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(57) ABSTRACT

An inventory control system and method that tracks inven-
tories of items with RFID tags, includes a reader unit and an
intelligent station that tracks RFID tags to determine item
information of items to be inventoried. The reader unit
transmits and receives RF signals. The intelligent station
includes a first RF antenna connected to the reader unit by
a first transmission cable through a first switch, and one or
more additional RF antennae connected to the reader unit by
the same first transmission cable through additional
switches. An inventory control processing unit receives item
information from the intelligent stations to update inventory
information regarding the items to be inventoried.

INVENTORY CONTROL
PROCESSING UNIT
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Fig. 3C Fig. 3D ,
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FIGURE 9B
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INTELLIGENT STATION USING MULTIPLE RF
ANTENNAE AND INVENTORY CONTROL
SYSTEM AND METHOD INCORPORATING SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of priority under
35 US.C. § 119(e) of provisional application Ser. Nos.
60/346,388, filed Jan. 9, 2002, and 60/350,023, filed on Jan.
23, 2002, the disclosures which are incorporated herein in
their entireties.

FIELD OF THE INVENTION

[0002] The present invention relates generally to the field
of using multiple RF (radio frequency) antennae in an
intelligent station to track items tagged with RFID (radio
frequency identification) tags. More generally, the present
invention is directed to an inventory control method and
system that uses the intelligent station to track and inventory
items that are tagged with RFID tags.

BACKGROUND OF THE INVENTION

[0003] Radio frequency identification (RFID) systems
typically use one or more reader antennae to send radio
frequency (RF) signals to items tagged with RFID tags. The
use of such RFID tags to identify an item or person is well
known in the art. In response to the RF signals from a reader
antenna, the RFID tags, when excited, produce a disturbance
in the magnetic field (or electric field) that is detected by the
reader antenna. Typically, such tags are passive tags that are
excited or resonate in response to the RF signal from a
reader antenna when the tags are within the detection range
of the reader antenna. One example of such a RFID system
including details of suitable RF antennae is described in U.S.
Pat. No. 6,094,173, the contents of which are incorporated
herein in their entirety. In order to improve the detection
range and expand “coverage” it is known to use coplanar
antennae that are out of phase. One example of such an
antenna is provided in U.S. Pat. No. 6,166,706.

[0004] The detection range of the RFID systems is typi-
cally limited by signal strength to short ranges, for example,
frequently less than about one foot for 13.56 MHz systems.
Therefore, portable reader units are moved past a group of
tagged items in order to detect all the tagged items since the
tagged items are typically stored in a space significantly
greater than the detection range of a stationary or fixed
single reader antenna. Alternately, a large reader antenna
with sufficient power and range to detect a larger number of
tagged items may be used. However, such an antenna may
be unwieldy and may increase the range of the radiated
power beyond allowable limits. Furthermore, these reader
antennae are often located in stores or other locations were
space is at a premium and it is expensive and inconvenient
to use such large reader antennae. In another possible
solution, multiple small antennae may be used but this
configuration may be awkward to set up keeping in mind
that space is often at a premium.

[0005] However, use of multiple antennae (or compo-
nents) has the drawback that multiple transmission cables
are used to connect a reader unit to the multiple antennae
and/or that the multiple antennae cannot be individually
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controlled when they are all connected by a single trans-
mission cable to the reader unit.

[0006] By way of background, FIG. 1 is a block diagram
that illustrates the basics of a prior art RFID system. A reader
unit 100 may typically be connected through RS-232 or
similar digital communication to a terminal 102 such as a
computer terminal. The reader unit 100 is connected by a
cable 203 to a reader antenna 200. The reader antenna 200
typically consists of at least a loop 201 and a tuning circuit
202. Although the tuning circuit 202 is shown as a localized
part in FIG. 1, one skilled in the art would recognize that it
might be distributed around the loop 201. The reader
antenna 200 in turn communicates by low power radio
waves 105 with one or more RFID tags 106 that are typically
associated with items, objects (animate or inanimate) or
persons that are to be tracked by the RFID system.

[0007] The transmission cable 203 is typically character-
ized by its impedance, which in a simplified form, is
approximately the square root of inductance L divided by
capacitance C of the transmission cable. For coaxial cables,
the impedance is commonly 50 or 75 ohms.

[0008] Generally, the transmission cable 203, antenna
loop 201, and tuning circuit 202 are connected together in a
manner that most efficiently utilizes the RF power at a
desired frequency, which for a given RFID system using a
loop antenna, such as antenna 200, is typically a “high”
frequency such as 13.56 MHz. Another common “low”
frequency that is often used for RFID systems is 125 kHz.
“Ultrahigh” (UHF) frequencies such as 900 MHz or 2.45
GHz within the RF range are also used with different
antenna designs.

[0009] A system using multiple antennae powered by a
single reader unit and using a multiplexer switch to alternate
between the antennae has also been-known. Such a system
is conceptually represented in FIG. 2 where two separate
antennae 200a and 2005 are connected to a reader and
multiplexer unit 101 through respective transmission cables
203a and 203b. The use of multiple antennae typically
improves the spatial coverage when reading tags, without
requiring more than one reader unit. The main disadvantage
of the arrangement disclosed in FIG. 2 is the need for a
separate transmission cable to each of the antennae. Since
space is often at a premium, the use of these separate cables
is a disadvantage because additional space is needed to
install or position each of these separate cables. This disad-
vantage is accentuated when more than two antennae are
used with one reader unit since all of these multiple antennae
require separate transmission cables.

SUMMARY OF THE INVENTION

[0010] In one aspect, the present invention provides an
intelligent station that tracks RFID tags, the intelligent
station including: a reader unit that transmits and receives
RF signals; a first RF antenna connected to the reader unit
by a first transmission cable through a first switch; and one
or more additional RF antennae connected to the reader unit
by the same first transmission cable through one or more
additional switches. The term “intelligent,” as used herein,
means that the system can, through transmission of radio
frequency signals, capture, store, and lookup data, and
monitor unique identifiers associated with trackable items.
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[0011] In a further aspect, each of the first and one or more
additional RF antennae includes a loop and a tuning circuit.

[0012] In another aspect of the present invention, the
reader unit includes a tuning circuit for the first and one or
more additional RF antennae, with the tuning circuit con-
nected to the first and one or more additional RF antennae
through the first transmission cable.

[0013] In another aspect, the present invention includes: a
reader unit that generates and receives RF signals; and a
control unit that is operatively connected to the reader unit
and to first and one or more additional switches, wherein the
control unit is configured to selectively operate the first and
one or more additional switches to connect the reader to the
first and one or more additional RF antennae, respectively.
The reader unit and the control unit may be separate devices
or combined in a single unit.

[0014] In yet another aspect of the present invention, the
intelligent station further includes a second transmission
cable that connects the reader unit to auxiliary RF antenna
loops, each of the auxiliary RF antenna loops arranged
proximate to a corresponding one of the first and one or
more additional RF antennae. The auxiliary antennae
receive an unmodulated RF signal that powers up the tags,
which are normally not powered in the absence of an RF
signal. As used herein, “unmodulated RF signal” is an RF
signal without superimposed data. A “modulated RF signal”
is an RF signal carrying superimposed data.

[0015] In a further aspect, the reader unit includes a
second tuning circuit, proximate to the reader unit, that is
connected to the auxiliary RF antenna loops through the
second transmission cable. The second tuning circuit is
configured to tune the auxiliary RF antenna loops.

[0016] In yet another aspect, the present invention pro-
vides a second transmission cable that connects the reader
unit to the first and one or more additional RF antennae
through the first and one or more additional switches,
respectively. The reader unit transmits an unmodulated RF
signal to the first and one or more additional RF antennae
through the second transmission cable, and transmits a
modulated RF signal to the first and one or more additional
antennae through the first transmission cable.

[0017] Ina further aspect of the present invention, the first
switch is configured to operate in only three states: a first
state such that the first switch only transmits the modulated
RF signal to the first RF antenna; a second state such that the
first switch only transmits the unmodulated RF signal to the
first RF antenna; and a third state such that both the
modulated RF signal and the unmodulated RF signal bypass
the first RF antenna. The second switch includes a multi-
pole switch configured to operate in only three states: a first
state such that the second switch only transmits the modu-
lated RF signal to the associated second RF antenna; a
second state such that the second switch only transmits the
unmodulated RF signal to the second associated RF antenna;
and a third state such that both the modulated RF signal and
the unmodulated RF signal bypass the associated second RF
antenna. Each of the switches can be controlled indepen-
dently of each other, thus, for example, the first and second
switches may be set to transmit modulated and unmodulated
signals, respectively, at the same time. In addition, a two-
pole switch may be used which is configured to operate in
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one of two states (one state being to pass modulated RF
signals to the associated antenna, and the other state being
to pass no signals to the associated antenna).

[0018] In a further aspect, the present invention provides:
additional RF antennae connected to the reader unit through
the same first transmission cable; and additional switches
arranged between the first transmission cable and the addi-
tional RF antennae, respectively.

[0019] Inone aspect, an RF transmission cable has a single
branch serving all antennae, that is antennae are connected
to a reader unit through a RF transmission cable in a series
arrangement.

[0020] In another aspect, an RF transmission cable has
two or more branches, each serving one or more antennae,
That is, antennae are connected to the reader unit through the
RF transmission cable in a parallel-series arrangement, with
each branch on the RF transmission cable selectable by use
of a switch.

[0021] In another aspect, intelligent stations contain RF
signal processing electronics to perform some of the signal
processing otherwise done by the reader.

[0022] In yet another aspect, each of the one or more
additional switches include a PIN type diode.

[0023] In another aspect, the present invention provides an
intelligent inventory control system that uses RFID tags to
determine item information of items to be inventoried, the
intelligent inventory control system including one or more
intelligent stations. Each intelligent station comprises a first
RF antenna connected to the reader unit by a first transmis-
sion cable through a first switch; and one or more additional
RF antennae connected to the reader unit by the same first
transmission cable through respective one or more addi-
tional switches. The reader unit may be located apart from
or within one of the intelligent stations. The inventory
control system further includes an inventory control pro-
cessing unit, connected to a data store, that receives item
information from the intelligent station to update inventory
information regarding the items to be inventoried.

[0024] In yet another aspect, the present invention pro-
vides a method of inventory control for items tagged with
RFID tags, the method including: providing a plurality of
intelligent stations, each intelligent station including a
reader unit that transmits and receives RF signals, a first RF
antenna connected to the reader unit by a first transmission
cable through a first switch; and a one or more additional RF
antennae connected to the reader unit by the same first
transmission cable through respective one or more addi-
tional switches; determining item information of items to be
inventoried by selectively energizing the first and one or
more additional RF antennae of each of the intelligent
stations to determine item information of items that are
located on the respective intelligent stations; and processing
the determined item information to update inventory infor-
mation of the items to be inventoried.

[0025] In one aspect, each station has its own reader unit.
However, one reader unit may also serve many stations.

[0026] 1In a further aspect of the present invention, the
inventory control method includes selectively controlling
the first and one or more additional switches to energize the
first and one or more additional RF antennae and detect item
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information from items with RFID tags that are within range
of the respective energized one or more additional RF
antennae.

[0027] In a further aspect of the present invention, the
inventory control method includes software control of the
RF power level generated by the reader unit. In a preferred
embodiment, testing would determine how much RF power
the reader unit must provide to achieve optimal results for
each connected antenna, which are positioned at different
distances along the RF cable. This information would be
stored, for example, in a look-up table or other equivalent
indexed data storing means. Thereafter during operation, the
power level for each antenna would be set based on this
predetermined level stored in the look-up table, so that
antennae at differing distances along the RF transmission
cable may all operate at essentially equal power.

[0028] In an alternate embodiment, the power provided to
each antenna could also depend on additional factors, for
example, on the type of antenna. Therefore, in the alternate
embodiment, both the distance and type of the antenna could
be used to determine and store the optimal power level for
a particular antenna.

[0029] 1In a further aspect of the present invention, the
inventory control method includes RF amplifier devices,
such as RF filter amplifiers, located periodically along the
RF transmission cable such as in every N shelf to boost the
RF signal strength.

[0030] In a further aspect of the present invention, the
inventory control method includes updating the determined
item information of items in a data store.

[0031] In a further aspect, the present invention provides
that the inventory control method includes, for each intel-
ligent station, providing a second transmission cable to
connect the reader unit to one or more auxiliary antenna
loops arranged proximate to respective ones of the first and
one or more additional RF antennae, wherein the reader unit
transmits a modulated RF signal through the first transmis-
sion cable and transmits an unmodulated RF signal through
the second transmission cable.

[0032] In yet another aspect, the inventory control method
according to the present invention includes providing, for
each intelligent station, a second transmission cable that
connects the reader unit to the first and one or more
additional RF antennae through first and one or more
additional switches, respectively, wherein the reader unit
transmits an unmodulated RF signal to the first and one or
more additional RF antennae through the second transmis-
sion cable, and transmits a modulated RF signal to the first
and one or more additional RF antennae through the first
transmission cable.

[0033] In another aspect the inventory control method of
the present invention provides, for each intelligent station,
configuring the first and one or more additional switches to
operate in one of only three states: a first state that only
transmits a modulated RF signal to a respective one of the
first and one or more additional RF antennae; a second state
that only transmits an unmodulated RF signal to the respec-
tive one of the first and one or more additional RF antennae;
and a third state such that both the modulated RF signal and
the unmodulated RF signal bypass the respective one of the
first and one or more additional RF antennae.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
without limitation presently preferred embodiments of the
invention, and, together with the general description given
above and the detailed description of the preferred embodi-
ments given below, serve to explain the principles of the
invention.

[0035] FIG. 1 is a block diagram illustrating the basics of
a prior art RFID system.

[0036] FIG. 2 is a block diagram illustrating a prior art
RFID system with multiple antennae connected to a reader
unit.

[0037] FIG. 3A is a block diagram illustrating an embodi-
ment of an inventory control system that uses intelligent
stations in accordance with the present invention.

[0038] FIG. 3B is a block diagram illustrating another
embodiment of an inventory control system that uses intel-
ligent shelves in accordance with the present invention.

[0039] FIGS. 3C and 3D are flowcharts illustrating pro-
cessing performed by the control unit of the inventory
control system according to the present invention.

[0040] FIG. 3E is a block diagram illustrating another
embodiment of an inventory control system that uses intel-
ligent stations in a parallel-series configuration.

[0041] FIG. 3F is a block diagram illustrating another
embodiment of an inventory control system that uses intel-
ligent stations in another parallel-series configuration.

[0042] FIG. 3G is a block diagram illustrating a tee switch
for use in a parallel-series configuration.

[0043] FIG. 3H is a block diagram illustrating an inline
switch for use in a parallel-series configuration.

[0044] FIG. 31 is a block diagram illustrating an exem-
plary method of carrying RF and digital communications on
one cable.

[0045] FIG. 3J is a block diagram illustrating a method of
using switches to minimize undesirable effects of an RF
cable extending past a selected antenna.

[0046] FIG. 4A is a block diagram illustrating one
embodiment of the present invention showing an RFID
system with multiple antennae connected to a reader unit.

[0047] FIG. 4B is a schematic diagram showing a logical
switch.

[0048] FIGS. 5 and 6 are block diagrams showing alter-
nate embodiments of the present invention having multiple
antennae.

[0049] FIG. 7 is a block diagram illustrating another
embodiment of the present invention in which two separate
transmission cables transmit modulated and unmodulated
RF signals to multiple antennae each having several loops.

[0050] FIG. 8 is a block diagram illustrating an alternate
embodiment in which the modulated and unmodulated RF
systems use the same antenna loops.
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[0051] FIG. 9A is a schematic diagram of an exemplary
switch that may be used with the embodiment disclosed in
FIG. 8.

[0052] FIG. 9B is a schematic diagram of another exem-
plary switch that may be used with the embodiment dis-
closed in FIG. 8.

[0053] FIG. 10A is a circuit diagram of a switch using a
PIN diode that may be used with various embodiments of the
present invention.

[0054] FIG. 10B is a circuit diagram showing how an
antenna may be “detuned.”

[0055] FIG. 10C is a circuit diagram showing another
way that an antenna may be “detuned.”

[0056] FIG. 10D is a circuit diagram showing yet another
way that an antenna may be “detuned.”

[0057] FIG. 11A is a diagram illustrating various layouts
of reader antennae on shelves.

[0058] FIG. 11B is a diagram illustrating the use of tags
within shelves.
[0059] FIG. 12 is a diagram illustrating one method of

making a wire antenna.

[0060] FIG. 12A-C are diagrams illustrating alternate
ways of securing the ends of wires on a substrate.

[0061] FIG. 13 is a diagram illustrating an alternate
method of making a wire antenna.

[0062] FIG. 13A is a diagram illustrating various alternate
wire antenna shapes.

[0063] FIG. 14 illustrates another method of making a
wire antenna.
[0064] FIG. 15 is a diagram that illustrates a device and

method of applying foil tape ribbons to a web or planar
substrate to form a foil antenna.

[0065] FIG. 16 is a diagram illustrating another method of
depositing conductive pathways on a substrate to form a foil
antenna.

[0066] FIG. 17 is a diagram illustrating a cross section of
an applicator 2200 for depositing conductive pathways.

[0067] FIG. 18 is diagram that illustrates a method to lay
down a simple rectangular conductive pathway using the
apparatus shown in FIG. 15.

[0068] FIGS. 18A-B illustrate foil strips folded over.

[0069] FIG. 19 shows an embodiment where a conductive
trace 2300 being laid down overlaps a previous conductive
trace.

[0070] FIG. 20 is a laminated structure containing a foil
strip antenna.
[0071] FIG. 21 is a diagram illustrating the use of a

milling machine to form openings in a substrate.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0072] TUnless otherwise specified, “a” or “an” means one
or more. The present invention provides an intelligent inven-
tory control system including one or more intelligent sta-
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tions that can detect RFID tags using multiple antennae. The
RFID tags are attached to items to be detected or tracked. In
certain preferred embodiments discussed herein, the intelli-
gent station system is designated as an intelligent “shelf”
system since the intelligent station system provided by the
present invention is suitable for tracking items on shelves of
stores and warehouses for inventory control or other track-
ing purposes. However, it is to be understood that the present
invention is not limited to intelligent shelf systems since one
skilled in the art would recognize its applicability to other
uses such as, for example, tracking items in closed recep-
tacles, other storage volumes, and particular spaces.
Examples of such closed receptacles or storage volumes
include, without limitation, rooms, closets, cabinets, cup-
boards, refrigerators, freezers, pegboards, clothing racks,
trailers, warehouses, pallets, counters, and other similar
enclosures, spaces, or racks. It may be used in doors,
doorways and other portals, in floors or floor mats, or in
ceilings. It is also to be understood that the intelligent
stations may be used in orientations other than the horizontal
orientation typically associated with a shelf. For example,
the intelligent shelves may be used in a vertical orientation
as, for example, on the wall of a container, or the back or
side area or surface of a storage volume.

[0073] For use in clothing racks, various embodiments are
envisioned including linear or circular racks. For circular
racks in particular, it is envisioned that two antennas may be
used that are orthogonally disposed in two vertical planes
within the center of the circular rack. The antenna may be
driven by a single reader but the length of their lead-in
cables differs, preferably, by % of the RF wavelength, or
alternately, a two-way 90 degree power splitter is used (e.g.
MiniCircuits PSCQ-2-13) to put the two antennas 90
degrees out of phase. As a consequence the magnetic field
orientation set up by the two antennas “rotates” once each
cycle of the RF wave, so that all RFID tags around the
circular rack may be read.

[0074] For use with clothing racks, another embodiment
provides, on the clothing rack, one or more antenna loops,
for example positioned or hanging at one or both ends of the
rack, or distributed as hangers amidst the clothing. If the
antenna loops are provided in the form of hangers, these may
be fabricated by running conductive wire through narrow
(e.g. %"-%" diameter) thermoplastic tubing, then heat-form-
ing the tubing to create hanger-shaped antennas. The same
method could be used to create self-supporting antennas in
any shape.

[0075] A planar antenna can be limited in its ability to read
tags that are oriented parallel to the magnetic field lines
created by the antenna. The read range may be extended and
tag orientation limitations overcome by providing for an
RF-powered antenna (antenna connected to a reader) and
one or more passively coupled antennae that are not con-
nected directly to the reader. These passively connected
antennae are excited or powered through inductive coupling
with the powered antenna. The passively coupled antenna
will have a magnetic field, preferably, 180 degrees out of
phase with the actively coupled antenna. Thus the orienta-
tion of the resulting magnetic field will oscillate, so that
RFID tags in otherwise unfavorable orientations may still be
read. In one embodiment, the passively coupled antennas
could be provided in the shelf itself, for example, with
actively powered antennas in the front of the shelf and
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passively coupled antennas in the back of the shelf, with all
antennas being in the plane of the shelf. Other embodiments
include having passively coupled antennae in the vertical
plane at the ends of shelves or backs of shelves. Other
embodiments include using at least one actively powered
antenna within an enclosure such as a box, cabinet, or
passageway, with one or more passively coupled antennae to
provide better reading range or better flexibility in reading
tags that are disposed in any orientation. Other embodiments
include having passively coupled antennae in the vertical
plane at the ends of shelves or backs of shelves. Other
embodiments include for a given shelf having passively
coupled antennae in the horizontal plane some distance
above the shelf, preferably just under the next shelf up.

[0076] In a preferred embodiment, the multiple antennae
may be put on a self-supporting shelf or may be embedded
into a thin mat that can be laid on existing store shelves.

[0077] For example, as shown in the block diagram of
FIG. 3A, independent shelf systems 501a, 50156 . . . 501
and 502a, 5025 . . . 502 are each provided with multiple
antennae 200 that are each connected to a reader unit 120 by
a transmission cable 222. Each reader unit 120 has a
controller or control unit 124 that uses a control cable 221
in selecting which antenna is active at any time. Between
shelves, the cables 221 and 222 may be interconnected using
connectors 526. While the embodiment disclosed in FIG.
3A shows that each group of shelves has an RFID system
with a reader unit 120 connected to multiple antennae 200,
one skilled in the art would recognize that a single reader
unit may be configured to connect to multiple antennae on
more than one shelf that are located proximate to each other,
or each shelf may be configured to have its own reader unit.

[0078] The block diagram of FIG. 3B shows an alternate
embodiment where each shelf 503a, 5035 . . . 503% is
provided with multiple antennae 200. The multiple antennae
200 are each connected to a reader unit 120 by a transmis-
sion cable 222. Each reader unit 120 has a controller 124 to
select which antenna is active at any time. This controller
124 may be a microprocessor. Furthermore, the shelves may
have secondary controllers 125 that co-operate with the
controller 124 to select antennae. The secondary controllers
125 may be microprocessors with sufficient outputs to
control all the antennae within the associated shelf, as well
as controlling output devices 510, such as shelf-edge dis-
plays, for displaying information such as pricing. The output
devices 510 could display information using visible and
audible signals as would be recognized by those skilled in
the art. Using secondary controllers 125 may reduce the
number of wires required in connectors 526 between
shelves.

[0079] The control unit 124 may selectively operate any or
all the switches by sending commands through a digital data
communication cable 221, for example by sending a unique
address associated with each switch, as with would be
possible, for example, by using a Dallas Semiconductor
DS2405 “1-Wire®” addressable switch. Each such addres-
sable switch provides a single output that may be used for
switching a single antenna. Preferably the control unit 124
may selectively operate any or all the switches by utilizing
one or more secondary control units 125. For example, the
secondary control unit 125 may be a microprocessor such as
a Microchip Technology Incorporated PICmicro® Micro-
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controller, which can provide multiple outputs for switching
more than one antenna, such as all the antennas in proximity
to the secondary control unit 125. The control unit 124 may
also be a microprocessor such as a MicroChip Technology
Incorporated PICmicro® Microcontroller. Communications
between the control unit 124 and the secondary control unit
125 can be implemented by using digital communication
signals in accordance with well known communication
protocols such as RS-232, RS-485 serial protocols, or Eth-
ernet protocols or Token Ring networking protocols. Such
communications through the secondary control unit 125
may, in addition to selecting the desired antennae, also
include commands to operate additional features. Examples
of such features include providing displays (for example,
light LED’s) proximate to the antennae, displaying alpha-
numeric text through appropriate visual displays, or output-
ting audible information in the proximity of the antennae.

[0080] In a preferred embodiment, the intelligent shelf
system is controlled through the electronic network. A
controlling system that controls the intelligent shelf system
will send command data to the control unit 124 via RS-232
or similar protocol. These commands include but are not
limited to instructions for operating reader unit 120, instruc-
tions for operating the antennae switches, and auxiliary
information to be displayed by shelves for example with
lights, visual displays, or sound. The control unit 124 is
programmed to interpret these commands. If a command is
intended for the reader unit 120, the control unit 124 passes
that command to the reader unit 120. Other commands could
be for selecting antennae or displaying information, and
these commands will be processed if necessary by control
unit 124 to determine what data should be passed through
digital data communication cable 221 to the secondary
control units 125. Likewise the secondary control units 125
can pass data back to the controller 124, as can the reader
unit 120. The controller 124 then relays result data back to
the controlling system through the electronic network. The
inventory control processing unit 550, shown in FIGS. 3A
and 3B, is one example of such a controlling system. As
discussed further herein with respect to the intelligent shelf
system, the electronic network and controlling system are
used interchangeably to depict that the intelligent shelf
system may be controlled by the controlling system con-
nected to the intelligent shelf system through an electronic
network.

[0081] At a minimum, control unit 124 must decide
whether a command from the electronic network should be
sent to reader 120, or should be send on the digital com-
munication cable 221. Also, control unit 124 must relay data
it receives from the digital communication cable 221, and
from reader unit 120, back to the electronic network. In the
minimum configuration for example, the electronic network
would for example issue a command to read a single
antenna. The control unit 124 would a) set the proper switch
for that antenna, b) activate the reader, ¢) receive data back
from the reader, d) deactivate the reader, and e) send the data
back to the electronic network.

[0082] FIG. 3C is a flowchart illustrating exemplary pro-
cessing of a command signal from a host by the control unit
124. In step 330, the control unit 124 determines whether
there is a command for the control unit 124 (it may do so by
interrogating a memory location periodically). The control
unit 124 then determines in step 332 whether the command
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was for the reader 120 and, if so, sends the command to the
reader unit 120 in step 334. If not, in step 336, the control
unit 124 decodes the command and sends appropriate
instructions to the secondary controller 125. Thereafter, in
step 338, the control unit 124 determines whether a response
has been received from the reader unit 120 if a command had
been sent to the reader in step 334. If a response has been
received, then in step 340, the control unit 124 passes the
response back to the host. Thereafter, in step 342, the control
unit 124 determines whether a response has been received
from the secondary control unit 125 in response to the
instruction sent in step 336. If a response has been received
from the secondary control unit 125 in step 342, the response
is interpreted by the control unit 124 and sent to the host in
step 344. Thereafter, the processing control returns to step
330 in which the control unit 124 determines whether there
is another command from the host that needs to be pro-
cessed.

[0083] The control unit 124 may also perform some man-
agement functions otherwise handled by the electronic net-
work. For example, the electronic network might issue a
command to find a certain article on the entire shelf system
associated with control unit 124. In such a case, the control
unit would manage a series of tasks such as a) determine
how many antennae were in its system, b) set the proper
switch for the first antenna, ¢) activate the reader, d) receive
data back from the reader and save it, e) deactivate the
reader, f) set the proper switch for the next antenna until all
the antennae have been activated, g) activate the reader until
all the antennae have been read. In the preferred embodi-
ment, when all antennae had been read, the control unit 124
or the electronic network (“host” or the “controlling sys-
tem”) would analyze its accumulated data and report back
only the location(s) of the desired item.

[0084] FIG. 3D is a flowchart illustrating exemplary man-
agement function processing performed by control unit
according to the present invention. In step 350, the control
unit 124 receives a command from a host application that
requests a count of the total number of antennae controlled
by the control unit 124. Therefore, in step 352, the control
unit 124 determines the number of antennae controlled
directly by the control unit 124. Thereafter, in step 354, the
control unit 124 issues a command to the secondary control
units 125 to select the next antenna on their list and waits for
a confirmation from the secondary control units 125 in step
356. In steps 358 and 360, a “read” command is sent to the
reader 120 that awaits and reads the data from the selected
antenna and sends the data to the host application in step
362. Thereafter, the control unit sends a “standby” command
to the reader 120 in step 364 and determines in step 366
whether all the antennae have been read. If it is determined
that all the antennae have been read in step 366, the
processing is terminated. Otherwise, the process control
returns to step 354 so that the control unit 124 can issue a
command to the secondary control units to select the next
antenna on the list that has not yet been selected.

[0085] An additional advantage of placing the control unit
124 between the electronic network and the reader units is
that different types of readers 120 can be used as desired.
The commands from the electronic network to the control
unit may be generic and not reader-specific. For example the
electronic network can send to the control unit a “read
antennas” command. The control unit in turn can translate
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this command into the appropriate command syntax required
by each reader unit. Likewise the control unit can receive the
response syntax from the reader unit (which may differ
based on the type of the reader unit), and parse it into a
generic response back to the electronic network. The com-
mand and response syntax may differ for each type of reader
unit 120, but the control unit 124 makes this transparent to
the electronic network.

[0086] The block diagram of FIG. 3E shows an alternate
embodiment where the controller 124 and reader 120 are
contained in shelf 504a. As would be recognized by those
skilled in the art, it is also possible for the controller and
reader to be apart from any shelf. A digital communication
cable 221 connects the controller 124 to secondary control-
lers 125, and RF transmission cable 222 connects the reader
120 to the antennae 200. The controller 124 may operate a
branch switch 527 that selects which of the groups of shelves
(for example 5045-5047, or 5055-5057) will be selected. In
FIG. 3E, the branch switch 527 is used with a “parallel-
series” connection method for the secondary controllers 125
and the antennae connected to the secondary controller 125.
That is, instead of a controller 124 and reader 120 operating
all of the shelves in single series arrangement, the RF and
digital communication lines are branched (that is, each of the
branches are parallel to each other) before continuing on
through shelves 5045-5047 in series, and 5055-505% in
series. The parallel-series configuration in FIG. 3E may be
advantageous for an aisle of shelves where typically there
are approximately four levels of shelves (each of which may
be connected in parallel), with each level having perhaps
10-20 shelf units connected in series. In certain situations a
parallel-series configuration may also be desired from an RF
transmission standpoint. For example, if an aisle has 4 levels
of shelves each with 12 shelf units each having four anten-
nae, the parallel-series configuration connects in parallel
four groups of 48 antennae, while the series-only configu-
ration would have to connect in series one group of 192
antennae. The RF transmission cable for the series-only
configuration might thus become too long for efficient
operation.

[0087] The block diagram of FIG. 3F shows an alternate
embodiment where the controller 124 and reader 120 are
arranged apart from any shelf. Digital communication cable
221 connects controller 124 to the secondary controllers
125, and RF transmission cable 222 connects the reader 120
to the antennae 200. The controller 124 or secondary con-
troller 125 may operate a tee switch 528 that selects which
of the shelves or groups of shelves (for example 5064, or
507a-507b) will be selected. The tee switch 528 may be
separate from or part of a shelf as would be recognized by
one skilled in the art. In FIG. 3F, the tee switch 528 is used
with another “parallel-series” connection arrangement. That
is, instead of a controller 124 and reader 120 operating all
shelves in series, the RF and digital communication lines are
branched off (that is, connected with a multi-drop or “tee”
arrangement with each of the branches arranged in parallel)
to shelves or groups of shelves that are arranged in series.
This configuration allows the RF signal to be switched by
the tee switch 528 into a shelf or group of shelves, or to
bypass the shelf or group of shelves. The tee or multi-drop
configuration shown in FIG. 3F may be used to reduce the
number of switching elements through which the RF trans-
mission cable passes.
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[0088] In FIG. 3F the portion 221a of the control cable
that extends beyond shelf 506a, and the portion 222a of the
RF cable extends beyond shelf 5064, are outside of the shelf.
However, as would be recognized by those skilled in the art,
these extended portions of the cables may also be contained
within the shelf. Additional extended control cable portions
2215 and additional extended RF cable portions 2225 may
be used to connect to more shelves or groups of shelves.
Likewise, additional shelves (not shown) may be added to
groups of shelves, for example to shelves 506a-5065 as
would be apparent to those skilled in the art.

[0089] FIG. 3G shows an example tee switch 528 on an
example shelf 507a. The tee switch contains a switch, for
example PIN diode 207¢. A secondary controller 125 asso-
ciated with shelf 507a may activate PIN diode 207¢ to allow
the RF signal from RF cable 222a into shelf 507a, where it
may be routed through switches 214 to antennae 200. The
RF energy also may continue along RF cable 2226 to
optional additional tee switches, and finally to a terminator
215. Thus typically there may be two parallel loads on the
RF cable 222a—the activated antenna and the terminator
215. A circuit 217, for example, an isolator circuit that is
well known to those skilled in the art, may be used to match
the impedance to reader 120.

[0090] FIG. 3H shows an example inline switch 529 that
may be used on an exemplary shelf 507a. The inline switch
contains a switch, for example, a PIN diode 207d. A sec-
ondary controller 125 associated with shelf 5074 may acti-
vate pin diode 2074 to allow the RF signal from the RF cable
222a to continue along RF cable 2225, or deactivate PIN
diode 2074 to prevent the RF signal from continuing along
RF cable 2225b. Preferably, tee switch 528 and inline switch
229 may be used together to either route the RF signal to the
shelf 5074 or to RF cable 2225. With the use of one or more
inline switches such as inline switch 529, isolator circuit 217
may not be necessary. However, the inline switch 529 may
result in some RF energy loss.

[0091] FIG. 31 shows an exemplary method of combining
the RF and digital communication on a single cable. The
primary controller 124 sends a digital command 250
intended for the intelligent stations. A converter 251 con-
verts the digital data to a superimposed digital signal 252
that may be superimposed on the RF cable. For example, this
superimposed digital signal may be at a different frequency
than used by RFID reader 120. This superimposed digital
signal may pass through a filter 253, such as the exemplary
inductor 253 shown in FIG. 31. It then is superimposed onto
the RF cable. Another filter 254 may be used to block the
superimposed signal from reaching the RFID reader 120.

[0092] The combined RF and digital signals pass down
cable 2224 to one or more intelligent stations 261, 262, 263,
etc. (only 261 and 262 shown in FIG. 31). Upon reaching
exemplary intelligent station 261, the combined signal may
pass through another filter 255, such as an inductor sized to
block the RF signals from the RFID reader. The superim-
posed digital communication passes through filter 255 and
into a receiver circuit 256 that retrieves the digital informa-
tion and passes it to secondary controller 125, and optionally
to additional secondary controllers 260.

[0093] The secondary controller 125 may send informa-
tion back to the primary controller 124 through a transmitter
circuit 257, for example operating at a frequency other than
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the RF frequency of reader 120, and optionally at a different
frequency than used for communicating from the primary
controller (or control unit) 124 to the secondary controller
(or control unit) 125. Such information may be received by
receiver circuitry 258, converted to appropriate digital sig-
nals 259 and returned to the primary controller 124.

[0094] A variation on the method for digital communica-
tion between the primary controller 124 and secondary
controller 125 is to send digital communications from the
primary controller 124 as a series of pulses at two or more
DC voltages. Preferably, both voltages are high enough to
power any circuitry associated with the secondary controller
125, peripherals 510, etc that require DC power. These
voltages may be sent from digital transmitter circuit 251, and
received by receiver circuitry 256, which could be a simple
voltage comparator circuit. Communication from the sec-
ondary controller 125 back to the primary controller may be
provided by having the digital transmit circuitry 257 provide
two different levels of current draw or load on the commu-
nications cable, for example by switching in and out a
transistor feeding a resistor. Such variations in the current
draw would then be sensed by the receiver circuit 258 and
converted into digital data for the primary controller 124.

[0095] FIG. 3J illustrates an exemplary method using
switches to minimize the undesirable effects of an RF cable
extending past a selected antenna. It will be understood from
the preceding descriptions that switches may be controlled
by the intelligent station system through use of secondary
controllers (or control unit). FIG. 3J shows a reader unit 370
connected to a series of antennas 371-377. The series of
antennae are also denoted as 1%, 2°9, Nth, etc. Each antenna
has associated with it circuitry 380. The circuitry may
include a coaxial cable 381 carrying the RF signal. An
RF-carrying center conductor may be shorted to the coaxial
shield by shunt switch 382, or connected to tuning circuitry
and thereafter the antenna 371 through a select switch 383.
The coaxial shield is electrically continuous as denoted by
line 384. The coaxial shield would typically be grounded.
The coaxial center conductor is likewise continuous.

[0096] The distance between successive antennae is, pref-
erably, an integer submultiple of a quarter-wavelength of the
RF signal. For example, an RF signal at 13.56 MHz trav-
elling through standard coaxial cable with polyethylene
dielectric has a quarter wavelength of approximately 12 feet.
Thus, as shown in FIG. 3J, a one-foot coaxial length
between antennae could be used to provide a one-twelve
submultiple of a quarter wavelength spacing. Other integer
submultiples are possible, for example a 1.5-foot coaxial
length between antennae could be used to provide a one-
eighth submultiple.

[0097] To illustrate the method, the Nth antenna 373 could
be selected by closing select switch 385 to direct the RF
signal to antenna 373. Also, shunt switch 386 is closed to
short the RF signal to the coaxial shield at antenna 375,
which is located a quarter wavelength further along the RF
cable. A short circuit at one-quarter wavelength distance
along the RF cable is seen as an infinite impedance, and
minimizes the adverse effects of the RF cable extension past
the selected antenna. At the end of the series of antennae,
there may optionally be additional shunting switches as
denoted by 378 and 379.

[0098] In the preferred embodiments, the intelligent sta-
tion system is modular, using inexpensive components to



US 2006/0232382 Al

handle data from the multiple antennae. Multiple antennae
within a shelf may be activated in sequence or, optionally,
with phase delays to enhance their effectiveness as is within
the abilities of those skilled in the art.

[0099] With reference to the figures, FIG. 4A is a block
diagram illustrating one embodiment of the present inven-
tion that shows an RFID system with multiple antennae 200,
210 (only two shown for convenience) connected to a reader
unit 120. Therefore, the RFID system disclosed herein could
be used to implement the intelligent stations 501a-r or
502a-n shown in FIG. 3A. FIG. 4A is not intended to limit
the present invention since those skilled in the art would
recognize various modifications, alternatives, and variations
thereof. Furthermore, one skilled in the art would recognize
that the present invention, and its construction and method
of operation would apply to transmissions and detection at
other frequencies also as long as power and regulatory
requirements are satisfied. The RFID system may comprise
a single shelf or the multiple antennae may be arranged on
proximate shelves and connected to a single reader unit
using connectors, for e.g., co-axial or other connection
means. As shown in FIG. 4A, a single RF transmission cable
222 is used to connect to both the antennae 200 and 210. The
transmission cable 222 terminates in a conventional termi-
nator 215. The reader unit 120 is associated with a control
unit 124 but does not have a multiplexer. Instead the
controller 124 is designed to control switches 204 and 214
located at the antennae 200 and 210, respectively. The
control unit 124 may also communicate with secondary
control units 125, for example, located proximate to the
antennae. The secondary control unit 125 may include
microprocessors or addressable devices that may cooperate
with control unit 124 in selecting the antennae.

[0100] In one embodiment, the switches 204 and 214 are
connected to the control unit 124 by a separate cable 221.
Those skilled in the art would recognize that other means,
including wireless means, or different frequency signals
superimposed on the RF signal carried on the cable 222, may
be used to connect the control unit 124 to the switches 204
and 214. The switches 204, 214 are controlled so that at any
time, only one of the antennae 200, 210 is connected to the
reader unit 120 through the cable 222.

[0101] FIG. 4B is a schematic diagram showing a logical
switch 204 that toggles between an open (dotted line) and a
closed position, which powers the antenna. Such a logical
switch may be used with the embodiment discussed with
respect to FIG. 4A.

[0102] FIG. 5 is another embodiment of the present inven-
tion that is similar to the embodiment discussed above with
respect to FIG. 4A, except that the antennae 200 are all
identical, as shown in FIG. 5. Therefore, the tuning circuits
202 may all be identical, which simplifies antenna fabrica-
tion. Therefore, the reader unit 120 is connected by trans-
mission cable 222 and switches 204 and 214 to respective
multiple identical antennae 200.

[0103] FIG. 6 is block diagram of an alternate embodi-
ment that shows a benefit when the multiple antennae 200
are identical. Portions of the tuning circuitry 202 may be
moved back to a common tuning circuit 213 at or proximate
the reader unit 120 itself. Therefore, the reader unit 120 is
connected to the multiple antennae 200 through a common
tuning circuit 213 that is provided at the reader unit 120. As
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would be recognized by those skilled in the art, a main
tuning circuit 202 or 212 may still be provided for each
antenna 200.

[0104] FIG. 7 is a block diagram illustrating another
embodiment of the present invention in which two separate
transmission cables 222 and 230 transmit modulated and
unmodulated RF signals, respectively, to multiple antenna
configurations each of which include antenna loops 201 and
231. Associated with the reader unit 130 is a control unit
134. The reader unit 130 is designed so that a RF signal can
be split to allow an unmodulated RF signal to be transmitted
through a separate cable 230 and through a tuning circuit
232 into antenna loops 231 that are associated with the RF
antennae 201. Each of the RF antennae 201 is associated
with respective antenna loops 231. As before, the reader unit
130 also generates a modulated RF signal that is transmitted
through the tuning circuit 212 and the transmission cable
222 to the multiple antennae 201. Respective switches 204
and 214 connect the respective antennae 201 to the trans-
mission cable 222 and also connect the respective antenna
loops 231 to the transmission cable 230.

[0105] In one embodiment, the unmodulated RF system,
including the tuning circuit 232, the cable 230, and the
antenna loops 231 may all be powered continuously. In
contrast, the reader antenna data loops 201 may only be
turned on one at a time by suitably controlling the switches
204 and 214. Because the loops 231 can be powered
continuously, there is no start-up time required for RFID
tags to charge up during data transfer. Such a system could
advantageously be used in situations where the RFID tags
need to be frequently read. Furthermore, this embodiment
also allows handheld reader units to read the tags at any time
because the tags are always powered in view of the con-
tinuous powering of the unmodulated RF system. The
unmodulated cable 230 has a terminator 216 at the end of the
cable 230. In this context, it should be understood that the
term “continuous” power may include a percentage duty
cycle if required by legal or other limits. Alternatively, the
unmodulated RF system can be activated just prior to
activating the modulated RF system for each antenna.

[0106] FIG. 8 is another embodiment that is similar to the
embodiment discussed above with respect to FIG. 7. In this
embo