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(57) Abrege/Abstract:
A system for accurate positioning using radio frequency tags and corresponding method thereof. The system comprises at least

two antennas In phased array combination and an RF tag position determination unit coupled with the at least two antennas. The
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(57) Abrege(suite)/Abstract(continued):

system also comprises a main RF output and a position detection output. The RF tag position determination unit arranged to
generate a position detection signal at the position detection output responsive to comparison of a signal received by each of the at
least two antennas.
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(57) Abstract: A system for accurate positioning using ra-
dio frequency tags and corresponding method thereof. The
system comprises at least two antennas in phased array
combination and an RF tag position determination unit
coupled with the at least two antennas. The system also
comprises a main RF output and a position detection out-
put. The RF tag position determination unit arranged to
generate a position detection signal at the position detec-
tion output responsive to comparison of a signal received
by each of the at least two antennas.
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RF Tag Reader for Accurate Position Determination

Background

[001] The position of a radio frequency (RF) tag as read by a tag
interrogator may be anywhere within the footprint of the interrogator read
antenna. Typically, the footprint width is wider than the desired position
accuracy for determining the position of the RF tag with respect to the tag

interrogator.

[002] Prior solutions of which the Inventor i1s aware employ a tag
interrogator with read footprints of up to 1 meter or more in width. Further,
signal processing may be used to estimate the location of the RF tag based on
the received signal shape. RF tag position uncertainty, along with other data
iInput, leads to the calculation of a safety distance in front of a vehicle having
the tag interrogator in order to maintain a safe separation distance. As the
position uncertainty increases so too does the safety separation distance with
the result of requiring a larger separation distance than if the position were
known. A larger separation distance resulis in lower vehicle throughput and

ultimately less revenue, if applicable, for a vehicle operator.

Description of the Drawings

[003] One or more embodiments are illustrated by way of example, and not
by limitation, in the figures of the accompanying drawings, wherein elements
having the same reference numeral designations represent like elements

throughout and wherein;

FIG. 1 is a high-level functional block diagram of a system comprising

an embodiment of a position determination system:;

FI1G. 2 is a high-level functional block diagram of a computer system

usable in conjunction with an embodiment;

1
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FIG. 3 is a high-level functional block diagram of a detail view of a

position determination system according to another embodiment: and

FIG. 4 is a graph of signal strength according to an embodiment.

Detailed Description

[004] FIG. 1 depicts a high-level functional block diagram of a system 100
in conjunction with which an embodiment of a position determination system
102 according to an embodiment may be used to great advantage. System
100 I1s an exemplary system depicting a vehicle 104, e.g. a railroad car,
adjacent a ftravel surface 106, e.g.,, a rail. For clarity and ease of

understanding, FIG. 1 depicts a side view of vehicle 104 above travel surface
106.

[005] As depicted, vehicle 104 comprises position determination system
102 and travels in a direction A along travel surface 106. Vehicle 104 passes
by a radio frequency (RF) tag 108, e.g., a radio frequency identification (RFID)
fag. In at least some embodiments, alternate RF tag devices may be used
replacing RFID tags. In at least some embodiments, tag 108 comprises an RF
tag configured to provide a reflection or transponding capability at the RF
frequency used. [n at least some embodiments, RF tag 108 is affixed to and/or

embedded within another item. RF tag 108 may be a passive and/or active

device.

[006] Vehicle 104 comprises a pair of antennas (“antenna 1” and
-antenna 27) 110, 112, which form a part of position determination system 102,
linearly spaced apart from each other along a surface of vehicle 104. In at least
some embodiments, antennas 110, 112 are positioned to pass by RF tag 108

In a serial manner at a distance parallel to the RF tag.

[007] Each antenna 110, 112 is combined to form an antenna array which
Is arranged to generate a signal over a corresponding predetermined footprint,

..e. antenna beam width, referred to as antenna footprint 114. (as indicated by

2
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a chained, double-dotted line) and antenna footprint 116 (as indicated by a
chained, single-dotted line), respectively. within a respective footprints 114,
116. The two footprints result from the antennas combined in a phase
coherent way to form sum or difference antenna patterns, i.e., the antennas
are used as a phased antenna array. The footprints are the intersection of the
array patterns and the ground (plane of the tag), each antenna transmits a
signal and receives a reply from RF tag 108 as schematically depicted by
signals 120, 122, respectively. The antennas transmit one signal as a sum

array, and receive a signal as both a sum and a difference array.

[008] In at least some embodiments, each antenna 110, 112 generates an
electromagnetic signal. In at least some embodiments, the antenna footprint
may be on the order of 0.5 meter (m) to 1.5 m in width. In at least some
embodiments, more than two antennas may be used to form the antenna
array. In at least some embodiments, a single phased array antenna may be

used in place of individual antennas 110, 112.

[009] In operation, each antenna array 110, 112 is arranged to transmit an
Interrogation signal to RF tag 108. Responsive to receipt of the iInterrogation
signal from an antenna array, either antenna 110 or antenna 112, RF tag 108
transmits a response signal. In at least some embodiments, the response

signal may be a reflection signal or a transponder signal.

[010] ﬂPosition determination system 102 comprises antennas
arrays 110, 112 communicatively coupled with an RF tag position
determination unit 124. In at least some embodiments. position determination
system 102 is directly electrically coupled with antennas 110, 112. Position
determination unit 124 is communicatively coupled with a main RF signal
output 126 and a position detection signal output 128. In at least some
embodiments, position determination system 102 is directly electrically coupled

with main RF signal output 126 and position detection signal output 128.

[011] In a least some embodiments, one or more elements of position

determination system 102 may be positioned interior and/or exterior to

3
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vehicle 104. In at least some embodiments, each element of position
determination system 102 is positioned exterior to vehicle 104; while in other

embodiments, each element of the position determination system is positioned
interior to the vehicle.

[012] The spacing and orientation of the antennas vary depending on the
array patterns that are to be achieved. In at least some embodiments, the
antenna array is implemented within one physical antenna package with
separate elements representing each antenna. The polarization of the antenna
arrays and tag 108 (i.e. the direction of the electric field vector) may be either
across the tracks, i.e., travel surface 106, or parallel to the tracks, depending
on the application. In at least some embodiments, transmission of the
Interrogation signal may be performed by either antenna, or by both antennas
configured as a sum array.

[013] FIG. 2 depicts a high-level functional block diagram of a computer
system 200 usable in conjunction with an embodiment. Computer system 200
comprises a processor 202 (alternatively referred to as a processing device),
an inputoutput (1/0O) device 204, a memory 206, detection /O device 208
communicatively coupled via a bus 210 or other interconnection
communication mechanism. Additionally, computer system 200 comprises
connections to antennas 110, 112 via detection I/O 208, i.e., circuitry output
arranged to process and convert the analogue RF signals to digital detection
signals) , e.g. via bus 210.

[014] Detection /O device 208 comprises position determination unit

(PDU) 124, main RF signal output 126, and position detection signal output
128.

I015] In at least some embodiments, processor 202 may be a controlier
and/or and application-specific integrated circuit (ASIC) configured to execute

a set of instructions such as those embodied by an embodiment.
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[016] Memory 206 (also referred to as a computer-readable medium) may
comprise a random access memory (RAM) or other dynamic storage device,
coupled to the bus 210 for storing data and/or instructions to be executed by
processor 202, e.g., a position determination functionality 212. Memory 206
also may be used for storing temporary variables or other intermediate
Information during execution of instructions to be executed by processor 202.
Memory 206 may also comprise a read only memory (ROM) or other static
storage device coupled to the bus 210 for storing static information and

Instructions for the processor 202.

[017] A storage device (optional dashed line box 212), such as a magnetic
disk, optical disk, or electromagnetic disk, may also be provided and coupled

to the bus 210 for storing data and/or instructions.

[018] Position determination functionality 212 comprises a set of circuitry
arranged to determine the position of RF tag 108 with respect to

antennas 110, 112.

1019] In at least some embodiments, position determination
functionality 212 comprises a set of executable instructions which, when
executed by processor 202, cause the processor to provide position

determining functionality according to an embodiment.

[020] /O device 204 may comprise an input device, an output device
and/or a combined input/output device for enabling user interaction. An input
device may comprise, for example, a keyboard, keypad, mouse, trackball,
trackpad, and/or cursor direction keys for communicating information and
commands to processor 202. An output device may comprise, for example, a
display, a printer, a voice synthesizer, etc. for communicating information to a
user. In at least some embodiments, I/O device 204 may comprise a serial
and/or parallel connection mechanism for enabling the trénsfer of one or rﬁore

of files and/or commands, e.g., an Ethernet or other type network connection.
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[021] In at least one embodiment, the positioning system interfaces directly
to an on-board controi system, e.g., an on-board train control processor,

through an Ethernet communication protocol or one of several serial interface
protocols.

[022] FIG. 3 depicts a high-level functional block diagram of a least a
portion of position determination system 102. In particular, FIG. 3 depicts a
detailed view of tag position determination unit 124 according to an
embodiment. Position determination unit 124 comprises a first RF splitter
component 300 and a second RF splitter component 302 each receiving a
single input signal from antennas 110, 112, respectively. That is, splitter
component 300 receives a signal input from antenna 110 and splitter
component 302 receives a signal input from antenna 112. The signal input
received by antennas 110, 112 is the response signal transmitted by RF tag
108 and received by antennas 110, 112.

[023] In at least some embodiments, one or both of RF splitter
components 300, 302 may comprise an integrated component of the antenna
array, e.g., splitter 300 may comprise a portion of antenna 110.

[024]  Splitter component 300 transmits the received response signal from
antenna 110 to a sum combiner component 304 and a difference combiner
component 306. In at least some embodiments, splitter component 300
transmits the received response signal to sum combiner component 304 and

difference combiner component 306 at the same time. Similarly, splitter
component 302 transmits the received response signal from antenna 112 to
sum combiner component 304 and difference combiner component 306.

[025] Sum combiner component 304 combines, in an phase coherent
additive fashion, the received response signals from antenna 110 and
antenna 112 and transmit the resuiting signal to main RF signal output 126
and phase comparison component 308 (also referred to as a phase
comparator). Difference combiner component 306 generates a phase coherent
difference signal comresponding to the difference between the received

6
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response signal from antenna 110 and antenna 112 and transmits the resulting |

difference signal to phase comparison component 308.

[026] In at least some embodiments, a single antenna device, e.g.,
antennas 110, 112 In a singie combined unit, may comprise the functionality of
splitter components 300, 302, sum combiner component 304, and difference

combiner component 306.

[027] Phase comparison component 308 compares the phase difference
between the generated sum signal received from sum component 304 and the
generated difference signal received from different component 306. Phase
comparison component 308 transmits the resulting signal to position detection
signal output 128. Position detection signal output 128 indicates that position
determination system 102, specifically antennas 110, 112, are positioned over
RF tag 108 at the time the generated resulting phase difference signal
transitions from 0° (degrees) to 180° (degrees). That is, antennas 110, 112 are
positioned on either side of RF tag 108 and/or RF tag 108 is positioned equally
distant between antennas 110, 112. In at least some embodiments, the
determination of a phase difference transition is performed based on a

predetermined distance from 180 degrees phase difference.

[028] In this manner, main RF signal output 126 is used for identification of
RF tag 108 and position detection signal output 128 is used to identify passage

of the center point between antennas 110, 112 over the RF tag.

[029] FIG. 3 also depicts a signal generator 310 comprising a portion of
position determination unit 124 and arranged to generate an interrogation
signal for transmission to tag 108. The generated interrogation signal from
signal generator 310 is provided to sum combiner component 304 which splits
the received interrogation signal into two signals, one each sent to an
antenna 110, 112. Antennas 110, 112 transmit the received detection signal

as a phased signal toward tag 108.
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[030] In at least some embodiments, signal generator 310 may comprise a
component separate from position determination unit 124. Further, in some
embodiments, signal generator 310 may comprise more than one signal
generator for generating the interrogation signal to be transmitted by

antennas 110, 112.

[031] FIG. 4 depicts a graph of signal strength of the generated sum signal
and difference signal from sum component 304 and difference component 306,
respectively. FIG. 4 depicts the signal received from a transponding or
reflecting tag by two closely spaced antennas in sum and difference
combinations as the antennas move linearly past the tag. Also, FIG. 4 depicts
the determined phase difference between the sum signal and the difference
signal. The vertical axis to the left of the graph of FIG. 4 indicates the relative
signal strength of the sum signal and the difference signal. The vertical access
to the right of the graph indicates the phase difference between the sum signal
and the difference signal. The horizontal axis represents the distance with

respect to the center point.

1032] It will be readily seen by one of ordinary skill in the art that the
disclosed embodiments fulfill one or more of the advantages set forth above.
After reading the foregoing specification, one of ordinary skill will be able to
affect various changes, substitutions of equivalents and various other
embodiments as broadly disclosed herein. It is therefore intended that the
protection granted hereon be limited only by the definition contained in the

appended claims and equivalents thereof.
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CLAIMS:

1. A system for accurate positioning using radio frequency (RF) tags,
comprising:

at least two antennas in a phased array combination, wherein each antenna of
the at least two antennas is configured to receive a signal from a radio frequency
identification (RFID) tag disposed on a travel surface;

an RF tag position determination unit coupled with the at least two antennas
and comprising a main RF output and a position detection output, the RF tag position
determination unit arranged to generate a position detection signal at the position
detection output resporisive to a variation in the phase difference of the signals
received by the phased array combination, wherein the RF tag position determination
unit 1s arranged to generate the position detection signal based on a sum component of
signals received by the at least two antennas and a difference component of the

signals received by the at least two antennas.

2. The system as claimed 1n claim 1 , wherein the RF tag position determination
unit is arranged to compare the phase difference transition between phase coherent

combinations of the signals received by each of the at least two antennas.

3. The system as claimed in claim 1 , wherein the RF tag position determination

unit further comprises:

a signal generator coupled with at least one of the at least two antennas and
arranged to generate an interrogation signal to the at least one of the at least two

antennas for transmission.

4, The system as claimed in claim 3, wherein the signal generator 1s coupled with

cach of the at least two antennas.

. The system as claimed in claim 1 , wherein the RF tag position determination

unit further comprises:

a phase comparator arranged to generate the position detection signal;
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a sum component coupled to the phase comparator and the at least two

antennas; and

a difference component coupled to the phase comparator and the at least two

antennas.

6. The system as claimed in claim 5, the sum component arranged to receive:
a first input signal from a first antenna of the at least two antennas; and
a second 1nput signal from a second antenna of the at least two antennas.

7. The system as claimed in claim 5, the difference component arranged to

recelve:

a first input signal from a first antenna of the at least two antennas; and
a second 1nput signal from a second antenna of the at least two antennas.

3. The system as claimed 1n claim 5, the sum component arranged to generate a

sum signal representative of the summation of signals received from the at least two

antennas.

9. The system as claimed in claim 5, the difference component arranged to

generate a difference signal representative of the difference of signals received from

the at least two antennas.

10, The system as claimed in claim 5, wherein the RF tag position determination

unit further comprises:

a first splitter component coupled to a first antenna of the at least two antennas
and arranged to transmit at least two signals corresponding to an input signal received
from the first antenna, the first splitter component coupled to the sum component and
the difference component and arranged to transmit at least one of the at least two

signals to the sum component and at least another one of the at least two signals to the

difference component.

10
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11. The system as claimed in claim 10, wherein the RF tag position determination

unit further comprises:

a second splitter component coupled to a second antenna of the at least two
antennas and arranged to transmit at least two signals corresponding to an input signal
received from the second antenna, the second splitter component coupled to the sum
component and the difference component and arranged to transmit at least one of the
at least two signals to the sum component and at least another one of the at least two

signals to the difference component.

12.  The system as claimed in claim 5, wherein the phase comparator is arranged to
generate the phase detection signal responsive to a determination of transition of a
phase difference between a first signal received from the sum component and a

second signal received from the difference component.

13. The system as claimed in claim 12, wherein the transition of the phase
difference 1s from within a predetermined distance from zero degrees phase difference

to within a predetermined distance from 180 degrees phase difference.

14. The system as claimed in claim 1 , wherein the at least two antennas are

positioned within a vehicle traversing adjacent an RF tag.
15. A method of determining an RF tag position, comprising:
rece1ving a first response signal from a first antenna;

recelving a second response signal from a second antenna;

said antennas configured to receive a signal from a radio frequency identification

(RFID) tag disposed on a travel surtace;
generating a sum signal based on the first and second response signals;

generating a difference signal based on a difference between the first and

second response signals; and

11
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generating a position detection signal responsive to a determination of a
transition of a phase difference between the generated sum signal and the generated

difference signal.

16. The method as claimed in claim 15, wherein the generating a position
detection signal comprises generating a position detection signal responsive to a
determination of a transition from within a predetermined distance from zero degrees
phase difference to within a predetermined distance from 180 degrees phase

difference.

17. A position determination unit for determining position of a device based on
received response signals from a phased combination of antennas, configured to
recelve a signal from a radio frequency identification (RFID) tag disposed on a travel

surface, the unit comprising:

a phase comparator arranged to generate a position detection signal based on a

phase difference transition between a first sum component signal and a first difference

component signal;

a sum component coupled to the phase comparator and arranged to generate
the first sum component signal responsive to receipt of a first response signal from a
first antenna of the phased combination of antennas and a second response signal

from a second antenna of the phased combination of antennas; and

a difference component coupled to the phase comparator and arranged to
oenerate the first difference component signal responsive to receipt of a first response

signal from the first antenna and a second response signal from the second antenna .
18.  The position determination unit of claim 17, further comprising:

at least one splitter component coupled between the sum component and at

least one of the first antenna or the second antenna and coupled between the

difference component and at least one of the first antenna or the second antenna.

19.  The position determination unit of claim 18, further comprising:

12
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a signal generator coupled to the sum component and arranged to generate an

interrogation signal for transmission to the phased combination of antennas.

20.  The system of any one of claims 1 to 14, comprising an antenna footprint of

about 0.5 to 1.5 m.

21.  The method of any one of claims 15 and 16, said antennas comprising a

footprint of about 0.5 to 1.5 m.

22.  The unit of any one of claims 17 to 20, comprising an antenna footprint of

about 0.5 to 1.5 m.

23. A memory or a computer-readable medium storing instructions which, when

executed by a processor, cause the processor to perform the method of any one of

claims 13, 16, or 21.

13
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