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(57) Abstract: There is provided a method of inventory control for
an inventory including items sequentially arranged on one or more
structures, each item having a radio frequency tag associated thereto,
the tag having stored therein an identifier for identifying the associ-
ated item. The method includes: obtaining data in relation to multiple
items arranged in a row on a structure, the data comprising multiple
sets of identifiers detected from interrogating the tags of the plural-
ity of items at a plurality of instances along the row; determining a
sequence of detected items in the row based on the data obtained, the
sequence including estimated relative positions of the detected items
in the row; and determining whether an item of the detected items
in the row is misplaced based on the estimated relative position of
the item in the row and a reference relative position of the item in
the row.
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METHOD OF INVENTORY CONTROL AND SYSTEM THEREOF

TECHNICAL FIELD
[0001] The present invention generally relates to a method of inventory control and
an inventory control system for an inventory including sequentially arranged items, such

as, but not limited to, articles in a library.

BACKGROUND

[0002] Various environments, such as libraries, warehouses, or retail stores, face an
enormous task of maintaining and controlling large inventories of items (e.g., articles
such as books in a library or items of goods in a warehouse or in a retail store). In this
regard, conventional inventory control systems have utilized radio frequency
identification (RFID) technology to assist in inventory control. In general, RFID
technology uses electromagnetic fields to identify or detect RFID tags associated with
(e.g., attached to or inserted in) items (or simply referred to as “tagged items” herein).

[0003] For example, to identify or detect tagged items, a RFID reader (which may
also be referred to herein as a “RFID scanner”) may scan through tagged items (at a
distance from the tagged items within the detection range of the RFID reader) to send a
radio frequency (RF) signal to interrogate the tagged items. In this regard, each RFID tag
associated with an item has an item identification information relating to the item
electronically stored therein, such as, an identifier for identifying the item amongst the
items in the inventory. Therefore, during a scanning operation by a RFID reader, each
RFID tag receiving the RF signal is configured to respond to the RF signal with a
response signal, which includes the item identification information of the associated item,
to the RFID reader. The item identification information received by the RFID reader from
scanning the tagged items may then be used to assist in inventory control, such as by
comparing the item identification information received with a database (comprising item
identification information associated with tagged items desired to be identified and/or
tracked) to identify the presence or absence of tagged items in the inventory for various

purposes.
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[0004] As an example, in a library environment, articles such as books, journals, and
audio and/or visual products, may be arranged in sequence (in a particular order), such as
based on their classifications (e.g., types of article and/or genre) and bibliographic
information (e.g., author and/or title of the article). In this regard, an item identification
information, such as a call number or book index, may be generated for each article based
on such classifications and bibliographic information, and assigned thereto. Therefore, an
article may be uniquely identified by the item identification information. Accordingly,
articles in a library may be arranged in sequence based on the articles’ associated item
identification information, and are typically located on bookshelves arranged at various
locations in the library. Each bookshelf typically has multiple rows of shelves (e.g.,
multiple tiers of shelves or compartments) on which articles may be placed. Furthermore,
articles desired to be identified or detected in the library may each have a RFID tag
associated thereto (e.g., attached thereto or inserted therein), whereby each RFID tag has
stored therein the item identification information of the associated article. In this regard,
the RFID-tagged articles (or simply referred to herein as “tagged articles”) arranged in a
sequence on a bookshelf and may be readily scanned by a RFID reader.

[0005] For example, the presence of one or more of tagged articles in the library may
be detected by scanning the tagged articles in the library to obtain the item identification
information of the tagged articles that have been scanned and looking up the database for
a match. In this manner, one or more tagged articles that are missing from the library may
also be identified by comparing the item identification information of the tagged articles
obtained from the scan with the item identification information stored in the database.
[0006] Therefore, conventional inventory control techniques utilizing RFID
technology may be able to detect the presence or absence of particular tagged items in an
environment, such as articles in a library. However, various environments may require
the items be arranged in sequence (e.g., in a particular or predetermined order), such as to
facilitate in locating the items. However, such conventional techniques utilizing RFID
technology generally have not been found to be able to, or at least not efficiently able to,
detect items that are misplaced within the environment, such as an item, although present
in the environment, is positioned out of sequence or not conforming with a particular or

predetermined order imposed in the environment. As an example, articles in a library are
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arranged in sequence on shelves, but such conventional techniques generally are not able
to, or at least not efficiently able to, detect, for example, whether any of the articles
arranged in a row on a shelf is misplaced within the row. This leads to various problems,
such as not being able to locate misplaced articles, which may then be presumed to be
lost until discovered at a later stage, such as during a manual full inventory check. The
need to perform frequent manual full inventory checks may also be undesirable since
they are time consuming, tedious, and expensive to perform (e.g., due to labour cost), as
well as being prone to human errors.

[0007] A need therefore exists to provide a method of inventory control and an
inventory system that seeks to overcome, or at least ameliorate, one or more of the
deficiencies of conventional inventory control methods and systems, such as to enable
misplaced items in an environment to be determined or detected in an efficient manner. It

18 against this background that the present invention has been developed.

SUMMARY

[0008] According to a first aspect of the present invention, there is provided a method
of inventory control for an inventory comprising items sequentially arranged on one or
more structures, each of the items having a radio frequency tag associated thereto, the
radio frequency tag having stored therein an identifier for identifying the item associated
thereto, the method comprising:

obtaining data in relation to a plurality of items arranged in a row on a structure,
the data comprising a plurality of sets of identifiers detected from interrogating the radio
frequency tags of the plurality of items at a plurality of instances along the row, each set
of identifiers being detected at a respective instance of the plurality of instances along the
row;

determining a sequence of detected items in the row based on the data obtained,
the sequence comprising estimated relative positions of the detected items in the row; and

determining whether an item of the detected items in the row is misplaced based
on the estimated relative position of the item in the row and a reference relative position

of the item in the row.
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[0009] In various embodiments, said determining a sequence of detected items
comprises, for each of the detected items in the row, estimating relative position of the
item in the row based on each of one or more instances of the plurality of instances along
the row in which the identifier of the item has been detected to produce the estimated
relative position of the item in the row.
[0010] In various embodiments, the plurality of instances along the row is associated
with a series of increasing or decreasing numbers, respectively, and the relative position
of the item in the row is estimated based on each of one or more numbers associated with
the respective one or more instances of the plurality of instances along the row in which
the identifier of the item has been detected.
[0011] In various embodiments, the relative position of the item in the row is
estimated based on an average of the one or more numbers associated with the respective
one or more instances of the plurality of instances along the row in which the identifier of
the item has been detected.
[0012] In various embodiments, said determining whether an item of the detected
items in the row is misplaced comprises:

determining a difference between the estimated relative position of the item in the
row and the reference relative position of the item in the row; and

determining whether the item is misplaced based on whether the difference is
more than a predetermined threshold.
[0013] In various embodiments, the method further comprises:

obtaining one or more additional data in relation to respective one or more
pluralities of items arranged in respective one or more additional rows on the structure,
each additional data comprising a plurality of sets of identifiers detected from
interrogating the radio frequency tags of the plurality of items at a plurality of instances
along the respective additional row, each set of identifiers being detected at a respective
instance of the plurality of instances along the respective additional row; and

determining, for each identifier detected in the data associated with the row,
whether the item corresponding to the identifier belongs to the row based on the data and
the one or more additional data obtained, wherein the items determined to belong to the

row constitute the detected items in the row.
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[0014] In various embodiments, said determining, for each identifier detected in the
data associated with the row, whether the item corresponding to the identifier belongs to
the row is based on the respective number of times the identifier has been detected in the
data associated with the row and the one or more additional data associated with the one
or more additional rows.
[0015] In various embodiments, said determining, for each identifier detected in the
data associated with the row, whether the item corresponding to the identifier belongs to
the row comprises:

determining a presence indicator with respect to the item for each of a plurality of
rows comprising the row and the one or more additional rows, respectively, the presence
indicator providing a measure of a presence of the item in the respective row; and

determining whether the item corresponding to the identifier belongs to the row
based on a comparison of the presence indicators determined for the plurality of rows.
[0016] In various embodiments, the plurality of instances along each of the plurality
of rows is associated with a series of increasing or decreasing numbers, respectively, and
said determining a presence indicator with respect to the item for each of a plurality of
rows comprises determining the presence indicator with respect to the item for a row of
the plurality of rows based on a plurality of deviation values, each deviation value being
determined based on a difference between a respective one of the numbers associated
with instances of the plurality of instances along the row in which the identifier has been
detected and an average of said numbers.
[0017] In various embodiments, the row and the one or more additional rows
correspond to shelves of a structure, respectively, at different tiers thereof, and the one or
more additional rows are located adjacent the row.
[0018] According to a second aspect of the present invention, there is provided an
inventory control system for an inventory comprising items sequentially arranged on one
or more structures, each of the items having a radio frequency tag associated thereto, the
radio frequency tag having stored therein an identifier for identifying the item associated
thereto, the system comprising:

a memory; and

at least one processor coupled to the memory and configured to:
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obtain data in relation to a plurality of items arranged in a row on a
structure, the data comprising a plurality of sets of identifiers detected from
interrogating the radio frequency tags of the plurality of items at a plurality of
instances along the row, each set of identifiers being detected at a respective
instance of the plurality of instances along the row;
determine a sequence of detected items in the row based on the data
obtained, the sequence comprising estimated relative positions of the detected
items in the row; and
determine whether an item of the detected items in the row is misplaced
based on the estimated relative position of the item in the row and a reference
relative position of the item in the row.
[0019] In various embodiments, said determine a sequence of detected items
comprises, for each of the detected items in the row, estimating relative position of the
item in the row based on each of one or more instances of the plurality of instances along
the row in which the identifier of the item has been detected to produce the estimated
relative position of the item in the row.
[0020] In various embodiments, the plurality of instances along the row is associated
with a series of increasing or decreasing numbers, respectively, and the relative position
of the item in the row is estimated based on each of one or more numbers associated with
the respective one or more instances of the plurality of instances along the row in which
the identifier of the item has been detected.
[0021] In various embodiments, the relative position of the item in the row is
estimated based on an average of the one or more numbers associated with the respective
one or more instances of the plurality of instances along the row in which the identifier of
the item has been detected.
[0022] In various embodiments, said determine whether an item of the detected items
in the row is misplaced comprises:

determining a difference between the estimated relative position of the item in the
row and the reference relative position of the item in the row; and

determining whether the item is misplaced based on whether the difference is

more than a predetermined threshold.
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[0023] In various embodiments, the at least one processor coupled to the memory is
further configured to:

obtain one or more additional data in relation to respective one or more pluralities
of items arranged in respective one or more additional rows on the structure, each
additional data comprising a plurality of sets of identifiers detected from interrogating the
radio frequency tags of the plurality of items at a plurality of instances along the
respective additional row, each set of identifiers being detected at a respective instance of
the plurality of instances along the respective additional row; and

determine, for each identifier detected in the data associated with the row,
whether the item corresponding to the identifier belongs to the row based on the data and
the one or more additional data obtained, wherein the items determined to belong to the
row constitute the detected items in the row.
[0024] In various embodiments, whether the item corresponding to the identifier
belongs to the row is determined based on the respective number of times the identifier
has been detected in the data associated with the row and the one or more additional data
associated with the one or more additional rows.
[0025] In various embodiments, said determine, for each identifier detected in the
data associated with the row, whether the item corresponding to the identifier belongs to
the row comprises:

determining a presence indicator with respect to for the item for each of a
plurality of rows comprising the row and the one or more additional rows, respectively,
the presence indicator providing a measure of a presence of the item in the respective
row; and

determining whether the item corresponding to the identifier belongs to the row
based on a comparison of the presence indicators determined for the plurality of rows.
[0026] In various embodiments, the plurality of instances along each of the plurality
of rows is associated with a series of increasing or decreasing numbers, respectively, and
said determine a presence indicator with respect to the item for each of a plurality of rows
comprises determining the presence indicator with respect to the item for a row of the
plurality of rows based on a plurality of deviation values, each deviation value being

determined based on a difference between a respective one of the numbers associated
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with instances of the plurality of instances along the row in which the identifier has been
detected and an average of said numbers.
[0027] According to a third aspect of the present invention, there is provided a
computer program product, embodied in one or more non-transitory computer-readable
storage mediums, comprising instructions executable by at least one processor to perform
the method of inventory control for an inventory comprising items sequentially arranged
on one or more structures, each of the items having a radio frequency tag associated
thereto, the radio frequency tag having stored therein an identifier for identifying the item
associated thereto, the method comprising:

obtaining data in relation to a plurality of items arranged in a row on a structure,
the data comprising a plurality of sets of identifiers detected from interrogating the radio
frequency tags of the plurality of items at a plurality of instances along the row, each set
of identifiers being detected at a respective instance of the plurality of instances along the
row;

determining a sequence of detected items in the row based on the data obtained,
the sequence comprising estimated relative positions of the detected items in the row; and

determining whether an item of the detected items in the row is misplaced based
on the estimated relative position of the item in the row and a reference relative position

of the item in the row.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Embodiments of the present invention will be better understood and
readily apparent to one of ordinary skill in the art from the following written
description, by way of example only, and in conjunction with the drawings, in which:

FIG. | depicts a schematic flow diagram of a method of inventory control
according to various embodiments of the present invention;

FIG. 2 depicts a schematic drawing of an inventory control system according to
various embodiments of the present invention;

FIG. 3 depicts a schematic drawing of an exemplary computer system;

FIG. 4 depicts a schematic drawing of a mobile robotic scanning system including

an inventory control system according to various embodiments of the present invention;
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FIG. 5 depicts an image of a section of a library environment showing a shelving
structure having multiple rows of shelves, and a typical arrangement of tagged articles on
the shelves;

FIG. 6 depicts a schematic flow diagram illustrating a scanning method according
to various example embodiments of the present invention by controlling operations of a
mobile scanner;

FIG. 7 depicts a schematic flow diagram of a method of inventory control
according to various example embodiments of the present invention for an inventory
comprising articles (e.g., books) sequentially arranged on one or more structures;

FIG. 8 depicts an exemplary output by a RFID reader from scanning of a single
row (e.g., single tier) according to various example embodiments of the present
invention;

FIG. 9 depicts the instances at which the identifier corresponding to a particular
article appears in the two scans along the first and second rows (e.g., upper and lower
tiers, such as, by a first RFID reader (Antenna 1) and a second RFID reader (Antenna 2)),
respectively;

FIG. 10 depicts a schematic drawing illustrating an exemplary row detection
technique according to various example embodiments of the present invention; and

FIG. 11 depicts an exemplary representation of an output of the single row
sequencing technique according to various example embodiments of the present
invention where an article is determined to be missing and an article is determined to be

misplaced

DETAILED DESCRIPTION
[0029] Various embodiments of the present invention provide a method of inventory
control and an inventory control system for an inventory comprising items sequentially
arranged on one or more structures. By way of examples only and without limitation, the
inventory may be in relation to any types of environments as applicable or as appropriate,
as long as items are generally required or desired to be arranged in sequence (e.g., in a
particular or predetermined order), such as but not limited to, a library, a warehouse, or a

retail store. The structures may also be any structures known in the art configured to or



10

15

20

25

30

WO 2019/045641 PCT/SG2017/050430

10

capable of holding or storing items thereon. For example and without limitation, the
structures may be any shelving structures as appropriate, such as but not limited to,
bookshelves in a library, and retail shelves or racks in a retail store. Each shelving
structure (shelf) may have multiple rows of shelves (e.g., multiple tiers of shelves or
compartments) on which items may be placed.

[0030] It will be appreciated by a person skilled in the art that the inventory may
comprise any items as appropriate or applicable for the type of environment, and the
items may include various types of items. By way of examples only and without
limitation, in a library environment, the inventory may include various types of articles,
such as books, journals, and audio and/or visual products, and in a grocery retail
environment, the inventory may include various types of items of goods.

[0031] In various embodiments, radio frequency identification (RFID) technology is
utilized or implemented. In particular, each item desired to be detected and/or tracked has
a radio frequency tag (RFID tag or may be simply referred to as “tag” herein) associated
thereto (e.g., attached thereto or inserted therein), which may herein be referred to as a
“tagged item”. In this regard, the tag has electronically stored therein an identifier (item
identification information) for identifying the item associated thereto. In this regard, an
identifier may be generated for and assigned to each item desired to be identified and/or
tracked, such as a sequence of numbers or digits. The identifier may also be encoded into
a code, such as a barcode or a QR code.

[0032] For example and without limitation, in a library environment, the identifier for
an article may be generated based on the article’s classification (e.g., types of article
and/or genre) and bibliographic information (e.g., author, title, publisher, place of
publication, and/or date of publication of the article), such as a call number or book
index. Therefore, the identifier for an article may be a unique identifier for uniquely
identifying the article amongst articles in an inventory desired to be detected and/or
tracked. Therefore, to detect the tagged items, a RFID reader (which may also be referred
to as RFID scanner or antenna herein) may scan through the tagged items (at a distance
from the tagged items within the detection range of the RFID reader) to send a radio
frequency (RF) signal to interrogate the tagged items. Each RFID tag that receives the RF

signal would then respond with a response signal, including the identifier of the tagged
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item, to the RFID reader. The tagged items arranged on one or more structures may thus
be identified or detected based on the identifiers received from the scanning process.
[0033] Accordingly, the presence or absence of particular tagged items in an
environment may be determined or detected based on the identifiers obtained in the
response signals from the tagged items scanned in the environment. For example, the
identifiers obtained may be compared with a database of identifiers of tagged articles
desired to be detected or tracked in the environment.

[0034] As mentioned in the background, various environments may require the items
be arranged in sequence (e.g., in a particular or predetermined order), such as to facilitate
in locating the items. In this regard, various embodiments of the present invention
advantageously provide a method of inventory control for an inventory comprising items
sequentially arranged on one or more structures, and more particularly, capable of
determining whether one or more tagged items are misplaced, such as being out of
sequence or not conforming with a particular or predetermined order imposed in the
environment. Accordingly, in various embodiments, not only is the presence or absence
of tagged items in an environment able to be determined based on RFID technology,
misplaced tagged items are also advantageously able to be determined based on RFID
technology. Various embodiments of the present invention thus advantageously reduce or
eliminate the need to perform manual full inventory checks (e.g., physically or manually
checking each item in the inventory to determine whether any items are missing and/or
misplaced), resulting in significant savings in inventory upkeep time and costs, as well as
an improvement in detection accuracy. For example, manual full inventory checks by
humans may be prone to errors since such a task is time consuming and tedious, and thus
it may not be uncommon for humans to fail to notice that one or more items that are
missing and/or are out of sequence. Accordingly, various embodiments of the present
invention advantageously facilitate and improve the upkeep of inventory comprising
sequentially arranged items in various environments, such as improved or more efficient
identification of missing and/or misplaced items so that appropriate alerts may be issued
to resolve the identified problem promptly.

[0035] FIG. 1 depicts a schematic flow diagram of a method 100 of inventory control

according to various embodiments of the present invention for an inventory comprising
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items sequentially arranged on one or more structures, each of the items having a radio
frequency tag associated thereto, the radio frequency tag having stored therein an
identifier for identifying the item associated thereto. The method 100 includes a step 102
of obtaining data in relation to a plurality of items arranged in a row on a structure, the
data comprising a plurality of sets of identifiers detected from interrogating the radio
frequency tags of the plurality of items at a plurality of instances along the row, each set
of identifiers being detected at a respective instance of the plurality of instances along the
row, a step 104 of determining a sequence of detected items in the row based on the data
obtained, the sequence comprising estimated relative positions of the detected items in
the row, and a step 106 of determining whether an item of the detected items in the row is
misplaced based on the estimated relative position of the item in the row and a reference
relative position of the item in the row. In various embodiments, the reference relative
position of the item in a row may be a predetermined relative position obtained from a
database of identifiers corresponding to tagged items, and their associated predetermined
relative position in their respective row.

[0036] Accordingly, various embodiments of the present invention determines
whether an item is misplaced amongst a plurality of items arranged in a row (e.g., out of
sequence or not in accordance with a particular or predetermined order that the items are
supposed to be arranged in, such as imposed by the environment) based on data obtained
in relation to the plurality of items arranged in the row. In particular, the data comprises a
plurality of sets of identifiers detected from interrogating the radio frequency tags of the
plurality of items at a plurality of instances along the row. More specifically, the plurality
of items are interrogated (by a radio frequency reader) at a plurality of instances along the
row, and at each of the plurality of instances, a set of identifiers are detected, and the
above-mentioned data comprises such multiple sets of identifiers detected at the plurality
of instances, respectively, along the row.

[0037] In various embodiments, the plurality of instances may be at regular intervals
(or distance apart) from one point in the row (e.g., a first end or edge, such as the left end
if the scanning motion is performed from the left end) to another point in the row (e.g., a
second end or edge, such as the right end). In various embodiments, the intervals may be

determined based on the detection range of the RFID reader used in the scanning process.
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As can be understood by a person skilled in the art, the detection range of the RFID
reader depends on the output power at which it is designed to transmit the interrogating
signal (RF signal). For example, a RFID reader configured with higher power has a larger
detection range, and thus may be able to detect a larger number of tagged items at each
instance. On the other hand, a RFID reader configured with lower power has a lower
detection range, and thus may only be able to detect a smaller number of tagged items at
each instance. Furthermore, in practice, regulations typically impose a maximum limit
that a RFID reader may be designed to output power (maximum output power limit) in
order to prevent exposure to undesirably high level of radiation associated with the RF
signal emitted by the RFID reader. In various embodiments, the regular interval may be
configured to provide a certain or predetermined amount of overlap between the detection
ranges of two consecutive scans (or adjacent scans) along a row. In various embodiments,
the regular interval (or distance apart) may be configured based on the detection range of
the RFID reader, for example, such that the interval is about the same as a radius of the
detection range. In various embodiments, the regular interval may be configured to
perform scanning along the row as frequently as possible, for example, in order to
provide as much overlap between every two adjacent scans. For example, doing so
maximizes the amount of data obtained in relation to the plurality of items arranged in the
row for subsequent processing, which improves performance as a result.

[0038] Furthermore, various embodiments of the present invention determine a
sequence of the detected items in the row (items detected or determined to be in the row,
such as based on the row detection technique as will be described in further detail later
according to example embodiments of the present invention) based on the above-
mentioned data obtained. For example, a single row sequencing technique may be
provided to determine the sequence of the detected items in the row as will be described
in further detail later according to example embodiments of the present invention. In
other words, based on the above-mentioned data obtained, a sequence or an order of the
detected items in the row is determined. In particular, the sequence is derived by
determining the relative positions (e.g., relative order or relative sequence, such as
represented by numbers) of the detected items in the row, and then ordered based on their

relative positions determined (e.g., in ascending order) to produce the sequence of
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detected items. With the sequence of detected items in the row determined from the
above-mentioned data, whether any of the detected items in the row is misplaced may
then be determined based on (e.g., by comparing) the estimated relative position of the
item in the row and a reference (e.g., predetermined or expected) relative position of the
item in the row. For example, the reference relative position of the item may be obtained
from a database having stored therein identifiers of all tagged items desired to be detected
and/or tracked and their associated predetermined or expected relative position in the
respective row.

[0039] Accordingly, in various embodiments, the database does not store the absolute
predetermined locations of the tagged items, but instead stores the reference relative
positions of the tagged items in the respective row (e.g., with respect to each row or with
respect to each structure (e.g., shelving structure) comprising multiple row on which
tagged items are arranged). As a non-limiting example for illustration purpose only, for a
particular row or structure, the reference relative positions of the tagged items stored in
the database may be “1” for a first book, “2” for a second book, “3” for a third book, 4
for a fourth book, and so on. Therefore, the estimated relative position for an item in a
row or structure (e.g., “2.3” for the second book) may be compared with the reference
relative position of the item stored in the database so as to determine whether the book is
in misplaced. For example, if the estimated relative position of “2.3” for the second book
is within a predetermined threshold from the reference relative position of “2” for the
second book, the second book may then be determined to be in the correct place or order
(i.e., not misplaced).

[0040] In various embodiments, the database may be prepared based on identifiers
(the item identification information) of the tagged items and a predetermined function or
formula to produce the reference relative positions of the tagged items based on the
identifiers of the tagged items. As a non-limiting example for illustration purpose only, in
libraries, the identifier may be a call number or book index, which may be alphanumeric,
such as but not limited to, AAA.000 to ZZZ.999. The identifier may be generated for
each tagged item based on classifications (e.g., types of article and/or genre) and
bibliographic information (e.g., author and/or title of the article) to produce a sequence of
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associated with the shelving structure may be predetermined (e.g., known in advance). As
a non-limiting example for illustration purpose only, a first shelving structure may be
associated with identifiers ranging from AAA.000 to BBB.999, and a second shelving
structure may be associated with identifiers ranging from CCC.000 to DDD.999, and so
on. For example, the reference relative positions of the tagged items with respect to the
first shelving structure may then be determined based on the sequence of identifiers of
such tagged items on the first shelving structure. For example, the reference relative
positions of the tagged items may be a series of increasing numbers corresponding to the
sequence of identifiers (e.g., “1” for the first identifier in the sequence, “2” for the second
identifier in the sequence, and so on). The reference relative positions of the tagged items
with respect to other shelving structures may also be determined in a correspondingly
manner. Similarly, in various embodiments, the reference relative positions of the tagged
items with respect to a particular row in the first shelving structure may be determined
based on the identifiers of such tagged items on the particular row of the first shelving
structure.

[0041] As non-limiting examples for illustration purpose only, the reference relative
positions of the tagged items on a shelving structure may be determined based on (1)
prior knowledge of the sequence or range of identifiers of the tagged items on the
shelving structure, or (2) by detecting identifiers of the first and last articles on the
shelving structure and determining the sequence or range of the identifiers of the tagged
items on the shelving structure based on the detected identifiers of the first and last
articles. The former approach may be more accurate but data associated with the prior
knowledge stored in a computer has to be updated if the locations of the items have been
changed. The latter approach may be more efficient since the sequence or range of
identifiers associated with a shelving structure may be determined when needed, and it is
not necessary to update the above-mentioned data associated with the prior knowledge
when changes are made to the locations of the items..

[0042] As mentioned hereinbefore, the shelving structure typically has multiple rows
of shelves (e.g., multiple tiers of shelves or compartments) on which items may be
placed. In various embodiments, for such a shelving structure, the sequence of identifiers
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or concatenated into one row or one sequence. For example, in the case of the shelving
structure having five rows of shelves, and the sequences of identifiers respectively
associated the five rows of shelves may be joined from the first row to the fifth row in
order. Accordingly, various data processing with respect to a shelving structure in
embodiments of the present invention may be performed with respect to data (e.g.,
sequence of reference relative positions of the items associated with the shelving
structure) associated with the shelving structure expressed as one combined row without
loss of generality.

[0043] Accordingly, various embodiments of the present invention advantageously
determine whether any item(s) of the detected items in the row has been misplaced based
on the relative position of the item in the row determined, for example, rather than the
absolute position of the item with respect to a fixed reference point in space. Such a
technique has been found to facilitate the detection of misplaced item(s) in an efficient
and accurate manner.

[0044] In various embodiments, the step 104 of determining a sequence of detected
items comprises, for each of the detected items in the row, estimating relative position of
the item in the row based on each of one or more instances of the plurality of instances
along the row in which the identifier of the item has been detected to produce the
estimated relative position of the item in the row. In other words, the identifier of the item
may have been detected in a number of instances of the RFID reader interrogating the
tagged items along the row, and the relative position of such an item in the row is
estimated based on all of such instances in which the identifier of the item has been
detected.

[0045] In various embodiments, the plurality of instances along the row is associated
(e.g., assigned or represented) with a series of increasing or decreasing numbers,
respectively. In other words, each instance along the row is associated with a
corresponding number, and the series of numbers associated with the plurality of
instances in time order may be increasing or decreasing as appropriate. As various
embodiments of the present invention determine and utilize the relative positions of the
items in the row (e.g., instead of absolute locations with respect to a reference point), any

series of numbers may be used as long as they are increasing or decreasing, and
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preferably the series of numbers increment or decrement at a constant interval or rate. As
an example and without limitation, the series of numbers may simply be 1, 2, 3,4, 5, and
so on for the first instance, the second instance, the third instance, the fourth instance, the
fifth instance, and so on, respectively. The series of numbers may each also represent
time information, such as the time at the respective instance or a time duration from (or
elapsed time since) the commencement of scanning along the a row (e.g., since the first
instance). The relative position of the item is then estimated based on each of one or more
numbers associated with the respective one or more instances of the plurality of instances
along the row in which the identifier of the item has been detected. In other words, the
relative position of the item is estimated based on all the numbers respectively associated
with all the instances along the row in which the identifier corresponding to the item has
been detected.

[0046] In various embodiments, the relative position of the item in the row is
estimated based on an average of the one or more numbers associated with the respective
one or more instances of the plurality of instances along the row in which the identifier of
the item has been detected. In other words, the relative position of the item is estimated
based on an average of all the numbers respectively associated with all the instances
along the row in which the identifier corresponding to the item has been detected. For
example and without limitation, following on from the above example, if the item is
detected in the first to fourth instances, the relative position may be estimated to be 2.5
(i.e., average of the numbers 1, 2, 3, and 4).

[0047] In various embodiments, the above-mentioned step 106 of determining
whether an item of the detected items in the row is misplaced comprises determining a
difference between the estimated relative position of the item in the row and the reference
relative position of the item in the row, and determining whether the item is misplaced
based on whether the difference is more than a predetermined threshold. In this regard,
the item may be determined to be misplaced if the difference is more than the
predetermined threshold. For example and without limitation, the predetermined
threshold may be set empirically based on various factors such as user preference, a given
set of operating conditions, for example, transmission power of the RFID reader(s),

moving speed of the RFID reader, and so on. In practice, the identifiers are detected
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based on a wireless system and there are randomness arising from different factors, such
as types/quality of tags, speed of RFID reader(s) moving while scanning, power of the
RFID reader(s), and so on. Accordingly, in various embodiments, the predetermined
threshold may be determined based on a trade-off between false alarm probability (e.g.,
likelihood of an item being detected as being mis-sequenced even though the item is not)
and wrong detection probability (e.g., likelihood of an item being detected as being in the
correct sequence even though is the item is mis-sequenced). The predetermined threshold
may also be configured by taking into account that setting a low threshold leads to less
books being detected as mis-sequenced, meaning low false-alarm and high wrong-
detection probabilities, and on the other hand, setting a high threshold leads to more
books being detected as mis-sequenced, meaning high false-alarm and low wrong
detection probabilities.

[0048] In various embodiments, the method 100 further comprises obtaining one or
more additional data in relation to respective one or more pluralities of items arranged in
respective one or more additional rows on the structure, each additional data comprising a
plurality of sets of identifiers detected from interrogating the radio frequency tags of the
plurality of items at a plurality of instances along the respective additional row, each set
of identifiers being detected at a respective instance of the plurality of instances along the
respective additional row. In other words, one or more additional data may be obtained,
each additional data being in relation to a plurality of items arranged in a respective
additional row on the structure. Furthermore, the plurality of items are interrogated (by a
radio frequency reader) at a plurality of instances along the respective additional row, and
at each of the plurality of instances, a set of identifiers are detected, and the additional
data comprises such multiple sets of identifiers detected at the plurality of instances,
respectively, along the respective additional row.

[0049] In various embodiments, the above-mentioned row and the above-mentioned
one or more additional rows correspond to shelves of a structure, respectively, at different
tiers thereof. Furthermore, the one or more additional rows are located adjacent
(immediately adjacent) the row. For example, a shelving structure may have multiple
rows of shelves (e.g., multiple tiers of shelves or compartments) on which items may be

placed. In this regard, in various embodiments, determining, for each identifier detected
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in the data associated with the row, whether the item corresponding to the identifier
belongs to the row based on the data and the one or more additional data obtained. In this
regard, the items determined to belong to the row constitute the above-mentioned
detected items in the row. Accordingly, various embodiments of the present invention
advantageously determine whether the tagged item corresponding to an identifier
detected when scanning at instances along a row actually belongs to that row.

[0050] For example, when a RFID reader traverses in a direction along a row to
interrogate the tagged items along the row, identifiers of the tagged items in the row will
be obtained, as well as the possibility of receiving identifiers of tagged items in adjacent
rows (e.g., rows of tagged items immediately above and below the current row being
scanned) depending on the detection range of the RFID reader. Therefore, an identifier
received when scanning at instances along a particular row may not necessarily mean that
the item corresponding to the identifier actually belongs to that particular row, and may
instead be from an adjacent or nearby row. Various embodiments of the present invention
advantageously addresses, or at least mitigates, such a problem by determining whether
the items corresponding to identifiers detected when scanning at instances along a row
actually belongs to that row based on the above-mentioned data associated with that row
and the above-mentioned one or more additional data associated with the one or more
additional rows. In various example embodiments, a row detection technique is provided
to determine whether the items corresponding to identifiers detected when scanning at
instances along a row actually belongs to that row and will be described in further detail
later according to example embodiments of the present invention.

[0051] In various embodiments, the above-mentioned step of determining, for each
identifier detected in the data associated with the row, whether the item corresponding to
the identifier belongs to the row is based on the respective number of times (frequency)
the identifier has been detected in the data associated with the row and the one or more
additional data associated with the one or more additional rows. In other words, for a
particular identifier, the number of times a particular identifier has been detected from
scanning at instances along a particular row is compared with the number of times the
particular identifier has been detected from scanning at instances along an additional row

(e.g., adjacent row), for one or more additional rows. For example, the row in which the
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identifier has been detected the most number of times (i.e., highest count) amongst the
rows being compared (candidate rows) may then be determined to be the row which the
item corresponding to the identifier belongs to.

[0052] In various embodiments, the above-mentioned step of determining, for each
identifier detected in the data associated with the row, whether the item corresponding to
the identifier belongs to the row comprises determining a presence indicator with respect
to the item for each of a plurality of rows comprising the row and the one or more
additional rows, respectively, the presence indicator providing a measure of a presence of
the item in the respective row, and determining whether the item corresponding to the
identifier belongs to the row based on a comparison of the presence indicators determined
for the plurality of rows (candidate rows). For example and without limitation, the
presence indicator with respect to an item for a row may be expressed as a numerical
value.

[0053] In various embodiments, the plurality of instances along each of the plurality
of rows 18 associated with a series of increasing or decreasing numbers, respectively. That
is, for each of the plurality of rows, the plurality of instances along the row is associated
with a series of increasing or decreasing numbers, such as in the same manner as
described hereinbefore. The above-mentioned step of determining a presence indicator
with respect to the item for each of a plurality of rows comprises determining the
presence indicator with respect to the item for a row (e.g., a row in which the identifier
corresponding to the item has been detected multiple times) of the plurality of rows based
on a plurality of deviation values. Each deviation value may be determined based on a
difference between a respective one of the numbers associated with the instances of the
plurality of instances along the row in which the identifier has been detected and an
average of the above-mentioned numbers. Accordingly, various embodiments of the
present invention advantageously determine a plurality of deviation values, one for each
instance along the row in which the identifier has been detected, so as to take into
account or obtain a measure of a spread of the instances along the row in which the
identifier has been detected. In this regard, a wider spread of instances in which an
identifier is detected along a row may increase the possibility that the item corresponding

to the identifier belongs to the row. Accordingly, in such embodiments, to improve the
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accuracy of the measure of the presence of the item in a row, the presence indicator for
the row takes into account not only the number of times an identifier has been detected in
the row, but also the spread of the instances in which the identifier has been detected in
the row.

[0054] FIG. 2 depicts a schematic drawing of an inventory control system 200
according to various embodiments of the present invention for an inventory comprising
items sequentially arranged on one or more structures, each of the items having a radio
frequency tag associated thereto, the radio frequency tag having stored therein an
identifier for identifying the item associated thereto. The system 200 comprises a
memory 202, and at least one processor 204 coupled to the memory 202 and configured
to: obtain data in relation to a plurality of items arranged in a row on a structure, the data
comprising a plurality of sets of identifiers detected from interrogating the radio
frequency tags of the plurality of items at a plurality of instances along the row, each set
of identifiers being detected at a respective instance of the plurality of instances along the
row; determine a sequence of detected items in the row based on the data received, the
sequence comprising estimated relative positions of the detected items in the row; and
determine whether an item of the detected items in the row is misplaced based on the
estimated relative position of the item in the row and a reference relative position of the
item.

[0055] It will be appreciated by a person skilled in the art that the at least one
processor 204 may be configured to perform the required functions or operations through
set(s) of instructions (e.g., software modules) executable by the at least one processor 204
to perform the required functions or operations. Accordingly, as shown in FIG. 2, the
system 200 may further comprise a data module or circuit 212 configured to obtain data
in relation to a plurality of items arranged in a row on a structure, the data comprising a
plurality of sets of identifiers detected from interrogating the radio frequency tags of the
plurality of items at a plurality of instances along the row, each set of identifiers being
detected at a respective instance of the plurality of instances along the row; an item
sequencing module or circuit (or item sequencer) 214 configured to determine a sequence
of detected items in the row based on the data received, the sequence comprising

estimated relative positions of the detected items in the row; and a misplacement
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detection module or circuit (or misplacement detector) 216 configured to determine
whether an item of the detected items in the row is misplaced based on the estimated
relative position of the item and a reference (e.g., expected) relative position of the item.
Accordingly, the at least one processor 204 may be configured to be capable of executing
computer-executable instructions (e.g., the data module 212, the item sequencing module
214, and/or the misplacement detection module 216) to perform one or more the required
or desired functions, and the memory (computer-readable storage medium) 202 may be
communicatively coupled to the at least one processor 204 and may have stored therein
one or more sets of computer-executable instructions (e.g., the data module 212, the item
sequencing module 214, and/or the misplacement detection module 216).

[0056] In various embodiments, the system 200 corresponds to the method 100 as
described hereinbefore with reference to FIG. 1, therefore, various functions or
operations configured to be performed by the least one processor 204 may correspond to
various steps of the method 100 described in hereinbefore, and thus need not be repeated
with respect to the system 200 for clarity and conciseness.

[0057] A computing system, a controller, a microcontroller or any other system
providing a processing capability may be presented according to various embodiments in
the present disclosure. Such a system may be taken to include one or more processors and
one or more computer-readable storage mediums. For example, the system 200 described
hereinbefore may be a device or a system including a processor (or controller) 204 and a
computer-readable storage medium (or memory) 202 which are for example used in
various processing carried out therein as described herein. A memory or computer-
readable storage medium used in various embodiments may be a volatile memory, for
example a DRAM (Dynamic Random Access Memory) or a non-volatile memory, for
example a PROM (Programmable Read Only Memory), an EPROM (Erasable PROM),
EEPROM (Electrically Erasable PROM), or a flash memory, e.g., a floating gate
memory, a charge trapping memory, an MRAM (Magnetoresistive Random Access
Memory) or a PCRAM (Phase Change Random Access Memory).

[0058] In various embodiments, a “circuit” may be understood as any kind of a logic
implementing entity, which may be special purpose circuitry or a processor executing

software stored in a memory, firmware, or any combination thereof. Thus, in an
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embodiment, a “circuit” may be a hard-wired logic circuit or a programmable logic
circuit such as a programmable processor, e.g., a microprocessor (e.g., a Complex
Instruction Set Computer (CISC) processor or a Reduced Instruction Set Computer
(RISC) processor). A “circuit” may also be a processor executing software, e.g., any
kind of computer program, e.g., a computer program using a virtual machine code, e.g.,
Java. Any other kind of implementation of the respective functions which will be
described in more detail below may also be understood as a “circuit” in accordance with
various alternative embodiments. Similarly, a “module” may be a portion of a system
according to various embodiments in the present invention and may encompass a
“circuit” as above, or may be understood to be any kind of a logic-implementing entity
therefrom.

[0059] Some portions of the present disclosure are explicitly or implicitly presented
in terms of algorithms and functional or symbolic representations of operations on data
within a computer memory. These algorithmic descriptions and functional or symbolic
representations are the means used by those skilled in the data processing arts to convey
most effectively the substance of their work to others skilled in the art. An algorithm is
here, and generally, conceived to be a self-consistent sequence of steps leading to a
desired result. The steps are those requiring physical manipulations of physical quantities,
such as electrical, magnetic or optical signals capable of being stored, transferred,
combined, compared, and otherwise manipulated.

[0060] Unless specifically stated otherwise, and as apparent from the following, it
will be appreciated that throughout the present specification, discussions utilizing terms
such as “obtaining”, “determining”, “computing”, “comparing” or the like, refer to the
actions and processes of a computer system, or similar electronic device, that manipulates
and transforms data represented as physical quantities within the computer system into
other data similarly represented as physical quantities within the computer system or
other information storage, transmission or display devices.

[0061] The present specification also discloses a system or an apparatus for
performing the operations/functions of the methods described herein. Such a system or
apparatus may be specially constructed for the required purposes, or may comprise a

general purpose computer or other device selectively activated or reconfigured by a
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computer program stored in the computer. The algorithms presented herein are not
inherently related to any particular computer or other apparatus. Various general-purpose
machines may be used with computer programs in accordance with the teachings herein.
Alternatively, the construction of more specialized apparatus to perform the required
method steps may be appropriate.

[0062] In addition, the present specification also at least implicitly discloses a
computer program or software/functional module, in that it would be apparent to the
person skilled in the art that the individual steps of the methods described herein may be
put into effect by computer code. The computer program is not intended to be limited to
any particular programming language and implementation thereof. It will be appreciated
that a variety of programming languages and coding thereof may be used to implement
the teachings of the disclosure contained herein. Moreover, the computer program is not
intended to be limited to any particular control flow. There are many other variants of the
computer program, which can use different control flows without departing from the
spirit or scope of the invention. It will be appreciated by a person skilled in the art that
various modules described herein (e.g., the data module 212, the item sequencing
module 214, and/or the misplacement detection module 216) may be software module(s)
realized by computer program(s) or set(s) of instructions executable by a computer
processor to perform the required functions, or may be hardware module(s) being
functional hardware unit(s) designed to perform the required functions. It will also be
appreciated that a combination of hardware and software modules may be implemented.
[0063] Furthermore, one or more of the steps of a computer program/module or
method described herein may be performed in parallel rather than sequentially. Such a
computer program may be stored on any computer readable medium. The computer
readable medium may include storage devices such as magnetic or optical disks, memory
chips, or other storage devices suitable for interfacing with a general purpose computer.
The computer program when loaded and executed on such a general-purpose computer
effectively results in an apparatus that implements the steps of the methods described
herein.

[0064] In various embodiments, there is provided a computer program product,

embodied in one or more computer-readable storage mediums (non-transitory computer-
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readable storage medium), comprising instructions (e.g., the data module 212, the item
sequencing module 214, and/or the misplacement detection module 216) executable by
one or more computer processors to perform a method 100 of inventory control as
described hereinbefore with reference to FIG. 1 and/or other method(s) described herein.
Accordingly, various computer programs or modules described herein may be stored in a
computer program product receivable by a system (e.g., a computer system or an
electronic device) therein, such as the system 200 shown in FIG. 2, for execution by at
least one processor of the system to perform the required or desired functions.

[0065] The software or functional modules described herein may also be
implemented as hardware modules. More particularly, in the hardware sense, a module is
a functional hardware unit designed for use with other components or modules. For
example, a module may be implemented using discrete electronic components, or it can
form a portion of an entire electronic circuit such as an Application Specific Integrated
Circuit (ASIC). Numerous other possibilities exist. Those skilled in the art will appreciate
that the software or functional module(s) described herein can also be implemented as a
combination of hardware and software modules.

[0066] The methods or functional modules of the various embodiments as
described herein may be implemented in the system 200, which may be realized by a
computer system (e.g., portable or desktop computer system), such as a computer
system 300 as schematically shown in FIG. 3 as an example only and without
limitation. The method or functional module may be implemented as software, such
as a computer program being executed within the computer system 300, and
instructing the computer system 300 (in particular, one or more processors therein) to
conduct the methods/functions of various embodiments described herein. The
computer system 300 may comprise a computer module 302, input modules such as a
keyboard 304 and mouse 306 and a plurality of output devices such as a display 308,
and a printer 310. The computer module 302 may be connected to a computer
network 312 via a suitable transceiver device 314, to enable access to e.g. the Internet
or other network systems such as Local Area Network (LAN) or Wide Area Network
(WAN). The computer module 302 in the example may include a processor 318 for

executing various instructions, a Random Access Memory (RAM) 320 and a Read
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Only Memory (ROM) 322. The computer module 302 may also include a number of
Input/Output (I/O) interfaces, for example 1/O interface 324 to the display 308, and
I/0 interface 326 to the keyboard 304. The components of the computer module 302
typically communicate via an interconnected bus 328 and in a manner known to the
person skilled in the relevant art.

[0067] It will be appreciated by a person skilled in the art that the terminology used
herein is for the purpose of describing various embodiments only and is not intended to
be limiting of the present invention. As used herein, the singular forms "a", "an" and
"the" are intended to include the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms "comprises" and/or "comprising,"
when used in this specification, specify the presence of stated features, integers, steps,
operations, elements, and/or components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations, elements, components, and/or
groups thereof.

[0068] In various embodiments, the inventory control system 200 is implemented in a
mobile robotic scanning system that is configured or programmed to move to
predetermined locations in an environment to scan tagged items sequentially arranged on
a number of structures in the environment, such as all the structures in the environment
having tagged items arranged thereon. FIG. 4 depicts a schematic drawing of a mobile
robotic scanning system (or simply referred to as a mobile scanner) 400 comprising an
inventory control system 200 according to various embodiments of the present invention
as described hereinbefore with reference to FIG. 2, a mobile base 402 configured to be
movable (e.g., via wheels mounted thereon) in various directions to arrive at
predetermined locations to scan tagged items, and an adjustable structure (e.g., adjustable
arm) 404 arranged on or affixed to the mobile base 402 and configured to be adjustable in
one or more directions (e.g., in the three dimensional space, including along the x-axis, y-
axis, and/or z-axis) so as to move a RFID reader 406 attached thereto in such one or more
directions for scanning the tagged items. It will be appreciated that the mobile base 402
movable in various directions includes the mobile base 402 being rotatable or orientatable

about its vertical axis.
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[0069] In various embodiments, the inventory control system 200 may further
comprise a controller 408 configured to control the movement of the mobile base 402 to
move to various desired or predetermined locations and to control the movement of the
adjustable structure 404 to move the RFID reader 406 to various desired or
predetermined positions for scanning the tagged items. For example, the controller 408
may control the mobile base 402 to move to a particular location along a shelving
structure and may further control the adjustable structure 404 to move the RFID reader
406 to a desired height to position the RFID reader 406 to face a particular shelf having
tagged items arranged in a row thereon desired to be scanned. For example, to scan the
row of tagged items, the controller 408 may then control the mobile base 402 to traverse
in a direction along the shelf, such as from one end (e.g., left end) to another end (e.g.,
right end) of the shelf.

[0070] In order that the present invention may be readily understood and put into
practical effect, various example embodiments of the present invention will be described
hereinafter by way of examples only and not limitations. It will be appreciated by a
person skilled in the art that the present invention may, however, be embodied in various
different forms or configurations and should not be construed as limited to the example
embodiments set forth hereinafter. Rather, these example embodiments are provided so
that this disclosure will be thorough and complete, and will fully convey the scope of the
present invention to those skilled in the art.

[0071] In particular, for better understanding of the present invention and without
limitation or loss of generality, various example embodiments of the present invention
will now be described with respect to the items being articles, such as but not limited to
books, journals, and audio and/or visual products, and the environment being a library.
However, as mentioned hereinbefore, it will be appreciated by a person skilled in the art
that the present invention is not limited to a library environment, and various other types
of environments are also within the scope of the present invention, as long as items are
generally required or desired to be arranged in sequence (e.g., in a particular or

predetermined order), such as but not limited to, a warehouse or a retail store.
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[0072] FIG. 5 depicts an image of a section of a library environment showing a
shelving structure 502 having multiple rows (or tiers) of shelves 504, and a typical
arrangement of tagged articles 506 on the shelves 504.

[0073] In various example embodiments, a method and a system for detecting the
presence and/or misplacement of one or more tagged articles are provided, and in
particular, a method and a system for detecting the presence and/or misplacement of
tagged articles among tagged articles arranged in sequence (each tagged article being
associated with a RFID tag). As shown in FIG. 5, as an example, the tagged article may
be a book, and the books are arranged in sequence and physically located on one or more
shelving structures 502 in a library, each having multiple rows (or tiers) of shelves 504.
[0074] The tagged articles sequentially arranged on a shelf 504 may be readily
scanned either by a hand held RFID reader or a RFID reader mounted on a robotic
platform, such as the mobile scanner 400 described hereinbefore with reference to FIG. 4.
As described hereinbefore, in various embodiments, one or more additional data in
relation to respective one or more pluralities of items arranged in respective one or more
additional rows on a structure may be obtained. In this regard, multiple RFID readers,
one for each row desired to be scanned simultaneously, may be mounted on the mobile
scanner to scan multiple rows of the shelving structure 502 simultaneously. In various
other example embodiments, a user with a handheld RFID reader may scan each row of
the shelving structure 502 in an appropriate manner. For example, each row may be
scanned from a left to right direction (forward direction), or from a right to left direction
(reverse direction).

[0075] When a row is being scanned, the RFID reader may be configured to transmit
a RF signal periodically to query articles within a detection range. All tagged articles
within the detection range of the RFID reader are configured to respond to the RFID
reader with a response signal, including their respective identifier. After the scanning
process for a shelving structure is completed, data in relation to articles arranged on
multiple rows of shelves (e.g., all rows) may be obtained. In particular, the data
comprises, for each row, a plurality of sets of identifiers detected from interrogating the
tags of the articles at a plurality of instances, respectively, along the row. That is, a set of

identifiers detected at each instance along the row.
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[0076] In various example embodiments, the scanning speed along a row may be
substantially constant or may be not constant (e.g., variable). In the case of the scanning
speed being variable, timing information associated with the identifiers (or time series of
detected identifiers) may be obtained when detecting the identifiers. In this regard, the
timing information may be used to improve the performance. For example, consider that
the detection is performed at two speeds, a low speed of 0.1m/s, and a high speed of
0.2m/s. As a result, more data will be collected during the time period of low speeds, and
may lead to a bias of the obtained results. In this case, the obtained results may be padded
or interpolated to achieve a uniform spread of data. For example, the obtained results at
0.1m/s for each instance may be repeated once, so that the same number of scans is
obtained with respect to the scanning speed at 0.2m/s.

[0077] Based on the above-mentioned data obtained, various example embodiments
determine the actual row location (e.g., tier location) of the articles detected and the
relative sequence (relative positions) of the articles in each row from the sets of
identifiers detected or the time series of detected identifiers.

[0078] For example, in operation, the RFID reader at a first position along a row
scans and receives a burst of detected identifiers (set or list of detected identifiers)
corresponding to tagged articles. Subsequently, the RFID reader at a second position
along the row scans and receives another burst of detected identifiers (another set or list
of detected identifiers) corresponding to tagged articles. Similarly, further bursts of
detected identifiers (further sets or lists of detected identifiers) are obtained for
subsequent positions, respectively, along the row. As a result, a plurality of sets or lists of
identifiers (or time series of identifiers) is produced or generated for the row.

[0079] For example, the RFID reader may be subjected to traverse along a direction
(e.g., parallel to the shelf) from the first position for scanning the articles iteratively (e.g.,
at multiple instances regularly spaced apart). As a result, a burst of detected identifiers is
received at each instance of scanning along the row to produce multiple sets of detected
identifiers (time series of detected identifiers) corresponding to the tags of the articles
scanned.

[0080] In various example embodiments, the scanning operation may be performed

autonomously by a mobile scanner (e.g., the mobile scanner 400 as described
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hereinbefore with reference to FIG. 4) comprising a number of hardware components,
including a mobile base, one or more readers or sensors for scanning the books, such as
RFID reader antennas and/or cameras, a movable (adjustable) structure (e.g., a robotic
arm) that is capable of moving the reader(s) in a number of directions, such as up or
down to position the reader(s) at a desired row (or tier) of the shelving structure for
scanning, or towards or away from the shelf.

[0081] FIG. 6 depicts a schematic flow diagram illustrating a scanning method 600
according to various example embodiments of the present invention by controlling
operations of a mobile scanner (e.g., the mobile scanner 400 as shown in FIG. 4). At step
602, the mobile scanner may be controlled to navigate to a shelf to be scanned and to
move the RFID reader(s) mounted thereon to an initial desired row (e.g., tier height) for
scanning the tagged articles in that row (or tier), such as based on instructions stored in a
memory and executable by a processor in the inventory control system to perform the
controlling functions. For example, the mobile scanner may be controlled to navigate
based on a predetermined path in which the mobile scanner is configured to follow. In
various example embodiments, the mobile scanner’s navigation may also be assisted by
various location tags installed at various predetermined locations for the mobile scanner
to navigate to, such as by the mobile scanner sensing various location tags installed.
[0082] At step 604, the RFID reader(s) may be controlled to scan one or more rows
of the shelving structure concurrently. As an example, two RFID readers may be
mounted on the mobile scanner and may be spaced apart by a distance based on or
corresponding to the height of the shelf. The two RFID readers may thus be controlled to
concurrently scan along two rows (adjacent rows) respectively, by controlling the mobile
base to move in a direction parallel to the shelving structure, e.g., from one end of the
row to another end of the row. The scanning motion may be along the shelf where the
articles are placed, for example, the scanning may be performed from the left edge or end
to the right or end edge of the shelf, or vice versa. It will be appreciated that more than
two RFID readers may also be mounted on the mobile scanner for scanning more than
two rows of articles concurrently.

[0083] At step 606, the data obtained from scanning the one or more rows may then

be checked to determine whether the data is satisfactory. For example, whether the data is
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satisfactory may be determined based on whether error(s) exists in the output of the RFID
reader(s) (data obtained) from the scanning, such as due to various possible issues (e.g.,
hardware issue) with the RFID reader(s) or undesirable external disturbances affecting
the scanning process. If the data is satisfactory, the method may then proceed to the next
step 608, otherwise, the one or more RFID readers are controlled to re-scan the one or
more rows.

[0084] At 608, the RFID reader(s) may then be controlled to move to a subsequent
row (or rows in the case of multiple RFID readers) desired to be scanned, such as by
controlling the adjustable structure having the RFID reader(s) mounted thereon to move
up or down. The RFID reader(s) may then be controlled to scan the one or more rows
concurrently as described hereinbefore at step 604. In various example embodiments, the
mobile scanner may be configured to scan the rows of articles on a shelving structure at
any row order as desired without deviating from the scope of the present invention, such
as but not limited to, from the lowest or bottom row to the highest or top row, or vice
versa.

[0085] Steps 604, 606, and 608 may then repeat in a loop, moving from a row or
rows to subsequent row or rows for scanning until all the rows of the current shelving
structure having tagged articles arranged thereon have been scanned.

[0086] At step 610, it is determined whether all rows (e.g., tiers) of the current
shelving structure having tagged articles arranged thereon have been scanned, and if so,
the mobile scanner may be controlled to move to a new shelving structure (e.g., a next
shelving structure as predetermined) to be scanned, and steps 602, 604, 606, and 608 as
described above are repeated to scan the tagged articles on the new shelving structure.
When the scanning of all shelving structures (e.g., all of the shelving structures desired to
be scanned) have been completed, the data obtained from the scanning process may then
be processed at step 612 (e.g., by the inventory control method 100 as described
hereinbefore and further described below according to example embodiments) to
determine whether any tagged articles are missing and/or misplaced.

[0087] In various example embodiments, the operations of the mobile scanner, such

as the movement of the mobile scanner and the movement of the RFID reader(s) to scan
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the shelving structures, may optimized based on predetermined criteria, such as to
minimize the time required to scan the tagged articles in the entire library.

[0088] With the above-mentioned data obtained from the scanning process, a method
of inventory control is provided according to various example embodiments that seeks to
produce a sequence of tagged articles detected. That is, the relative positions of the
tagged articles detected with respect to one another are of interest, rather than the
absolute positions of the tagged articles detected with respect to one or more fixed
reference points in space.

[0089] In various example embodiments, the method of inventory control is
configured to determine which row (e.g., tier) the tagged articles are at or belong to based
on the data obtained from the scanning process, and then for each row, determine the
relative positions of the tagged articles detected on that row (that is, sequencing the
tagged articles detected). Therefore, it can be appreciated by a person skilled in the art
that the method of inventory control according to various example embodiments is
different from conventional localization techniques, which may be based on the absolute
positions of the tagged articles with respect of one or more fixed reference points in
space.

[0090] In various example embodiments, binary information is used to represent
whether a tag is detected or not from the scanning process, that is, a binary information is
used to indicate each tag’s presence, such as binary “1” for a particular tag to indicate the
presence of that particular tag, and binary “0” for a particular tag to indicate the absence
of that particular tag. The wireless signal strength is typically not available in a
commercial HF RFID reader, and hence binary information can be used. On the other
hand, in a commercial UHF RFID system where the wireless signal strength is also
available, the wireless signal strength is additionally used to improve the performance of
the scanning process according to various example embodiments of the present invention.
[0091] FIG. 7 depicts a schematic flow diagram of a method 700 of inventory control
according to various example embodiments of the present invention for an inventory
comprising articles (e.g., books) sequentially arranged on one or more structures. Each
article has a tag (RFID tag) associated thereto, the tag having stored therein an identifier

for identifying the item associated thereto.
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[0092] As a first step 702, data from the above-mentioned scanning process is
obtained (e.g., RFID scan input) so as to be processed by the method 700 to determine
whether any tagged articles are missing and/or misplaced. As mentioned hereinbefore,
the data comprises multiple sets of identifiers detected from interrogating the tagged
articles at multiple instances, respectively, along each row of a shelving structure having
tagged articles arranged thereon, for each shelving structure desired to be scanned in the
environment. For example, the data obtained may comprise multiple set of identifiers
detected from a full scan of the relevant shelving structures in the environment, such as in
a library.

[0093] In step 704, missing articles may be detected from the data obtained in step
702. For example, missing articles may be identified and flagged by comparing the
identifiers detected in the data obtained with the identifiers stored in a database
comprising identifiers of articles desired to be identified and/or tracked. For example, the
identifiers that can be found in the database but cannot be found in the data obtained from
the scanning process may be determined to be missing. Indication of the missing articles
may then be presented in any suitable format, such as a list of their identifiers (e.g., call
numbers) and/or their bibliography information.

[0094] In various embodiments, sequencing the articles scanned (e.g., referred to as a
RFID sequencing technique) may be considered to comprise two main components,
namely, a first component being a row detection component (e.g., tier detection
component) 708 (e.g., corresponding to the step of determining, for each identifier in the
data associated with the row, whether the item corresponding to the identifier belongs to
the row), and a second component being a single row sequencing component (e.g., single
tier sequencing component) 712, 716 (e.g., corresponding to the step 104 described
hereinbefore). The row detection component 708 may be configured to determine which
row (e.g., tier) an article scanned is located at, and the single tier sequencing component
712, 716 may be configured to determine the relative positions of the articles (determined
by the row detection component 708 to be located at a particular row) within that
particular tier. The row detection component 708 may be implemented by a row detection

technique or algorithm, and the single row sequencing component may be implemented



10

15

20

25

30

WO 2019/045641 PCT/SG2017/050430

34

by a single row sequencing technique or algorithm (or single row RFID sequencing
technique or algorithm).

[0095] In various example embodiments, in relation to the row sequencing technique,
a data pre-processing method or technique in which the data obtained from the scanning
process is analyzed to determine the direction in which the scanning was performed to
obtain the data, such as whether the scanning was performed in a direction from left to
right (forward direction), or a direction from right to left (reverse direction) with respect
to each row (e.g., each tier or shelf).

[0096] For better understanding of the present invention and without limitation or
loss of generality, the inventory control method 700 will now be described with respect to
the data in relation to one scan of one or more rows of a shelving structure. It will be
appreciated to a person skilled in the art that additional rows of the shelving structure and
other shelving structures in the library may also be scanned in the same or similar manner
to obtain the corresponding data, and such data may also be processed in the same or
similar manner to determine a sequence of the detected articles on each row and
determine whether any of the articles in each row is missing and/or misplaced.

[0097] For each scan along a row (e.g., a tier or shelf), the RFID reader may be
configured to query or interrogate the tagged articles along the row a certain number of
times (plurality of instances). Let the total number of queries (e.g., a query may also be
referred to herein as a “run” or an “instance”) be denoted by M. During each query, a
number of tags on a particular tier and possibly tags on adjacent tiers may respond to the
query by the RFID reader. By way of an example, FIG. 8 shows an exemplary output by
a RFID reader from scanning of a single row (e.g., single tier). In the example shown in
FIG. 8, tags T, T2, T4, and Ts were detected in the first query or instance, tags 77, 1>, T3,
Ts, Ts, Ts, and To were detected in the second query or instance, and so on, and 7795 and
T19s were detected in the last query or instance. In this regard, 7; refers to the tag
associated with or corresponding to article i. In the example, for example, 73 was
detected in the second query but not in the first query, and 7, was detected in the first
query but not in the second query. This is to illustrate a certain degree with randomness
or uncertainty associated with the detection process. For example, the detection process

may depend on environment factors, such as interference in the environment, the signal
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propagation environment, and so on. For example, when multiple tags are present, a
collision avoidance method may be employed to increase the chance that only one tag
transmit in any one time slot. However, in some cases, two or more tags may transmit
concurrently leading to a collision, resulting in both tags not being detected by the RFID
reader.

[0098] In the case of a shelving structure having multiple rows such as multiple tiers,
articles belonging to different rows (e.g., adjacent rows) may respond to a RFID reader
during a scan. In this regard, various example embodiments of the present invention
address, or at least mitigate, this issue using the above-mentioned row detection
technique so as to determine or decide which a tier each particular article detected during
a scan actually belongs to.

[0099] For simplicity and clarity, the row detection technique will now be described
in relation to two rows (e.g., adjacent rows). However, it will be appreciated by a person
skilled in the art that the row detection technique is not limited to being applied to two
rows, and may also be applied to more than two rows as appropriate, such as three rows
(e.g., middle row and an adjacent row on either side of the middle row) or five rows (e.g.,
middle row and two adjacent rows on either side of the middle row).

[00100] In various example embodiments, to scan the two rows, two RFID readers
may be provided for scanning the two rows simultaneously, such as a first RFID reader
for scanning a first row of the two rows and a second RFID reader for scanning a second
row of the two rows. For example, in the case of the two rows being two tiers, the first
RFID reader may be provided for scanning an upper tier of the two tiers and the second
RFID reader may be provided for scanning a lower tier of the two tiers. In various other
example embodiments, only one RFID reader may be provided for scanning the two
rows, such as sequentially, whereby the RFID reader is configured to scan one of the two
rows and then move to scan the other one of the two rows.

[00101] The row detection technique is configured to then decide or determine
whether each article belongs to the first or second row of the two rows individually, such
as the upper or lower tier. In various example embodiments, the row detection technique
is only applied to articles whose tags have been detected in both scanning of the two

rows. Hence, for a particular article whose tag has been detected in both scanning of the
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two rows, let x; be the runs (which may be also referred to as queries or instances) in
which the tag was detected when scanning the first row (e.g., upper tier). Similarly, let z;
be the runs in which the tag was detected when scanning the second row (e.g., lower tier).
For example, x; and z; may be obtained in the data obtained from the scanning process by
checking at which run(s) the identifier of the article (denoted by T;) appears in.

[00102] In various example embodiments, for simplicity and clarity, the run order or
count (e.g., 1,2, ... , M) is considered when the RFID reader(s) is moved from a first end
(e.g., left end) to a second end (e.g., right end) of each row, such as, with the number “1”
being associated with the first scan at the first end and the number “M” (where “M”
denotes the last run count) being the last scan at the second end. However, it will be
appreciated that the plurality of instances of scanning along a row is not limited to being
represented by a run count, and may be represented by other forms as appropriate as long
as the numbers are increasing (or decreasing) to correspond to the plurality of instances
(sequence of instances) along the tier at which the scanning were performed, such as but
not limited to, timing information of each run or instance if available.

[00103] As mentioned above, for a particular article, x; and z; can be obtained in the
data obtained from the scanning process by checking where the identifier corresponding
to that particular article appears in the two scans along the first and second rows,
respectively. As a non-limiting example, FIG. 9 illustrates the runs or instances at which
the identifier corresponding to a particular article appears in the two scans along the first
and second rows (e.g., upper and lower tiers, such as, by a first RFID reader (Antenna 1)
and a second RFID reader (Antenna 2)), respectively. In particular, the identifier
corresponding to the particular article appeared in instances x; to x5 in relation to the first
row, and instances z; to z3 in relation to the second row.

[00104] In various example embodiments, determining whether the article
corresponding to an identifier detected when scanning a row belongs to the row includes
determining a presence indicator or metric with respect to the article for each of the
possible or candidate rows, respectively. In this regard, the presence indicator provides a
measure of a presence of the article in the respective row. The row amongst the candidate

rows which the article belongs to may then be determined by comparing the presence
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indicators respectively obtained for the candidate rows, such as the row where the
associated presence indicator determined has the largest value.

[00105] As an exemplary illustration, following on from the above-mentioned non-
limiting example shown in FIG. 9, for a particular article, the row amongst the two rows
which the article belongs to may be determined as follows.

[00106] Based on instances x; and z; as shown in FIG. 9 derived from the data
obtained, a first presence indicator or metric (A1) for the first row and a second metric

(A») for the second row, respectively, may be computed compute as follows.

n n
Al—Z|xl x|, f:le/n
i=1 i=1
(Equation 1)
m m
A2:Z|Zi—z_|, Z_:ZZi/m
i=1 i=1

(Equation 2)
[00107] In various example embodiments, the presence indicator (Ax) with respect to
an article i for a row k (e.g., tier k) may be set to a first predetermined number, such as
“0” if and only if there is only one instance in which the identifier corresponding to the
article { has been detected in that row k. Further, if the article i is not detected in row k,
then the presence indicator (Ax) for that row k& may be set to a second predetermined
number, such as any negative number.
[00108] In various embodiments, the presence indicator with respect to a particular
article for a row counts the number of times (frequency) in which an identifier
corresponding to the particular article is detected in the row (or more specifically, the
number of times minus one), weighted by differences in distance of each instance in
which the identifier is detected from a mean (average) of all the instances (x). Based on
this technique, the presence indicator with respect to an article for a row is larger when
the identifier corresponding to the article is detected more often and with a greater spread

in the row.
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[00109] The presence indicators obtained for the candidate rows may then be
compared to determine which row amongst the candidate rows the article belongs to. In
various example embodiments, the row amongst the candidate rows which the associated
presence indicator determined has the largest value may be determined to be the row to
which the article belongs to. As an example, following on from the above-mentioned
non-limiting example shown in FIG. 9 and assuming the two rows being two tiers, if A; >
As, decide or determine article i to be in the upper tier of the two candidate tiers.
Otherwise, decide or determine article i to be in the lower tier of the two candidate tiers.
In the unlikely event that A1 = Ao, for example, the article may arbitrarily or randomly be
determined to be in either the upper or lower tier of the two candidate tiers.

[00110] FIG. 10 depicts a schematic drawing illustrating the exemplary row detection
technique described above involving two adjacent tiers. Without wishing to be bound by
theory, but the likelihood of the RFID reader detecting or registering tag i during a scan
depends on the distance of the tag to the position of the reader at that particular scan. The
shorter the distance, the more likely the tag will be detected or registered by the RFID
reader. In this regard, various example embodiments of the present invention identified
that if a particular article is located at the upper tier of the two candidate tiers, the
identifier corresponding to that particular article should have more readings and a wider
spread since the distance from the article to the first RFID reader (Antenna 1) scanning
the upper tier is closer than the distance from the article to the second RFID reader
(Antenna 2) (or the first RFID reader when scanning along the lower tier).

[00111] Although the above-described presence indicators or metrics may be utilized
in the row detection technique according to various example embodiments of the present
invention, it will be appreciated by a person skilled in the art that different presence
indicators or metrics may also be used to provide a measure of a presence of the article in
a particular row, such as but not limited to, based on the number of instances in which the
identifier corresponding to the article has been detected in each candidate row.

[00112] The exemplary row detection technique involving two adjacent rows may be
generalized to more number of rows as follows. First, for a particular article i, the
presence indicator Ax is computed for each row k of the candidate rows separately. Then

the article i is determined to be on row ¢ if the corresponding A; is the largest amongst the
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presence indicators obtained for the candidate rows. For example, the row detection
technique may be performed for all tagged articles detected to determine or confirm the
row which each tagged article belongs to.

[00113] Although the row detection technique has been described with respect to two
adjacent tiers as an example, the row detection technique is also similarly applicable to
detect the row amongst multiple candidate rows in a depth direction of the shelving
structure (e.g., front and back rows, such as corresponding to front and back bays or
compartments) in which the article detected is located. In such a case, a presence
indicator A, is computed for each row (e.g., front and back rows), then whether the article
is in a particular row may be determined based on the presence indicators determined for
the candidate rows, such as by comparing the presence indicators determined in the same
or similar manner as described hereinbefore.

[00114] Referring back to FIG. 7, the single row sequencing technique 712, 716 (or
RFID sequencing for one row) is performed for each row after the row detection
technique has assigned the articles detected to their respective rows which they belong to.
The single row sequencing step may then be performed for each row. By way of an
example, let y; be the reference (e.g., predetermined or expected) relative position of
article i in a particular row as retrieved from the database. As mentioned hereinbefore, the
article may be arranged based on their identifier (e.g., call number) which may generated
based on the article’s bibliography information, such as the author’s names and/or the
article’s title. The single row sequencing technique seeks to locate articles that are
misplaced (mis-sequenced) in the row as compared to the reference relative position in
the row, subject to a predetermined position threshold.

[00115] As an example, let x;;be the runs (instances) in which the identifier of article i
was detected in the row under consideration and assuming that article i has been detected
in M; runs. In various example embodiments, the single row sequencing technique
includes a first step configured to estimate the relative position of the article based on the
runs (instances) along a row in which the identifier corresponding to the article has been
detected. In various example embodiments, the relative position of the article in the row
may be estimated based on an average of the numbers associated with the runs (instances)

along the row in which the identifier of the article has been detected. By way of a non-
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limiting example, according to various example embodiments, the relative position of the
article in the row may be estimated by minimizing the following mean square error

criteria:

M;

min " (xy; = £)?
xi

j=1
(Equation 3)

where X; denotes the estimated relative position of the article.

[00116] In an example, the solution to the above minimization may be determined by

averaging the numbers associated with the instances along the row in which the identifier

of the article has been detected as follows:

M;

X = Z xij/M;

j=1

(Equation 4)
[00117] Once the relative position (X4, X5, -+ Xy) for each article detected (assuming
articles 1 to N are detected, that is, determined to belong to a particular row) have been
determined, the relative positions of each article detected in the row may then be sorted in
a particular or predetermined order. For example, the articles may be sorted in an
ascending order based on their corresponding values of the estimated relative positions
X1, %Xy, 0 Xy
[00118] In various embodiments, the estimated relative position X; of an article i may
be expressed in or converted into an integer representing the relative order or sequence of
the article. y;. For example, the first article in the row may be represented by an integer
“17, the second article in the row may be represented by an integer “2”, and so on. As an
illustrative example and without limitation, X%; = 1.5, ¥, = 1.8, ¥3 = 2.2 may be
converted to ¥,= 1, ¥,=2, ¥3=3
[00119] In various example embodiments, it is noted that in relation to the data
obtained from the RFID reader(s), the direction in which the RFID reader(s) traverses to
scan each row may be unknown, such as whether the scanning motion for a particular
row was performed in a forward direction or sequence (e.g., from a left end to a right end

of the row), or a reverse direction or sequence (e.g., from a right end to a left end of the
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row). Accordingly, before determining any misplaced article(s) in a particular row, the
data obtained from the RFID reader(s) may be analyzed to determine the direction in
which the scanning motion along a row was performed. Therefore, in various example
embodiments, before comparing the estimated relative positions of the detected articles in
a particular row with the corresponding reference relative positions of the detected
articles stored in a database, a scanning direction determining technique is provided to
determine the direction of the scanning motion to obtain the data for that particular row.

[00120] In various example embodiments, the scanning direction determining
technique for a particular row may be performed based on a window size (W), such as but

not limited to, the following two equations:

w N
F=Yli-9l+ ) -9l
i=1 i=N-W+1
(Equation 5)
w N
B=Dlyi—Iwemal+ ) Iyi— Fuissl
i=1 i=N-W-+1
(Equation 6)

where N denotes the total number of articles detected, y; denotes the reference relative
position of an article i in the database, and J; denotes the estimated relative position of
an article i. In various embodiments, both y; and J; are positive integers. For example,
using a larger N may be more accurate but requires higher computation. It will be
appreciated by a person skilled in the art that the window size (W) may be set based on
various factors. For example and without limitation, a heuristics rule may be employed to
set W based on a percentage of N, such as but not limited to 5% to 50%, 10% to 40%, or
10% to 20%. For example, the maximum value of W may be N/2 (assuming N is even), in
which case all articles are used for calculating F and B.

[00121] Based on Equations 5 and 6, if F < B, the data obtained from the scanning
process for the particular row is considered to be in a forward direction or sequence (or
normal sequence). Otherwise, the data is considered to be in a reverse direction or
sequence. In such a case, for example, the following mapping: y; = yy—_;+1 may be

applied to the database for the reference relative positions for that particular row to
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address the mismatch in the direction between the sequence order of the estimated
relative positions determined and the sequence order of the corresponding reference
relative positions stored in the database.
[00122] In a subsequent step of the single row sequencing technique, to determine or
detect any misplaced articles in a particular row, a predetermined threshold such as a
tolerance level fol may be defined. In various example embodiments, determining
whether a detected article in a row is misplaced may include determining a difference
between the estimated relative position of the article in the row and the corresponding
reference (e.g., predetermined or expected) relative position (retrieved from the database)
of the article in the row, and determining that the item is misplaced if the difference is
more than the predetermined threshold. As a non-limiting example, an article may be
determined to be misplaced in a row if the difference between the estimated relative
position of the article in the row and the corresponding reference relative position of the
article in the row in the database is above the predetermined threshold, that is, if the
following equation is satisfied:
ly: — ¥:1 > tol
(Equation 7)

[00123] In various example embodiments, the reference (e.g., expected or correct)
sequence of articles for a row may be known in advance, and the reference sequence
(relative positions y;) of articles corresponding to such a row may thus be extracted from
the database accordingly for comparison with the estimated sequence (relative positions
V;) of articles detected in the row to determine whether any article of the detected articles
in the row is misplaced. In various other example embodiments, the reference sequence
of articles may not be known in advance. In such a case, for example, for the articles that
have been detected in a row, sequencing is performed for such articles to produce a
reference sequence of articles for the row. For example, the sequencing may be
performed based on a predetermined rule such as by ordering the detected articles based
on their identifiers (e.g., in increasing order of their call numbers).

[00124] FIG. 11 depicts an exemplary representation 1100 of an output of the single

row sequencing technique according to various example embodiments of the present
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invention where an article 1102 is determined to be missing and an article 1104 is
determined to be misplaced. In FIG. 11, the x-axis refers to the estimated position of
each detected article ;. For example, as shown in FIG. 11, an article detected to be
misplaced may be plotted differently (e.g., as a taller bar) to assist visual identification.
[00125] In an experiment conducted using the inventory control method according to
various example embodiments of the present invention and involving a test run of 196
books. The inventory control method was found to be able to localize or identify
misplaced books with about 5% error or less. The inventory control method was also able
to detect missing books with a confidence level of 99% or more. In various example
embodiments, the accuracy and detection probability may be improved by reducing the
speed of the scanning motion of the RFID reader, reducing the distance between the
RFID reader(s) and the articles during scanning, and/or increasing the power of the RFID
reader(s).

[00126] While embodiments of the invention have been particularly shown and
described with reference to specific embodiments, it should be understood by those
skilled in the art that various changes in form and detail may be made therein without
departing from the spirit and scope of the invention as defined by the appended claims.
The scope of the invention is thus indicated by the appended claims and all changes
which come within the meaning and range of equivalency of the claims are therefore

intended to be embraced.
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CLAIMS

What is claimed is:

10

15

20

25

30

A method of inventory control for an inventory comprising items sequentially
arranged on one or more structures, each of the items having a radio frequency tag
associated thereto, the radio frequency tag having stored therein an identifier for
identifying the item associated thereto, the method comprising:

obtaining data in relation to a plurality of items arranged in a row on a
structure, the data comprising a plurality of sets of identifiers detected from
interrogating the radio frequency tags of the plurality of items at a plurality of
instances along the row, each set of identifiers being detected at a respective
instance of the plurality of instances along the row;

determining a sequence of detected items in the row based on the data
obtained, the sequence comprising estimated relative positions of the detected
items in the row; and

determining whether an item of the detected items in the row is misplaced
based on the estimated relative position of the item in the row and a reference

relative position of the item in the row.

The method according to claim 1, wherein said determining a sequence of
detected items comprises, for each of the detected items in the row, estimating
relative position of the item in the row based on each of one or more instances of
the plurality of instances along the row in which the identifier of the item has

been detected to produce the estimated relative position of the item in the row.

The method according to claim 2, wherein the plurality of instances along the row
is associated with a series of increasing or decreasing numbers, respectively, and
the relative position of the item in the row is estimated based on each of one or

more numbers associated with the respective one or more instances of the
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plurality of instances along the row in which the identifier of the item has been

detected.

The method according to claim 3, wherein the relative position of the item in the
row is estimated based on an average of the one or more numbers associated with
the respective one or more instances of the plurality of instances along the row in

which the identifier of the item has been detected.

The method according to claim 1, wherein said determining whether an item of
the detected items in the row is misplaced comprises:
determining a difference between the estimated relative position of the
item in the row and the reference relative position of the item in the row; and
determining whether the item is misplaced based on whether the

difference is more than a predetermined threshold.

The method according to claim 1, further comprising:

obtaining one or more additional data in relation to respective one or more
pluralities of items arranged in respective one or more additional rows on the
structure, each additional data comprising a plurality of sets of identifiers detected
from interrogating the radio frequency tags of the plurality of items at a plurality
of instances along the respective additional row, each set of identifiers being
detected at a respective instance of the plurality of instances along the respective
additional row; and

determining, for each identifier detected in the data associated with the
row, whether the item corresponding to the identifier belongs to the row based on
the data and the one or more additional data obtained, wherein the items

determined to belong to the row constitute the detected items in the row.

The method according to claim 6, wherein said determining, for each identifier
detected in the data associated with the row, whether the item corresponding to

the identifier belongs to the row is based on the respective number of times the
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identifier has been detected in the data associated with the row and the one or

more additional data associated with the one or more additional rows.

The method according to claim 7, wherein said determining, for each identifier
detected in the data associated with the row, whether the item corresponding to
the identifier belongs to the row comprises:

determining a presence indicator with respect to the item for each of a
plurality of rows comprising the row and the one or more additional rows,
respectively, the presence indicator providing a measure of a presence of the item
in the respective row; and

determining whether the item corresponding to the identifier belongs to
the row based on a comparison of the presence indicators determined for the

plurality of rows.

The method according to claim 8, wherein the plurality of instances along each of
the plurality of rows is associated with a series of increasing or decreasing
numbers, respectively, and

said determining a presence indicator with respect to the item for each of a
plurality of rows comprises determining the presence indicator with respect to the
item for a row of the plurality of rows based on a plurality of deviation values,
each deviation value being determined based on a difference between a respective
one of the numbers associated with instances of the plurality of instances along

the row in which the identifier has been detected and an average of said numbers.

The method according to claim 6, wherein the row and the one or more additional
rows correspond to shelves of a structure, respectively, at different tiers thereof,

and the one or more additional rows are located adjacent the row.

An inventory control system for an inventory comprising items sequentially

arranged on one or more structures, each of the items having a radio frequency tag
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associated thereto, the radio frequency tag having stored therein an identifier for
identifying the item associated thereto, the system comprising:
a memory; and
at least one processor coupled to the memory and configured to:
obtain data in relation to a plurality of items arranged in a row on a
structure, the data comprising a plurality of sets of identifiers detected from
interrogating the radio frequency tags of the plurality of items at a plurality of
instances along the row, each set of identifiers being detected at a respective
instance of the plurality of instances along the row;
determine a sequence of detected items in the row based on the
data obtained, the sequence comprising estimated relative positions of the
detected items in the row; and
determine whether an item of the detected items in the row is
misplaced based on the estimated relative position of the item in the row and a

reference relative position of the item in the row.

The inventory control system according to claim 11, wherein said determine a
sequence of detected items comprises, for each of the detected items in the row,
estimating relative position of the item in the row based on each of one or more
instances of the plurality of instances along the row in which the identifier of the
item has been detected to produce the estimated relative position of the item in the

Trow.

The inventory control system according to claim 12, wherein the plurality of
instances along the row is associated with a series of increasing or decreasing
numbers, respectively, and the relative position of the item in the row is estimated
based on each of one or more numbers associated with the respective one or more
instances of the plurality of instances along the row in which the identifier of the

item has been detected.
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The inventory control system according to claim 13, wherein the relative position
of the item in the row is estimated based on an average of the one or more
numbers associated with the respective one or more instances of the plurality of

instances along the row in which the identifier of the item has been detected.

The inventory control system according to claim 11, wherein said determine

whether an item of the detected items in the row is misplaced comprises:
determining a difference between the estimated relative position of the

item in the row and the reference relative position of the item in the row; and
determining whether the item is misplaced based on whether the

difference is more than a predetermined threshold.

The inventory control system according to claim 11, wherein the at least one
processor coupled to the memory is further configured to:

obtain one or more additional data in relation to respective one or more
pluralities of items arranged in respective one or more additional rows on the
structure, each additional data comprising a plurality of sets of identifiers detected
from interrogating the radio frequency tags of the plurality of items at a plurality
of instances along the respective additional row, each set of identifiers being
detected at a respective instance of the plurality of instances along the respective
additional row; and

determine, for each identifier detected in the data associated with the row,
whether the item corresponding to the identifier belongs to the row based on the
data and the one or more additional data obtained, wherein the items determined

to belong to the row constitute the detected items in the row.

The inventory control system according to claim 16, wherein whether the item
corresponding to the identifier belongs to the row is determined based on the
respective number of times the identifier has been detected in the data associated
with the row and the one or more additional data associated with the one or more

additional rows.
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The inventory control system according to claim 17, wherein said determine, for
each identifier detected in the data associated with the row, whether the item
corresponding to the identifier belongs to the row comprises:

determining a presence indicator with respect to for the item for each of a
plurality of rows comprising the row and the one or more additional rows,
respectively, the presence indicator providing a measure of a presence of the item
in the respective row; and

determining whether the item corresponding to the identifier belongs to
the row based on a comparison of the presence indicators determined for the

plurality of rows.

The inventory control system according to claim 18, wherein the plurality of
instances along each of the plurality of rows is associated with a series of
increasing or decreasing numbers, respectively, and

said determine a presence indicator with respect to the item for each of a
plurality of rows comprises determining the presence indicator with respect to the
item for a row of the plurality of rows based on a plurality of deviation values,
each deviation value being determined based on a difference between a respective
one of the numbers associated with instances of the plurality of instances along

the row in which the identifier has been detected and an average of said numbers.

A computer program product, embodied in one or more non-transitory computer-
readable storage mediums, comprising instructions executable by at least one
processor to perform the method of inventory control for an inventory comprising
items sequentially arranged on one or more structures, each of the items having a
radio frequency tag associated thereto, the radio frequency tag having stored
therein an identifier for identifying the item associated thereto, the method
comprising:

obtaining data in relation to a plurality of items arranged in a row on a

structure, the data comprising a plurality of sets of identifiers detected from
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interrogating the radio frequency tags of the plurality of items at a plurality of
instances along the row, each set of identifiers being detected at a respective
instance of the plurality of instances along the row;

determining a sequence of detected items in the row based on the data
obtained, the sequence comprising estimated relative positions of the detected
items in the row; and

determining whether an item of the detected items in the row is misplaced
based on the estimated relative position of the item in the row and a reference

relative position of the item in the row.
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