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Figure 1A

(57) Abstract: Described is an inventory control system for
controlling inventory in a receptacle comprising a plurality
of compartments. The system includes an electronic reader,
at least one antenna, a controller, and a processor. The elec-
tronic reader is configured to read a plurality of electronic
labels in a plurality of the compartments of the receptacle,
each electronic label being associated with, and identifying,
an item in one of the compartments of the receptacle. The at
least one antenna is in communication with the electronic
reader. The at least one antenna is associated with two or
more compartments and configured to read electronic labels
in the two or more compartments so that the electronic read -
er identities a group of labels associated with the two or
more compartments. The controller controls access to a se-
lected one of the compartments at a time. The processor is
responsive to the group of labels and the selected one of the
compartments to determine the contents of each compart-
ment and a compartment location of each item.
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Cross-Reference to Related Applications

[0001] The present application is a national phase entry of International application no.
PCT/IB2017/050832 (Publication no. WO 2017/141164 A1) filed on 15 February 2017,
which claims priority from Australian Provisional Patent Application No 2016900522 filed on

16 February 2016, the content of which is incorporated herein by reference.

Technical Field

[0002] The present disclosure relates, generally, to inventory tracking and, more
particularly, to an inventory control system for, and a method of, controlling inventory in a

receptacle comprising a plurality of compartments.

Background

[0003] Radio frequency identification (RFID) is a wireless identification method where data
are electronically stored on a tag, and the data are read by an RFID reader. RFID tags can be
attached to objects that need to be identified or tracked. RFID tags can be passive, active, or

semi-passive and different types of readers are used for the different types of tags.

[0004] RFID tags provide a simple and efficient way of tracking items because tags or labels
can be attached to objects while minimally interfering with such objects. For example,
inventory control systems are able to scan a container with an RFID reader, count the number

of objects with RFID tags attached to them and identify those objects.

[0005] Any discussion of documents, acts, materials, devices, articles or the like which has
been included in the present specification is not to be taken as an admission that any or all of
these matters form part of the prior art base or were common general knowledge in the field
relevant to the present disclosure as it existed before the priority date of each claim of this

application.
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Summary

[0006] Where RFID is used in inventory tracking, the strength of the antenna used may be
such that, in combination with the configuration of the container used for the items to be
tracked, it is not possible to pinpoint the exact location of tracked items. For example, if an
RFID antenna is positioned next to two drawers in a single cabinet and RFID tags are
identified by the reader, then the identified tags may be present in either one of those two
drawers. One solution is to use two separate antennas for each drawer and to
electromagnetically isolate the drawers using electromagnetic shielding so that each antenna
is only able to read the contents of its respective drawer. However, providing electromagnetic

shielding is cumbersome, expensive and does not scale easily.

[0007] Described herein are an inventory control system and a method of controlling
inventory whereby a more specific location of a tracked item can be determined from a more

granular reading obtained from an RFID system.

[0008] In one aspect of the disclosure, there is provided an inventory control system for
controlling inventory in a receptacle comprising a plurality of compartments, the system
including: an electronic reader configured to read a plurality of electronic labels in a plurality
of the compartments of the receptacle, each electronic label being associated with, and
identifying, an item in one of the compartments of the receptacle; at least one antenna in
communication with the electronic reader, the, or each, antenna being associated with
multiple compartments and configured to read electronic labels in those multiple
compartments at the same time so that the electronic reader identifies a group of labels
associated with the two or more compartments; a controller controlling access to a selected
one of the compartments at a time; and a processor responsive to the group of labels and the
selected one of the compartments to determine the contents of each compartment and to

determine a compartment location of each item.

[0009] In another aspect of the disclosure, there is provided an inventory control system for
use with a receptacle comprising a plurality of compartments, the system including: an
electronic reader configured to read a plurality of electronic labels in a plurality of the
compartments of the receptacle, each electronic label being associated with, and identifying,

an item in one of the compartments of the receptacle, wherein the electronic reader comprises
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at least one antenna; a controller controlling access to a selected one of the compartments at a
time; and a processor responsive to the read electronic labels and the selected one of the
compartments to determine the contents of the compartments and a compartment location of

each item.

[0010] The compartments of the receptacle may be substantially transparent to

electromagnetic radiation emitted by the at least one antenna.

[0011] In one embodiment, the electronic reader may read the plurality of electronic labels
continuously via the at least one antenna. In another embodiment, the electronic reader may
read the plurality of electronic labels periodically when or after the selected one of the
compartments has been accessed. In this specification, the term “periodically” is to be
understood, unless the context clearly indicates otherwise, as meaning being repeated at

regular or irregular intervals.

[0012] The processor may update the determined contents of the compartments and
compartment locations of the items when or after the selected one of the compartments has

been accessed.

[0013] The at least one antenna may be insensitive to orientations of the electronic labels.
The at least one antenna may lie between compartments so that the electronic reader reads

electronic labels in compartments above and below the location of the at least one antenna.

[0014] The controller may control access to the plurality of compartments based on a pick-

list of items configured by a user and activated by a user identifier.

[0015] In another aspect of the disclosure, there is provided a method of controlling
inventory in a receptacle comprising a plurality of compartments, the method including:
reading a plurality of electronic labels in a plurality of the compartments of the receptacle,
each electronic label being associated with, and identifying, an item in one of the
compartments of the receptacle; controlling access to the plurality of compartments; and
determining the contents of the compartments and a compartment location of each item, based
on compartments accessed and labels read. The reading may be performed using at least one

antenna that reads electronic labels in more than one of the compartments
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[0016] In a third aspect of the disclosure, there is provided a method of controlling inventory
in a receptacle comprising a plurality of compartments, the method including: receiving
identification data of a plurality of read electronic labels in the plurality of the compartments
of the receptacle from a single antenna associated with that plurality of compartments, each
electronic label being associated with, and identifying, an item in one of the compartments of
the receptacle; monitoring access to the plurality of compartments; and responsive to the
received identification data and the monitored access, determining the contents of the

compartments and a compartment location of each item.

[0017] The determining may occur when or after a compartment has been accessed.

[0018] The receiving may include reading the plurality of electronic labels in the plurality of

the compartments.

[0019] The method may further include controlling access to a selected one of the

compartments at a time.

[0020] In one embodiment, the reading may be continuous. In another embodiment, the
reading may occur periodically, when or after the selected one of the compartments has been

accessed.

[0021] The method may further include generating or updating a location database with the

determined compartment locations of the items.

[0022] In a fourth aspect of the disclosure, there is provided a method of controlling
inventory in a receptacle comprising a plurality of compartments, the method including:
receiving a pick-list of items configured by a user; retrieving a compartment location for each
item from a location database; providing an access control configuration based on the
compartment locations; monitoring which, if any, compartment has been accessed; receiving
identification data of a plurality of read electronic labels in the plurality of the compartments
of the receptacle from a single antenna associated with that plurality of compartments, each
electronic label being associated with, and identifying, an item in one of the compartments of
the receptacle; responsive to the identification data and the monitoring of access to the

compartments, determining the contents of the compartments and a compartment location of
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each item; and updating the location database with the determined compartment locations of

the items.

[0023] The receiving of the plurality of read electronic labels may include reading the

plurality of electronic labels in the plurality of the compartments.

[0024] The method may further include, responsive to the access control configuration,

controlling access to a selected one of the compartments at a time.

[0025] Throughout this specification the word "comprise", or variations such as "comprises”
or "comprising", will be understood to imply the inclusion of a stated element, integer or step,
or group of elements, integers or steps, but not the exclusion of any other element, integer or

step, or group of elements, integers or steps.

Brief Description of Drawings

[0026] Embodiments of the disclosure are now described by way of example with reference

to the accompanying drawings in which:-

[0027] Figure 1A is a schematic representation of an embodiment of an inventory control

system in use in a first configuration of a cabinet;

[0028] Figure 1B is a schematic representation of an embodiment of an inventory control

system in use in a second configuration of a cabinet;

[0029] Figure 2 is a flow diagram illustrating an embodiment of a method of controlling

inventory in a receptacle comprising a plurality of compartments;

[0030] Figure 3 is a flow diagram illustrating another embodiment of a method of

controlling inventory in a receptacle comprising a plurality of compartments; and

[0031] Figure 4 is a flow diagram illustrating a further embodiment of a method of

controlling inventory in a receptacle comprising a plurality of compartments.

[0032] In the drawings, like reference numerals designate similar parts.
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Description of Embodiments

[0033] Fig. 1A shows an embodiment of an inventory control system 100 used with a
receptacle, such as a cabinet 102. The cabinet 102 has a number of compartments, in this
example, three drawers 104 that each hold items 106 tracked by the inventory control system
100. Each item 106 has an electronic tag 108, in the form of an RFID tag, associated with it.
For example, the tag 108 is adhesively attached to its associated item 106. The system 100

includes at least one electronic reader 110 for reading the tags 108 of the items 106.

[0034] In the illustrated embodiment, the RFID reader 110 includes an RFID antenna 112 to
which the type of tags 108 to be read are responsive. For example, passive RFID tags are read
using antennas that emit sufficient power to energise the tags. The antenna 112 is typically an
orientation insensitive antenna in the sense that it is able to read RFID tags present in the

cabinet 102 in any orientation relative to the antenna 112.

[0035] The inventory control system 100 includes a controller 114 that controls access to the
drawers 104. The inventory control system 100 also includes a processor 120 that determines
the contents of the drawers 104 based on the drawer to which the controller 114 provides

access as well as the tags 108 read by the reader 110.

[0036] The controller 114 controls access to the drawers 104, for example, by controlling an
electronic locking system that locks and unlocks the drawers 104 enabling a user to open and
close an unlocked drawer. Typically the controller 114 only allows access to one drawer 104
at a time. In some embodiments the controller 114 may also control the operation of a
mechanical actuator that opens an unlocked drawer. An example of a drawer and lock
configuration that can be used is a drawer slide with an integrated electronic lock, such as the
Accuride™ 38EL integrated electronic lock available from Accuride International, Inc., of
12311 Shoemaker Avenue, Santa Fe Springs, CA, 90670, USA. The drawer slide has sensor

feedback to the electronic lock and/or controller 114 indicating the drawer locking status.

[0037] The controller 114 has a user interface 116 that receives input from a user relating to
items to be removed from, or placed in, one of the drawers 104. In some embodiments the
user interface 116 includes an authentication mechanism 126. Presented with a user identifier,

the authentication mechanism 126 activates access control. For example, a user may have a
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user swipe card and the authentication mechanism 126 is a magnetic reader. If the magnetic
reader identifies the user and authenticates the user’s identity, the controller 114 activates an
access control configuration in order to unlock or open any one of the drawers 104 as
required. While the authentication mechanism has been described with reference to a swipe
card system, it will be appreciated that any other suitable authentication mechanism can be

used, for example, an RFID card reader, a biometric identification mechanism, or the like.

[0038] The user interface 116 includes an indicator to indicate to the user which drawer 104
has been unlocked. In some embodiments the indicator is shown on a display 117 of the user
interface 116. In other embodiments each drawer 104 has an enunciator 128, for example, an
LED associated with it, to alert the user to which drawer 104 access has been given by the

controller 114.

[0039] The controller 114 is in data communication with an inventory database 118
containing information relating to inventoried items and their locations, as well as the
contents of each drawer 104. Based on the input user requirements, the controller 114
retrieves location information from the database 118 and unlocks, opens or otherwise
provides access to the appropriate drawer 104. While the database 118 is shown in this
embodiment as being arranged within, or on, the cabinet 102, the database 118 may be
remotely arranged relative to the cabinet 102 with the controller 114 communicating

wirelessly or in a wired manner with the database 118.

[0040] The processor 120 processes data received from the RFID reader 110 about any tags
108 identified within the cabinet 102, and also data received from the controller 114 about
drawer access. In one embodiment, the drawer access data are based on access provided by
the controller 114, i.e. which drawer 104 is unlocked by the controller 114. In another
embodiment, the drawer access data are based on actual access, e.g. if a drawer 104 has been
physically opened (either activated by the controller 114 or opened by a user). In some
embodiments, if the controller 114 unlocks a drawer 104, then the cabinet 102 may include
sensors used to monitor actual access, such as position or displacement sensors (e.g. a Hall
effect sensor) (not shown). The processor 120 is in data communication with the database 118

and periodically updates the inventory data stored in the database 118.
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[0041] Fig. 1B shows another embodiment of the inventory control system 130, where the
antenna 112 of the electronic reader 110 lies between two drawers 104 of a cabinet 102. The
antenna 112 reads tag data from both drawers 104. In this embodiment, the processor 120
effects both access control to the cabinet 102, via a communication link 140, and processing
of the access control data and RFID data received from the reader 110 via a communication
link 142. The processed data are stored as inventory data in an inventory database maintained

in a memory 144 of the processor 120.

[0042] In both of the illustrated embodiments, the processor 120 may be a general purpose
microprocessor, with executable instructions defined by a suitable programming language
stored in an associated memory, e.g. memory 144. The processor 120 may also be an
Application-specific Integrated Circuit (ASIC), digital signal processor (DSP), Field-
Programmable Gate Array (FPGA) and/or other suitable processing hardware component(s).
The controller 114 is typically software implemented on a suitable processor and in some

embodiments may be implemented on the processor 120.

[0043] In both these embodiments, the drawers 104 typically do not include electromagnetic
shielding and are therefore transparent to electromagnetic radiation emitted by the antenna
112. This results in a cost effective cabinet construction, and also means that the reader 110 is
able to use one antenna 112 to read multiple compartments at a time depending on the size
and configuration of the cabinet and compartments as well as the power of the antenna 112 of
the electronic reader 110. Still further, the absence of shielding allows the system 100 to be

retrofitted easily to an existing cabinet 102.

[0044] An embodiment of a method of controlling inventory in a receptacle comprising a
plurality of compartments is illustrated in Fig. 2 of the drawings and is designated generally
by the reference numeral 200. At 202 the reader 110 reads the RFID tags 108 within the
various drawers 104 of the cabinet 102 via the antenna 112. At 204 the controller 114 controls
access to the drawers 104, for example, by controlling an electronic locking system that locks
and unlocks the drawers 104 enabling a user to open and close an unlocked drawer. In some
embodiments the controller 114 may also control the operation of a mechanical actuator that

opens an unlocked drawer 104.
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[0045] Based on the RFID tags 108 read by the antenna 112 of the reader 110 at 202 as well
as the access control effected at 204, the processor 120 determines which items 106 (each
associated with an RFID tag 108) are present in the cabinet 102 after access has been gained
to one or more drawers 104 of the cabinet 102. The processor 120 also determines inside
which drawer 104 the items 106 are located depending on which drawers 104 were or could
have been accessed. If a particular drawer 104 was accessed, then any change of items 106
detected from before the drawer 104 was accessed until after the drawer 104 was accessed,

will provide an indication of items 106 removed or added to that specific drawer 104.

[0046] In some embodiments, the reader 110 continuously reads the contents of the cabinet
102 by activating the one or more antennas 112 one at a time to scan the contents of the
cabinet 102, and simply updates the database when changes occur in the RFID tags 108 read
by the reader 110. In other embodiments, the reader 110 only reads the contents of the cabinet
102 after access has been provided to a drawer 104, or after a drawer 104 has actually been
accessed. In the latter case, the reader 110 may read the contents while the drawer 104 is

being accessed, and/or after the drawer 104 has been accessed and re-locked.

[0047] With reference to Fig. 3 of the drawings, a flow diagram of another embodiment of a
method of controlling inventory in a receptacle comprising a plurality of compartments is
illustrated and is designated generally by the reference numeral 300. At 302 RFID tag data are
received that identify the items 106 present in the cabinet 102. In some embodiments these
data are read by a single reader 110 having a single antenna 112 as shown in Figures 1A and
IB. In other embodiments there may be one reader 110 having multiple antennas 112 that are
typically activated one at a time while, in still other embodiments, multiple readers 110 may
be used, for example for large receptacles having a large number of compartments or spatially
distributed items belonging to the same collection (e.g. in adjacent receptacles). In the latter
instances, the data from each of the antennas 112 of the reader/s 110 are combined into one
set of tag data. In some embodiments the tag data are read continuously with a reader 110 and
antenna 112 that is always reading tag data in the cabinet 102. In other embodiments, the tag
data are read periodically. It will be appreciated that where reference is made to multiple
antennas 112, each such antenna 112 is still configured to read the contents of a plurality of

the drawers 104 of the cabinet 102.
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[0048] A step of controlling access is shown at 304, in which the controller 116 controls
access to one or more of the drawers 104 of the cabinet 102. Actual access to the drawers 104
is monitored at 306, e.g. using displacement sensors such as magnetic or capacitive sensors
(not shown). The contents of the drawers 104 are determined at 308 from the RFID data
received at 302 together with the information about which drawers 104 were accessed. Each
item 106 is assigned or associated with a compartment location indicating the drawer 104
where that item 106 is located. The locations are determined every time a drawer 104 is

accessed and, typically, after the drawer 104 has been accessed, closed and re-locked.

[0049] At 310, a location database 312 is updated with the compartment location of each
item 106 as determined at 308.

[0050] Referring now to Fig. 4 of the drawings, a flow diagram of a further embodiment of a
method of controlling inventory in a receptacle comprising a plurality of compartments is
illustrated and is designated generally by the reference numeral 400. At 402 a pick-list of
items 106 configured by a user is received into the controller 114 via the user interface 116.
More particularly, the user inputs a list of one or more items 106 to be retrieved from the
cabinet 102 into the user interface 116 of the controller 114. At 404 the controller 114
accesses the location database 118 to find drawer locations for each of the items 106 on the
user’s list. At 406 the controller 114 determines an access control configuration that will
allow the user access, one drawer 104 at a time, in order to retrieve the selected items 106.
The drawers 104 are unlocked or opened in a specific order, one at a time, providing restricted
access to the drawers 104 so that items 106 and their locations within the cabinet 102 can be

tracked with precision.

[0051] At 408 the controller 114 monitors actual access to the drawers 104 of the cabinet
102, and at 410 RFID tag data are received from the reader 110. At 412 the monitored access
data and tag data are used to determine the contents of each of the drawers 104, and a drawer
location is associated with each item 106. Where the location data have changed for an item,
the data are updated at 414 and the updated data are stored in the location database 118 as
shown at 416.

[0052] An advantage of the systems and methods described herein is that electromagnetic

shielding is not required between compartments in order to distinguish between the contents



2017220064 26 Jul 2018

11

of adjacent compartments. The receptacle compartments typically do not include
electromagnetic shielding and are therefore transparent to electromagnetic radiation emitted
by the antenna/s of the electronic reader so that the reader is able to use a single antenna to
read multiple compartments at a time depending on the size and configuration of the cabinet
and compartments as well as the power of the electronic reader’s antenna. Because shielding
can be costly, this means that a more cost efficient construction of cabinets can be used. In
addition, it makes the proposed solution versatile because it can be used with a variety of
types of cabinets or receptacles that do not need to be customised using magnetic shielding.
The absence of shielding also allows an inventory control system to be retrofitted easily to an

existing cabinet.

[0053] It will be appreciated by persons skilled in the art that numerous variations and/or
modifications may be made to the above-described embodiments, without departing from the
broad general scope of the present disclosure. The present embodiments are, therefore, to be

considered in all respects as illustrative and not restrictive.
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CLAIMS:

1. An inventory control system for controlling inventory in a receptacle comprising a

plurality of compartments, the system including:

an electronic reader configured to read a plurality of electronic labels in a plurality of
the compartments of the receptacle, each electronic label being associated with, and

identifying, an item in one of the compartments of the receptacle;

at least on¢ antenna in communication with the electronic reader, the, or each, antenna
being associated with multiple compartments and configured to read electronic labels in those
multiple compartments at the same time so that the electronic reader identifies a group of

labels associated with the two or more compartments;
a controller controlling access to a selected one of the compartments at a time; and

a processor responsive to the group of labels and the selected one of the compartments
to determine the contents of each compartment and to determine a compartment location of

each item.

2. The inventory control system of claim 1, wherein at least the multiple
compartments of the receptacle are substantially transparent to electromagnetic radiation

emitted by the, or each, antenna.

3. The inventory control system of claim 1 or claim 2, wherein the electronic reader

reads the plurality of electronic labels continuously.

4. The inventory control system of any one of claims 1 to 3, wherein the electronic
reader reads the plurality of electronic labels periodically when or after the selected one of

the compartments has been accessed.

5. The inventory control system of any one of the preceding claims, wherein the
processor updates the determined contents of the compartments and compartment locations of

the items when or after the selected one of the compartments has been accessed.

6. The inventory control system of any one of the preceding claims, wherein the, or

cach, antenna is insensitive to orientations of the electronic labels.
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7. The inventory control system of claim 6, wherein the, or each, antenna lies between
compartments so that the electronic reader reads electronic labels in compartments above and

below the location of the, or each, antenna at the same time.

8. The inventory control system of any one of the preceding claims, wherein the
controller controls access to the plurality of compartments based on a pick-list of items

configured by a user and activated by a user identifier.

9. A method of controlling inventory in a receptacle comprising a plurality of

compartments, the method including:

reading a plurality of electronic labels in a plurality of the compartments of the
receptacle, each electronic label being associated with, and identifying, an item in one of the
compartments of the receptacle, wherein the reading is performed using at least one antenna,

the, or each, antenna reading electronic labels in multiple compartments at the same time;
controlling access to a selected one of the compartments at a time; and

determining the contents of the each compartment and a compartment location of each

item based on the selected one of the compartments accessed and the labels read.

10. A method of controlling inventory in a receptacle comprising a plurality of

compartments, the method including:

receiving identification data of a plurality of read electronic labels in the plurality of
the compartments of the receptacle from a single antenna associated with that plurality of
compartments, each electronic label being associated with, and identifying, an item in one of
the compartments of the receptacle, wherein the receiving includes reading the plurality of

electronic labels in the plurality of the compartments at the same time;
monitoring access to the plurality of compartments; and

responsive to the received identification data and the monitored access, determining

the contents of each compartment and a compartment location of each item.

11. The method of claim 10, wherein the determining occurs when or after a

compartment has been accessed.
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12. The method of claim 10 or 11, wherein the method further includes controlling

access to a selected one of the compartments at a time.
13. The method of claim 12, wherein the reading is continuous.

14. The method of claim 12, wherein the reading occurs periodically when or after the

selected one of the compartments has been accessed.

15. The method of any one of claims 10 to 14, further including generating or

updating a location database with the determined compartment locations of the items.

16. A method of controlling inventory in a receptacle comprising a plurality of

compartments, the method including:
receiving a pick-list of items configured by a user;
retrieving a compartment location for each item from a location database;
providing an access control configuration based on the compartment locations;
monitoring which, if any, compartment has been accessed;

receiving identification data of a plurality of read electronic labels in the plurality of
the compartments of the receptacle from a single antenna associated with that plurality of
compartments, each electronic label being associated with, and identifying, an item in one of
the compartments of the receptacle, wherein the receiving includes reading the plurality of

electronic labels in the plurality of the compartments at the same time;

responsive to the identification data and the monitoring of access to the
compartments, determining the contents of each compartment and a compartment location of

cach item; and

updating the location database with the determined compartment locations of the

items.

17. The method of claim 16, wherein the method further includes, responsive to the
access control configuration, controlling access to a selected one of the compartments at a

time.
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