backscattered signal to
the radio transceiver device 106 in the RFID reader sys-
tem 102. In some embodiments, as illustrated in FIG. 9A,
the first backscattered signal and the second backscat-
tered signal are transmitted simultaneously. In another
embodiment, as illustrated in FIG. 9B, the first backscat-
tered signal and the second backscattered signal are
transmitted in time alternating manner.
[0161] As described in FIGS 9A and 9B, the first RFID
tag 108A may have a long range (expected from a high
frequency (such as UHF) RFID tags), which is of the order
of 10 meters. The distance to the first RFID tag 108A is
calculated based on its low frequency (such as HF) sec-
ond phase angle of the second backscattered signal,
which is unique at distances up to half wavelength (for
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example, 11 meters for 13.56 MHz), which is the maxi-
mum practical range for the high frequency (such as
UHF) RFID tags.
[0162] In some example embodiments, certain ones
of the operations herein may be modified or further am-
plified. Moreover, in some embodiments additional op-
tional operations may also be included. It should be ap-
preciated that each of the modifications, optional addi-
tions or amplifications described herein may be included
with the operations herein either alone or in combination
with any others among the features described herein.
[0163] The foregoing method descriptions and the
process flow diagrams are provided merely as illustrative
examples and are not intended to require or imply that
the steps of the various embodiments must be performed
in the order presented. As will be appreciated by one of
skill in the art the order of steps in the foregoing embod-
iments may be performed in any order. Words such as
"thereafter," "then," "next," etc. are not intended to limit
the order of the steps; these words are simply used to
guide the reader through the description of the methods.
Further, any reference to claim elements in the singular,
for example, using the articles "a," "an" or "the" is not to
be construed as limiting the element to the singular.
[0164] The various illustrative logical blocks, modules,
circuits, and algorithm steps described in connection with
the embodiments disclosed herein may be implemented
as electronic hardware, computer software, or combina-
tions of both. To clearly illustrate this interchangeability
of hardware and software, various illustrative compo-
nents, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality.
Whether such functionality is implemented as hardware
or software depends upon the particular application and
design constraints imposed on the overall system. Skilled
artisans may implement the described functionality in
varying ways for each particular application, but such im-
plementation decisions should not be interpreted as
causing a departure from the scope of the present dis-
closure.
[0165] The hardware used to implement the various
illustrative logics, logical blocks, modules, and circuits
described in connection with the aspects disclosed here-
in may be implemented or performed with a general pur-
pose processor, a digital signal processor (DSP), an ap-
plication specific integrated circuit (ASIC), a field pro-
grammable gate array (FPGA) or other programmable
logic device, discrete gate or transistor logic, discrete
hardware components, or any combination thereof de-
signed to perform the functions described herein. A gen-
eral-purpose processor may be a microprocessor, but,
in the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine.
A processor may also be implemented as a combination
of computing devices, such as, a combination of a DSP
and a microprocessor, a plurality of microprocessors, one
or more microprocessors in conjunction with a DSP core,
or any other such configuration. Alternatively, some steps

or methods may be performed by circuitry that is specific
to a given function.
[0166] Embodiments of the present disclosure have
been described above with reference to block diagrams
and flowchart illustrations of methods, apparatuses, sys-
tems and computer program goods. It will be understood
that each block of the circuit diagrams and process flow-
charts, and combinations of blocks in the circuit diagrams
and process flowcharts, respectively, may be implement-
ed by various means including computer program in-
structions. These computer program instructions may be
loaded onto a general purpose computer, special pur-
pose computer, or other programmable data processing
apparatus discussed above with reference to FIG. 1, to
produce a machine, such that the computer program
product includes the instructions which execute on the
computer or other programmable data processing appa-
ratus create a means for implementing the functions
specified in the flowchart block or blocks.
[0167] Accordingly, blocks of the block diagrams and
flowchart illustrations support combinations of means for
performing the specified functions, combinations of steps
for performing the specified functions and program in-
struction means for performing the specified functions. It
will also be understood that each block of the circuit di-
agrams and process flowcharts, and combinations of
blocks in the circuit diagrams and process flowcharts,
may be implemented by special purpose hardware-
based computer systems that perform the specified func-
tions or steps, or combinations of special purpose hard-
ware and computer instructions.
[0168] In one or more aspects, the functions described
may be implemented in hardware, software, firmware, or
any combination thereof. If implemented in software, the
functions may be stored as one or more instructions or
code on a non-transitory computer-readable medium or
non-transitory processor-readable medium. The steps of
a method or algorithm disclosed herein may be embodied
in a processor-executable software module (or proces-
sor-executable instructions) which may reside on a non-
transitory computer-readable or processor-readable
storage medium. Non-transitory computer-readable or
processor-readable storage media may be any storage
media that may be accessed by a computer or a proces-
sor. By way of example but not limitation, such non-tran-
sitory computer-readable or processor-readable media
may include RAM, ROM, EEPROM, FLASH memory,
CD-ROM or other optical disk storage, magnetic disk
storage or other magnetic storage devices, or any other
medium that may be used to store desired program code
in the form of instructions or data structures and that may
be accessed by a computer. Disk and disc, as used here-
in, includes compact disc (CD), laser disc, optical disc,
digital versatile disc (DVD), floppy disk, and blu-ray disc
where disks usually reproduce data magnetically, while
discs reproduce data optically with lasers. Combinations
of the above are also included within the scope of non-
transitory computer-readable and processor-readable
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media. Additionally, the operations of a method or algo-
rithm may reside as one or any combination or set of
codes and/or instructions on a non-transitory processor-
readable medium and/or computer-readable medium,
which may be incorporated into a computer program
product.
[0169] While various embodiments in accordance with
the principles disclosed herein have been shown and de-
scribed above, modifications thereof may be made by
one skilled in the art without departing from the teachings
of the disclosure. The embodiments described herein are
representative only and are not intended to be limiting.
Many variations, combinations, and modifications are
possible and are within the scope of the disclosure. Al-
ternative embodiments that result from combining, inte-
grating, and/or omitting features of the embodiment(s)
are also within the scope of the disclosure. Accordingly,
the scope of protection is not limited by the description
set out above, but is defined by the claims which follow.
Each and every claim is incorporated as further disclo-
sure into the specification and the claims are embodi-
ment(s) of the present disclosure(s). Furthermore, any
advantages and features described above may relate to
specific embodiments, but shall not limit the application
of such issued claims to processes and structures ac-
complishing any or all of the above advantages or having
any or all of the above features.
[0170] These headings shall not limit or characterize
the disclosure(s) set out in any claims that may issue
from this disclosure. For instance, a description of a tech-
nology in the "Background" is not to be construed as an
admission that certain technology is prior art to any dis-
closure(s) in this disclosure. Neither is the "Summary" to
be considered as a limiting characterization of the dis-
closure(s) set forth in issued claims. Furthermore, any
reference in this disclosure to "disclosure" in the singular
should not be used to argue that there is only a single
point of novelty in this disclosure. Multiple disclosures
may be set forth according to the limitations of the multiple
claims issuing from this disclosure, and such claims ac-
cordingly define the disclosure(s), and their equivalents,
that are protected thereby. In all instances, the scope of
the claims shall be considered on their own merits in light
of this disclosure, but should not be constrained by the
headings set forth herein.
[0171] Also, techniques, systems, subsystems, and
methods described and illustrated in the various embod-
iments as discrete or separate may be combined or in-
tegrated with other systems, modules, techniques, or
methods without departing from the scope of the present
disclosure. Other objects shown or discussed as directly
coupled or communicating with each other may be indi-
rectly coupled or communicating through some interface,
device, or intermediate component, whether electrically,
mechanically, or otherwise. Other examples of changes,
substitutions, and alterations are ascertainable by one
skilled in the art and could be made without departing
from the scope disclosed herein.

[0172] Many modifications and other embodiments of
the disclosures set forth herein will come to mind to one
skilled in the art to which these disclosures pertain having
the benefit of teachings presented in the foregoing de-
scriptions and the associated drawings. Although the fig-
ures only show certain components of the apparatus and
systems described herein, it is understood that various
other components may be used in conjunction with the
supply management system. Therefore, it is to be under-
stood that the disclosures are not to be limited to the
specific embodiments disclosed and that modifications
and other embodiments are intended to be included with-
in the scope of the appended claims. For example, the
various elements or components may be combined or
integrated in another system or certain features may be
omitted or not implemented. Moreover, the steps in the
method described above may not necessarily occur in
the order depicted in the accompanying diagrams, and
in some cases one or more of the steps depicted may
occur substantially simultaneously, or additional steps
may be involved. Although specific terms are employed
herein, they are used in a generic and descriptive sense
only and not for purposes of limitation.

Claims

1. A radio frequency identification (RFID) reader sys-
tem (102) comprising:

an RFID reader (104) operable at a high fre-
quency band, wherein the RFID reader is con-
figured to:

receive a first backscattered signal at the
high frequency band from an RFID tag in
response to a transmission of a first radio
frequency (RF) interrogation signal; and
determine a first phase angle of the received
first backscattered signal;

a radio transceiver device operable at a low fre-
quency band, wherein the radio transceiver de-
vice is configured to:

receive a second backscattered signal at
the low frequency band from the RFID tag
in response to a transmission of a second
RF interrogation signal; and
determine a second phase angle of the re-
ceived second backscattered signal; and

a main control unit coupled to the RFID reader
and the radio transceiver device, wherein the
main control unit is configured to:

determine a plurality of first distances based
on the first phase angle;
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determine a second distance based on the
second phase angle; and
select one of the plurality of first distances
as a final distance between the RFID reader
and the RFID tag based on the determined
second distance.

2. The RFID reader system according to claim 1,
wherein the transmission of the second RF interro-
gation signal is simultaneous to the transmission of
the first RF interrogation signal.

3. The RFID reader system according to claim 1,
wherein the transmission of the second RF interro-
gation signal is in time alternating manner with re-
spect to the first RF interrogation signal.

4. The RFID reader system according to claim 1 further
comprising an RFID tag, wherein the first RF inter-
rogation signal and/or the second RF interrogation
signal are configured to energize the RFID tag,
wherein the energized RFID tag is utilized to power
a first antenna structure and a second antenna struc-
ture through a feed terminal in the RFID tag.

5. The RFID reader system according to claim 4,
wherein the first antenna structure is electromagnet-
ically coupled to the second antenna structure in a
tag antenna of the RFID tag, wherein the first anten-
na structure is configured to generate the first back-
scattered signal in high frequency band and the sec-
ond antenna structure is configured to generate the
second backscattered signal in low frequency band.

6. The RFID reader system according to claim 1 further
comprising an RFID tag, wherein a tag antenna of
the RFID tag comprises different sub-antennas,
each sub-antenna being configured for a corre-
sponding frequency band.

7. The RFID reader system according to claim 1,
wherein the second phase angle of the second back-
scattered signal is unique at a distance up to half of
wavelength of the second RF interrogation signal.

8. The RFID reader system according to claim 1,
wherein the RFID reader and the radio transceiver
device are further configured to receive data from
the RFID tag via the first backscattered signal and
the second backscattered signal, respectively.

9. The RFID reader system according to claim 1,
wherein a first signal processor in the RFID reader
is further configured to:

determine the first phase angle of the received
first backscattered signal; and
transmit the determined first phase angle to the

main control unit.

10. The RFID reader system according to claim 1,
wherein a second signal processor in the radio trans-
ceiver device is further configured to:

determine the second phase angle of the re-
ceived second backscattered signal; and
transmit the determined second phase angle to
the main control unit.

11. A method for determining radio frequency identifica-
tion (RFID) tag distance, the method comprising:

receiving, by a RFID reader system, a first back-
scattered signal at a high frequency band from
an RFID tag in response to a transmission of a
first radio frequency (RF) interrogation signal,
wherein the RFID reader system comprises an
RFID reader operable at the high frequency
band;
determining, by the RFID reader system, a first
phase angle of the received first backscattered
signal;
receiving, by the RFID reader system, a second
backscattered signal at a low frequency band
from the RFID tag in response to a transmission
of a second RF interrogation signal, wherein the
RFID reader system comprises a radio trans-
ceiver device operable at the low frequency
band; and
determining, by the RFID reader system, a sec-
ond phase angle of the received second back-
scattered signal;
determining, by the RFID reader system, a plu-
rality of first distances based on the first phase
angle;
determining, by the RFID reader system, a sec-
ond distance based on the second phase angle;
and
selecting, by the RFID reader system, one of the
plurality of first distances as a final distance be-
tween the RFID reader system and the RFID tag
based on the determined second distance.

12. The method according to claim 11, wherein the trans-
mission of the second RF interrogation signal is si-
multaneous to the transmission of the first RF inter-
rogation signal.

13. The method according to claim 11, wherein the trans-
mission of the second RF interrogation signal is in
time alternating manner with respect to the first RF
interrogation signal.

14. The method according to claim 11, wherein the se-
lection of the one of the plurality of first distances is
based on proximity to the determined second dis-
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tance.

Patentansprüche

1. Funkfrequenz-Identifikationslesersystem (RFID-Le-
sersystem) (102), umfassend:

einen RFID-Leser (104), der in einem Hochfre-
quenzband funktionsfähig ist, wobei der RFID-
Leser konfiguriert ist, um:

ein erstes rückgestreutes Signal in dem
Hochfrequenzband von einem RFID-Etikett
als Reaktion auf eine Übertragung eines
ersten Funkfrequenzabfragesignals (HF-
Abfragesignals) zu empfangen; und
einen ersten Phasenwinkel des empfange-
nen ersten rückgestreuten Signals zu be-
stimmen;

eine Funk-Sende-/Empfangsvorrichtung, die in
einem Niederfrequenzband funktionsfähig ist,
wobei die Funk-Sende-/Empfangsvorrichtung
konfiguriert ist, um:

ein zweites rückgestreutes Signal in dem
Niederfrequenzband von dem RFID-Etikett
als Reaktion auf eine Übertragung eines
zweiten HF-Abfragesignals zu empfangen;
und
einen zweiten Phasenwinkel des empfan-
genen zweiten rückgestreuten Signals zu
bestimmen; und

eine Hauptsteuereinheit, die mit dem RFID-Le-
ser und der Funk-Sende-/Empfangsvorrichtung
gekoppelt ist, wobei die Hauptsteuereinheit kon-
figuriert ist, um:

eine Vielzahl erster Abstände auf der
Grundlage des ersten Phasenwinkels zu
bestimmen;
einen zweiten Abstand auf der Grundlage
des zweiten Phasenwinkels zu bestimmen;
und
einen der Vielzahl von Abständen als end-
gültigen Abstand zwischen dem RFID-Le-
ser und dem RFID-Etikett auf der Grundla-
ge des bestimmten zweiten Abstands aus-
zuwählen.

2. RFID-Lesersystem nach Anspruch 1, wobei die
Übertragung des zweiten HF-Abfragesignals gleich-
zeitig mit der Übertragung des ersten HF-Abfrage-
signals erfolgt.

3. RFID-Lesersystem nach Anspruch 1, wobei die

Übertragung des zweiten HF-Abfragesignals auf
zeitlich abwechselnde Weise in Bezug auf das erste
HF-Abfragesignal erfolgt.

4. RFID-Lesersystem nach Anspruch 1, der weiter ein
RFID-Etikett umfasst, wobei das erste HF-Abfrage-
signal und/oder das zweite HF-Abfragesignal konfi-
guriert sind, um das RFID-Etikett zu bestromen, wo-
bei das bestromte RFID-Etikett genutzt wird, um
durch einen Einspeiseanschluss in dem RFID-Eti-
kett eine erste Antennenstruktur und eine zweite An-
tennenstruktur mit Leistung zu versorgen.

5. RFID-Lesersystem nach Anspruch 4, wobei die ers-
te Antennenstruktur elektromagnetisch mit der zwei-
ten Antennenstruktur in einer Etikettenantenne des
RFID-Etiketts gekoppelt ist, wobei die erste Anten-
nenstruktur konfiguriert ist, um das erste rückge-
streute Signal in dem Hochfrequenzband zu erzeu-
gen, und die zweite Antennenstruktur konfiguriert ist,
um das zweite rückgestreute Signal in dem Nieder-
frequenzband zu erzeugen.

6. RFID-Lesersystem nach Anspruch 1, das weiter ein
RFID-Etikett umfasst, wobei eine Etikettenantenne
des RFID-Etiketts unterschiedliche Teilantennen
umfasst, wobei jede Teilantenne für ein entspre-
chendes Frequenzband konfiguriert ist.

7. RFID-Lesersystem nach Anspruch 1, wobei der
zweite Phasenwinkel des zweiten rückgestreuten Si-
gnals in einem Abstand bis zur Hälfte der Wellen-
länge des zweiten HF-Abfragesignals eindeutig ist.

8. RFID-Lesersystem nach Anspruch 1, wobei der
RFID-Leser und die Funk-Sende-/Empfangsvorrich-
tung weiter konfiguriert sind, um über das erste rück-
gestreute Signal bzw. das zweite rückgestreute Si-
gnal Daten von dem RFID-Etikett zu empfangen.

9. RFID-Lesersystem nach Anspruch 1, wobei ein ers-
ter Signalprozessor in dem RFID-Leser weiter kon-
figuriert ist, um:

den ersten Phasenwinkel des empfangenen
ersten rückgestreuten Signals zu bestimmen;
und
den bestimmten ersten Phasenwinkel zu der
Hauptsteuereinheit zu übertragen.

10. RFID-Lesersystem nach Anspruch 1, wobei ein
zweiter Signalprozessor in der Funk-Sende-/Emp-
fangsvorrichtung weiter konfiguriert ist, um:

den zweiten Phasenwinkel des empfangenen
zweiten rückgestreuten Signals zu bestimmen;
und
den bestimmten zweiten Phasenwinkel zu der
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Hauptsteuereinheit zu übertragen.

11. Verfahren zum Bestimmen des Abstands eines
Funkfrequenz-Identifikationsetiketts (RFID-Eti-
ketts), wobei das Verfahren umfasst:

Empfangen, durch ein RFID-Lesersystem, ei-
nes ersten rückgestreuten Signals in einem
Hochfrequenzband von einem RFID-Etikett als
Reaktion auf eine Übertragung eines ersten Fre-
quenzabfragesignals (HF-Abfragesignals), wo-
bei das RFID-Lesersystem einen RFID-Leser,
der in einem Hochfrequenzband funktionsfähig
ist, umfasst;
Bestimmen, durch das RFID-Lesersystem, ei-
nes ersten Phasenwinkels des empfangenen
ersten rückgestreuten Signals;
Empfangen, durch das RFID-Lesersystem, ei-
nes zweiten rückgestreuten Signals in einem
Niederfrequenzband von dem RFID-Etikett als
Reaktion auf eine Übertragung eines zweiten
HF-Abfragesignals, wobei das RFID-Lesersys-
tem eine Funk-Sende/Empfangsvorrichtung
umfasst, die in dem Niederfrequenzband funk-
tionsfähig ist; und
Bestimmen, durch das RFID-Lesersystem, ei-
nes zweiten Phasenwinkels des empfangenen
zweiten rückgestreuten Signals;
Bestimmen, durch das RFID-Lesersystem, ei-
ner Vielzahl erster Abstände auf der Grundlage
des ersten Phasenwinkels;
Bestimmen, durch das RFID-Lesersystem, ei-
nes zweiten Abstands auf der Grundlage des
zweiten Phasenwinkels; und
Auswählen, durch das RFID-Lesersystem, ei-
nes der Vielzahl erster Abstände als endgültiger
Abstand zwischen dem RFID-Lesersystem und
dem RFID-Etikett auf der Grundlage des be-
stimmten zweiten Abstands.

12. Verfahren nach Anspruch 11, wobei die Übertragung
des zweiten HF-Abfragesignals gleichzeitig mit der
Übertragung des ersten HF-Abfragesignals erfolgt.

13. Verfahren nach Anspruch 11, wobei die Übertragung
des zweiten HF-Abfragesignals auf zeitlich abwech-
selnde Weise in Bezug auf das erste HF-Abfragesi-
gnal erfolgt.

14. Verfahren nach Anspruch 11, wobei die Auswahl des
einen der Vielzahl erster Abstände auf der Nähe zu
dem bestimmten zweiten Abstand beruht.

Revendications

1. Système de lecteur (102) d’identification par ra-
diofréquence (RFID) comprenant :

un lecteur RFID (104) pouvant fonctionner sur
une bande de haute fréquence, dans lequel le
lecteur RFID est configuré pour :

recevoir un premier signal rétrodiffusé dans
la bande haute fréquence provenant d’une
étiquette RFID en réponse à une transmis-
sion d’un premier signal d’interrogation ra-
diofréquence (RF) ; et
déterminer un premier angle de phase du
premier signal rétrodiffusé reçu ;

un dispositif émetteur-récepteur radio pouvant
fonctionner dans une bande basse fréquence,
dans lequel le dispositif émetteur-récepteur ra-
dio est configuré pour :

recevoir un second signal rétrodiffusé dans
la bande basse fréquence provenant de
l’étiquette RFID en réponse à une transmis-
sion d’un second signal d’interrogation RF ;
et
déterminer un second angle de phase du
second signal rétrodiffusé reçu ; et

une unité de commande principale couplée au
lecteur RFID et au dispositif émetteur-récepteur
radio, dans lequel l’unité de commande princi-
pale est configurée pour :

déterminer une pluralité de premières dis-
tances sur la base du premier angle de
phase ;
déterminer une seconde distance sur la ba-
se du second angle de phase ; et
sélectionner l’une de la pluralité de premiè-
res distances en tant que distance finale en-
tre le lecteur RFID et l’étiquette RFID sur la
base de la seconde distance déterminée.

2. Système de lecteur RFID selon la revendication 1,
dans lequel la transmission du second signal d’in-
terrogation RF est simultanée à la transmission du
premier signal d’interrogation RF.

3. Système de lecteur RFID selon la revendication 1,
dans lequel la transmission du second signal d’in-
terrogation RF se fait de manière alternée dans le
temps par rapport au premier signal d’interrogation
RF.

4. Système de lecteur RFID selon la revendication 1,
comprenant en outre une étiquette RFID, dans le-
quel le premier signal d’interrogation RF et/ou le se-
cond signal d’interrogation RF sont configurés pour
exciter l’étiquette RFID, dans lequel l’étiquette RFID
excitée est utilisée pour alimenter une première
structure d’antenne et une seconde structure d’an-
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tenne à travers une borne d’alimentation dans l’éti-
quette RFID.

5. Système de lecteur RFID selon la revendication 4,
dans lequel la première structure d’antenne est cou-
plée électromagnétiquement à la seconde structure
d’antenne dans une antenne d’étiquette de l’étiquet-
te RFID, dans lequel la première structure d’antenne
est configurée pour générer le premier signal rétro-
diffusé dans une bande haute fréquence et la secon-
de structure d’antenne est configurée pour générer
le second signal rétrodiffusé dans la bande basse
fréquence.

6. Système de lecteur RFID selon la revendication 1
comprenant en outre une étiquette RFID, dans le-
quel une antenne d’étiquette de l’étiquette RFID
comprend différentes sousantennes, chaque sous-
antenne étant configurée pour une bande de fré-
quence correspondante.

7. Système de lecteur RFID selon la revendication 1,
dans lequel le second angle de phase du second
signal rétrodiffusé est unique à une distance allant
jusqu’à la moitié de la longueur d’onde du second
signal d’interrogation RF.

8. Système de lecteur RFID selon la revendication 1,
dans lequel le lecteur RFID et le dispositif émetteur-
récepteur radio sont en outre configurés pour rece-
voir des données de l’étiquette RFID via le premier
signal rétrodiffusé et le second signal rétrodiffusé,
respectivement.

9. Système de lecteur RFID selon la revendication 1,
dans lequel un premier processeur de signal dans
le lecteur RFID est en outre configuré pour :

déterminer le premier angle de phase du pre-
mier signal rétrodiffusé reçu ; et
transmettre le premier angle de phase détermi-
né à l’unité de commande principale.

10. Système de lecteur RFID selon la revendication 1,
dans lequel un second processeur de signal dans le
dispositif émetteur-récepteur radio est en outre con-
figuré pour :

déterminer le second angle de phase du second
signal rétrodiffusé reçu ; et
transmettre le second angle de phase déterminé
à l’unité de commande principale.

11. Procédé pour déterminer la distance d’une étiquette
d’identification par radiofréquence (RFID), le procé-
dé comprenant :

la réception, par un système de lecteur RFID,

d’un premier signal rétrodiffusé à une bande
haute fréquence provenant d’une étiquette
RFID en réponse à une transmission d’un pre-
mier signal d’interrogation radiofréquence (RF),
dans lequel le système de lecteur RFID com-
prend un lecteur RFID pouvant fonctionner dans
une bande haute fréquence ;
la détermination, par le système de lecteur
RFID, d’un premier angle de phase du premier
signal rétrodiffusé reçu ;
la réception, par le système de lecteur RFID,
d’un second signal rétrodiffusé dans une bande
basse fréquence provenant de l’étiquette RFID
en réponse à une transmission d’un second si-
gnal d’interrogation RF, dans lequel le système
de lecteur RFID comprend un dispositif émet-
teur-récepteur radio pouvant fonctionner dans
la bande basse fréquence ; et
la détermination, par le système de lecteur
RFID, d’un second angle de phase du second
signal rétrodiffusé reçu ;
la détermination, par le système de lecteur
RFID, d’une pluralité de premières distances sur
la base du premier angle de phase ;
la détermination, par le système de lecteur
RFID, d’une seconde distance sur la base du
second angle de phase ; et
la sélection, par le système de lecteur RFID, de
l’une de la pluralité de premières distances en
tant que distance finale entre le système de lec-
teur RFID et l’étiquette RFID sur la base de la
seconde distance déterminée.

12. Procédé selon la revendication 11, dans lequel la
transmission du second signal d’interrogation RF est
simultanée à la transmission du premier signal d’in-
terrogation RF.

13. Procédé selon la revendication 11, dans lequel la
transmission du second signal d’interrogation RF se
fait de manière alternée dans le temps par rapport
au premier signal d’interrogation RF.

14. Procédé selon la revendication 11, dans lequel la
sélection de l’une de la pluralité de premières dis-
tances est basée sur la proximité avec la seconde
distance déterminée.
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