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FIG. 1

chassis having a locomotive assembly; an effector assembly having a first
end coupled to the chassis and a second end movable relative to the chas-
sis; a label modification unit at the second end of the effector assembly,
the label modification unit including an image sensor; and a controller
coupled to the locomotive assembly, the effector assembly and the label
modification unit, the controller configured to: obtain label modification
data defining a location of a low powered display relative to a reference
feature on a support structure for modifying content displayed by the dis-
play; control the locomotive assembly to travel to the support structure;
detect the reference feature via image data captured at the image sensor;
control the effector assembly to place the label modification unit at the
location; and control the effector assembly and the label modification unit
to modify the content.
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METHOD AND APPARATUS FOR LABELING OF SUPPORT STRUCTURES

BACKGROUND

[0001] Environments in which inventories of objects are managed, such as products for
purchase in a retail environment, may be complex and fluid. A retail facility may
contain a wide variety of products disposed on support structures such as shelves, which
bear labels containing product information such as prices, barcodes and the like. The
modification of products within the facility, the selection of products on the shelves,
and the formatting of the labels, may all change over time, requiring previous labels to
be replaced with new labels. The modification of labels is typically performed
manually, in a time-consuming and error-prone process. Similar issues may be present
in other environments in which inventoried objects are managed, such as in warehouse

environments.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0002] The accompanying figures, where like reference numerals refer to identical or
functionally similar elements throughout the separate views, together with the detailed
description below, are incorporated in and form part of the specification, and serve to
further illustrate embodiments of concepts that include the claimed invention, and

explain various principles and advantages of those embodiments.
[0003] FIG. 1 is a schematic of a mobile automation system.
[0004] FIG. 2A depicts a mobile automation apparatus in the system of FIG. 1.

[0005] FIG. 2B is a block diagram of certain internal components of the mobile

automation apparatus in the system of FIG. 1.

[0006] FIG. 3A is a side view of an example label modification unit of the mobile

automation apparatus in the system of FIG. 1.

[0007] FIG. 3B is a side view of another example label modification unit of the mobile

automation apparatus in the system of FIG. 1.

[0008] FIG. 4 is a flowchart of a method for updating low powered displays on support

structures.
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[0009] FIG. 5 is a diagram illustrating a support structure bearing low powered displays
for modification through the method of FIG. 4.

[0010] FIGS. 6A and 6B are diagrams illustrating detection of support structure

reference features during performance of the method of FIG. 4.

[0011] FIG. 6C is a diagram illustrating example images captured during the detection
process illustrated in FIGS. 6A and 6B.

[0012] FIG. 7 is a flowchart of a method for low powered display modification.

[0013] FIGS. 8A-8C are diagrams illustrating low powered display detection at block
705 of the method of FIG. 7.

[0014] FIG. 9 is a diagram illustrating transmission of power and content data to

multiple low powered displays during the performance of the method of FIG. 7.

[0015] Skilled artisans will appreciate that elements in the figures are illustrated for
simplicity and clarity and have not necessarily been drawn to scale. For example, the
dimensions of some of the elements in the figures may be exaggerated relative to other

elements to help to improve understanding of embodiments of the present invention.

[0016] The apparatus and method components have been represented where
appropriate by conventional symbols in the drawings, showing only those specific
details that are pertinent to understanding the embodiments of the present invention so
as not to obscure the disclosure with details that will be readily apparent to those of

ordinary skill in the art having the benefit of the description herein.

DETAILED DESCRIPTION

[0017] Examples disclosed herein are directed to an apparatus for labeling support
structures. The apparatus includes a chassis having a locomotive assembly; an effector
assembly having a first end coupled to the chassis and a second end movable relative
to the chassis; a label modification unit at the second end of the effector assembly, the
label modification unit including an image sensor; and a controller coupled to the
locomotive assembly, the effector assembly and the label modification unit. The
controller is configured to obtain label modification data defining a location relative to
a reference feature on a support structure for a label modification operation; control the

locomotive assembly to travel to the support structure; detect the reference feature via
2
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image data captured at the image sensor; control the effector assembly to place the label
modification unit at the location relative to the reference feature; and control the
effector assembly and the label modification unit to perform the label modification

operation.

[0018] Additional examples disclosed herein are directed to a method of modifying low
powered displays on support structures, comprising: at a controller of an apparatus:
obtaining label modification data defining a location of a low powered display relative
to a reference feature on a support structure for modifying content displayed by the low
powered display; controlling a locomotive assembly of the apparatus to travel to the
support structure; detecting the reference feature in an image captured at an image
sensor of the apparatus; controlling an effector assembly of the apparatus to place the
label modification unit at the location relative to the reference feature; and controlling
effector assembly and the label modification unit to modify content displayed by the

low powered display.

[0019] FIG. 1 depicts a mobile automation system 100 in accordance with the teachings
of this disclosure. The system 100 includes a server 101 in communication with at least
one mobile automation apparatus 103 (also referred to herein simply as the apparatus
103) and at least one client computing device 105 via communication links 107,
illustrated in the present example as including wireless links. In the present example,
the links 107 are provided by a wireless local area network (WLAN) deployed within
a retail environment by one or more access points (not shown). In other examples, the
server 101, the client device 105, or both, are located outside the retail environment,
and the links 107 therefore include wide-area networks such as the Internet, mobile
networks, and the like. The system 100 also includes a dock 108 for the apparatus 103
in the present example. The dock 108 is in communication with the server 101 via a
link 109 that in the present example is a wired link. In other examples, however, the
link 109 is a wireless link. As those of ordinary skill in the art will realize, alternatively
or in addition to the retail environment, embodiments of the present disclosure may be
implemented in a variety of environments in which inventoried objects are managed,

such as in a warehouse environment.
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[0020] The client computing device 105 is illustrated in FIG. 1 as a mobile computing
device, such as a tablet, smart phone or the like. In other examples, the client device
105 is implemented as another type of computing device, such as a desktop computer,
a laptop computer, another server, a kiosk, a monitor, and the like. The system 100 can
include a plurality of client devices 105 in communication with the server 101 via

respective links 107,

[0021] The system 100 is deployed, in the illustrated example, in a retail environment
including a plurality of support structures in the form of shelf modules 110-1, 110-2,
110-3 and so on (collectively referred to as shelf modules 110, and generically referred
to as a shelf module 110 — this nomenclature is also employed for other elements
discussed herein). Various other support structures for supporting inventoried retail
and/or warehouse items disposed thereon are contemplated, including shelves, racks
(including racks for hanging inventoried objects, such as clothing racks), peg boards,

and the like.

[0022] Each shelf module 110 supports a plurality of products 112. Each shelf module
110 includes a shelf back 116-1, 116-2, 116-3 and one or more support surfaces (e.g.
an upper support surface 117a-3 and a lower support surface 117b-3 as illustrated in
FIG. 1) extending from the shelf back 116 to a respective shelf edge (e.g. shelf edges
118a-1, 118a-2, 118a-3 and 118b-3). The shelf modules 110 are typically arranged in a
plurality of aisles, each of which includes a plurality of modules 110 aligned end-to-
end. In such arrangements, the shelf edges 118 face into the aisles, through which
customers in the retail environment as well as the apparatus 103 may travel. The shelf
edges 118 typically bear labels corresponding to the products 112 and therefore
including information such as product names, barcodes or other machine-readable

indicators, prices, and the like.

[0023] Thelabels can include adhesive labels affixed to the shelf edges 118, rewriteable
media, low powered displays supported on the shelf edges 118 (e.g. by adhesives or the
like), or other suitable labels. The discussion below refers to low powered displays
acting as electronic shelf labels supported on the shelf edges 118. In some examples, a
low powered display may extend across a shelf edge 118, or a portion thereof, and

define multiple electronic labels corresponding to respective products 112. In other
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examples, the shelf edge 118 may support multiple discrete low powered displays each
defining separate labels corresponding to respective products. In other words, the term
“label” as employed herein can refer to either a discrete low powered display, or to a
region of a strip of a low powered display that defines several such regions (i.e. several
labels). The low powered displays may be, for example, zero-power liquid crystal
displays, electronic paper or other suitable low powered displays which, after updating
the display to display content data, use little to no power maintain the content data on
the display.

[0024] As will be apparent from FIG. 1, the term “shelf edge” 118 as employed herein,
which may also be referred to as the edge of a support surface of a support structure
(e.g., the support surfaces 117) refers to a surface bounded by adjacent surfaces having
different angles of inclination. In the example illustrated in FIG. 1, the shelf edges 118a-
3 is at an angle of about ninety degrees relative to each of the support surface 117a-3
and the underside (not shown) of the support surface 117a-3. In other examples, the
angles between the shelf edges 118 and the adjacent surfaces, such as the support

surfaces 117, is more or less than ninety degrees.

[0025] In the illustrated embodiment, the apparatus 103 is deployed within the retail
environment, and communicates with the server 101 (e.g. via the link 107) to navigate,
autonomously or partially autonomously, along a length 119 of at least a portion of the
shelf modules 110. The apparatus 103 is configured to navigate among the shelf
modules 110, for example according to a frame of reference 102 established within the
retail environment. The frame of reference 102 can also be referred to as a global frame
of reference. The apparatus 103 is configured, during such navigation, to track the
location of the apparatus 103 relative to the frame of reference 102. In other words, the
apparatus 103 is configured to perform localization. The apparatus 103 is equipped with
one or more navigation sensors, including but not limited to image sensors, depth
sensors, as well as gyroscopes and/or accelerometers, enabling the apparatus 103 to

navigate within the environment.

[0026] The apparatus 103 also includes an effector assembly 104 bearing a label
modification unit, to be discussed in greater detail below. The apparatus 103 is

configured, for example responsive to commands received from the server 101, to
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navigate among the shelf modules 110 and modify the above-mentioned labels on the
shelf edges 118 with the effector assembly 104 and associated components. For
example, certain labels may require periodic modification to reflect updated prices,
reallocation of products 112 among the shelf modules 110, and the like. The server 101
includes a memory storing a repository 120 containing label modification data, for
example in the form of a planogram indicating the locations (e.g. in the frame of
reference 102) of each shelf module 110, as well as the location of each low powered
display on each shelf module. Display locations may be expressed in the repository as
a distance along a specified shelf edge 118 relative to a reference feature of the module
110, such as the boundary of the module 110 (e.g. the left side of the module 110). In
particular, the display locations may represent the locations of a charging region of the
low powered display (e.g. contacts for contact charging, or reception coils for wireless
charging). The label modification data in the repository 120 can also contain further
data defining each label, the content data (i.e. the content with which the display is to
be updated), the product identifier corresponding to the label, and the like.

[0027] Turning now to FIGS. 2A and 2B, the mobile automation apparatus 103 is
shown in greater detail. Referring to FIG. 2A, the apparatus 103 includes a chassis 200
containing a locomotive mechanism 204 (e.g. one or more electrical motors driving
wheels, tracks or the like). The chassis 200 supports additional components of the
apparatus 103, including a mast 208 which in turn supports the effector assembly 104.
The effector assembly 104, in the present example, is a robotic arm fixed to the chassis
200 (via the mast 208) at a first end 212. A second end of the effector assembly 104 is
movable relative to the chassis 200, for example with six degrees of freedom (e.g.
translations in three dimensions, as well as roll, pitch and yaw angles). The second end
of the effector assembly 104 carries a label modification unit 216. As will be discussed
in greater detail below, the label modification unit 216 is configured to modify the
content displayed on the low powered display, as well as to capture data (e.g. image
data) for use in positioning the modification unit 216 via control of the effector

assembly 104,

[0028] The apparatus 103 also includes components for controlling and interacting with
the above components to modify labels on the shelf edges 118. Turning to FIG. 2B, the

apparatus 103 includes a special-purpose controller, such as a processor 250
6
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interconnected with a non-transitory computer readable storage medium, such as a
memory 254. The memory 254 includes a combination of volatile memory (e.g.
Random Access Memory or RAM) and non-volatile memory (e.g. read only memory
or ROM, Electrically Erasable Programmable Read Only Memory or EEPROM, flash
memory). The processor 250 and the memory 254 each comprise one or more integrated

circuits.

[0029] The memory 254 stores computer readable instructions for execution by the
processor 250. In particular, the memory 254 stores a control application 258 which,
when executed by the processor 250, configures the processor 250 to perform various
functions discussed below in greater detail and related to the navigation of the apparatus
103 (e.g. by controlling the locomotive mechanism 204). The application 258 may also
be implemented as a suite of distinct applications in other examples. The processor 250,
when so configured by the execution of the application 258, may also be referred to as
a controller 250. Those skilled in the art will appreciate that the functionality
implemented by the processor 250 via the execution of the application 258 may also be
implemented by one or more specially designed hardware and firmware components,
such as field-configurable gate arrays (FPGAs), application-specific integrated circuits
(ASICs) and the like in other embodiments.

[0030] The memory 254 also stores a repository 260 containing, for example, a map of
the environment in which the apparatus 103 is deployed, for use in navigation among
the shelf modules 110. The apparatus 103 may communicate with the server 101, for
example to receive instructions to navigate to specified locations (e.g. to a given aisle
consisting of a set of modules 110) and initiate label modification operations.
Navigation to the specified module 110 is implemented by the apparatus 103 based in
part on the above-mentioned map. The repository 260 can also contain label
modification data (e.g. received from the server 101) for use in modifying the low

powered displays on the shelf modules 110.

[0031] As shown in FIG. 2B, the processor 250 is connected to the effector assembly
104 and the locomotive mechanism 204. The processor 250 is enabled, via such
connections, to issue commands to the effector assembly 104 to control the position of

the label modification unit 216 relative to the chassis 200. In addition, the apparatus
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103 includes a power supply 262, a power transmitter 264 and an image sensor 270

implemented as components of the modification unit 216.

[0032] The power supply 262 is configured to supply power to be transmitted to the
low powered display during updates to the low powered display. The power supply 262
is therefore also coupled to the power transmitter 264. The power supply 262 may be
configured to supply alternating current (AC) or direct current (DC) according to the
type of current required by the power transmitter 264 to transmit power to the low
powered display. The power transmitter 264 can be configured to transmit power from

the power supply 262 to the low powered display via direct contact or wirelessly.

[0033] Referring to FIG. 3A, an example embodiment of the modification unit 216 is
depicted. The modification unit 216 is configured to wirelessly supply power to the low
powered display. In particular, the power transmitter 264 includes a coil 302 through
which an alternating current may be applied by the power supply 262 to induce a
magnetic field for wirelessly providing power to a low powered display 310. The
display 310, in turn, includes a reception coil 312 for receiving the alternating field and
a converter 316 including suitable circuitry to convert the magnetic field to DC power
for modifying the displayed content. The DC power may then be distributed from the
converter 316 to other components of the display 310, such as a CPU 318, a screen 320,
and the like, for performing the modification operations. In some implementations, the
coil 302 may be shaped to induce a magnetic field which extends length-wise along the

shelf edge 118, to allow multiple displays to be powered and updated simultaneously.

[0034] The modification unit 216 further includes a radio transceiver 304 coupled to
the processor 250. The processor 250 is configured to control the radio transceiver 304
to transmit content data extracted from the label modification data to the display 310.
The display 310 includes a display radio 314 to receive the content data from the radio
304, via a near-field communication or another suitable low power wireless
communication. The display radio 314 may be powered by the DC power received from
the modification unit 216. In some examples, the power transmitter 264 can include a
combiner or a multiplexer configured to combine or select signals from the power
supply 262 and the content data from the processor 250. The power transmitter 264 can

thus be configured to transmit both power and content data using the coil 302. In such
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implementations, the display 310 further includes a separator to separate the power and

the content data.

[0035] Referring now to FIG. 3B, another example embodiment of the modification
unit 216 is depicted. The modification unit 216 is configured to supply power to a low
powered display 360 via direct contact. In particular, the power transmitter 264 includes
probes 352 extending from the modification unit 216. The probes 352 are configured
to mate with contacts 362 of the display 360 to transmit power to the display 360 via
direct contact. The contacts 362 can be coupled with other components of the display

360, such as a screen 370, for performing the modification operations.

[0036] The modification unit 216 further includes interface circuitry 364 configured to
receive content data from the processor 250 and transmit the content data to the display
360 via the probes 352. In some implementations, the content data and the power may
be transmitted via separate probes 352. In other implementations, the power transmitter
264 further includes a combiner configured to combine signals from the power supply
262 and the content data from the processor 250. The power transmitter 264 can thus
be configured to transmit both power and content data over the same probes 352. In
such implementations, the display 360 further includes a separator to separate the power

and the content data.

[0037] Returning to FIG. 2B, the image sensor 270 can be for example a digital color
camera (e.g. configured to generate RGB images), a greyscale camera, an infrared
camera, an ultraviolet camera or a combination of the above. The image sensor 270 is
controllable by the processor 250 to capture images of the shelf modules 110 in order
to locate the modification unit 216 and modify labels on the shelf edges 118. As
depicted in FIGS. 3A and 3B, the image sensor 270 is implemented as a component of
the modification unit 216. The image sensor 270 is oriented to capture images depicting
portions of the environment toward which the modification unit 216 is currently

oriented (i.e. towards the low powered display).

[0038] Returning to FIG. 2B, the apparatus 103 also includes a communications
interface 274 enabling the apparatus 103 to communicate with other computing devices,

such as the server 101 over the link 107 shown in FIG. 1. The communications interface
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274 also enables the apparatus 103 to communicate with the server 101 via the dock

108 and the link 109.

[0039] The functionality of the apparatus 103, as implemented via execution of the
application 258 by the processor 250 will now be described in greater detail, with
reference to FIG. 4. FIG. 4 illustrates a method 400 of labeling support structures, which
will be described in conjunction with its performance in the system 100, and in
particular by the apparatus 103, with reference to the components illustrated in FIGS.

2A, 2B, 3A and 3B.

[0040] At block 405, the apparatus 103 is configured to obtain label modification data.
The label modification data can be obtained from the server 101 over the link 107 or
via the dock 108. In other examples, the label modification data can be received from
the client device 105. The label modification data defines at least one location in the
facility for performance of a label modification operation, such as modification of a low
powered display to replace previous label content at the location with new label content,
writing of a label in a previously unlabeled location, or erasure of a previous label,
without placement of a new label. In the present example, the locations are locations on
the shelf edges 118 of the shelf modules 110. Further, in the present example, the
locations are defined relative to a reference feature on the support structure. More
specifically, each display location is defined as an offset distance along a shelf edge
118 of a shelf module 110. The offset distance is defined from a side of the module 110
(e.g. the leftmost side of the module 110, also referred to as the boundary of the module
110). In other examples, various other reference features can be employed to define the
locations in the label modification data, such as machine-readable markers (e.g.
physical features of the shelf, graphical indicators such as QR codes, or the like) along
the shelf edges, ends of a shelf edge 118 within the boundaries of a module 110 (e.g.
when a shelf edge 118 does not extend along the full length 119 of the module 110),
and the like.

[0041] Turning briefly to FIG. 5, a portion of an example shelf module 110 having
upper and lower shelf edges 118a and 118b, respectively, is shown. The shelf edge 118a
bears labels 500 and 504. The label 500 is at an offset 508 from a reference feature, in

the form of a module boundary 516 (in the present example, the left side of the module

10
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110), while the label 504 is at an offset 512 from the reference feature. The offsets 508
and 512, as well as indications of which shelf edge 118 the labels 500 and 504 are
affixed to, can be stored in the repository 120 and obtained by the apparatus 103 at
block 405, for storage in the repository 260. The label modification data obtained at
block 405 therefore contains, in the present example, an identifier of a shelf module
110, an identifier of a shelf edge 118 of the identified module 110, and an offset distance
along the identified shelf edge 118, from a predetermined reference feature of the
identified module 110. The label modification data can also include content data, such
as an image or other content displaying on the low powered display, or a product
identifier permitting the apparatus 103 to retrieve or generate such content data. In some
examples, the label modification data obtained at block 405 can also include an
indication of the previous label to be modified (e.g. a product identifier or the like).
Table 1, below, illustrates example label modification data obtained at block 405.

Table 1: Example Label Modification Data

Module Shelf edge Offset (mm) Product ID
110 118a 150 765554
110 118a 165 778633

[0042] As shown above, for each label to be modified, a location is provided (defined
by the module and shelf edge identifiers, as well as the offsets). The product identifiers
can be employed by the apparatus 103 to retrieve information with which to generate

the content data.

[0043] Returning to FIG. 4, at block 410 the apparatus 103 is configured to navigate to
the next support structure (e.g. the next module 110) identified in the label modification
data. Navigation is performed via a suitable navigational mechanism, such as via the
use of the above-mentioned map, navigational sensors of the apparatus 103, and the
like. In the present example, the apparatus 103 is configured to navigate to a
predetermined location relative to the module 110. For example, modules 110 may have
lengths of about 1.5 m (other module lengths are also contemplated, for example from

about 1 m to about 2 m), and the effector assembly 104 may have a reach of about 1 m.

11
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[0044] Thus, the apparatus 103 is configured to navigate to a position at a predefined
depth relative to the module 110, approximately half-way along the length 119 of the
module 110, from which the effector assembly 104 can reach any portion of the shelf
edges 118 of the module 110. FIG. 6A illustrates such a position, with the apparatus
103 having arrived at a depth 600 relative to the module 110, about half-way along the
length 119 of the module. As seen in FIG. 6A, the apparatus 103 is not exactly half-
way along the length 119. As will be apparent to those skilled in the art, localization
based on inertial sensing (e.g. via accelerometers and gyroscopes), as well as
localization based on odometry (e.g. via a wheel encoder coupled to the locomotive
mechanism 204) may suffer from navigational errors, and the internal localization
maintained by the apparatus 103 may therefore not align exactly with the true position

of the apparatus 103 within the environment.

[0045] Returning to FIG. 4, at block 410 the apparatus 103 is also configured to place
the modification unit 216 at an initial location, from which detection of the above-
mentioned reference feature will be initiated. Positioning of the modification unit 216
is achieved via control of the effector assembly 104, for example by issuing commands
from the processor 250 to the effector assembly 104 specifying coordinates (e.g. X, Y,
Z coordinates and roll, pitch and yaw angles) that define a position and orientation of
the modification unit 216 relative to the chassis 200. The effector assembly 104
includes positional sensors (not shown) configured to track the position of the second
end (i.e. the modification unit 216) of the effector assembly 104 relative to the first end
212, enabling the effector assembly 104 to position the modification unit 216

responsive to the above-mentioned commands from the processor 250.

[0046] The initial location is selected based on the known position (in the frame of
reference 102) of the shelf edge 118 identified in the label modification data, as well as
on the predetermined position to which the apparatus 103 navigated at block 410, and
on a navigational error boundary. For example, the navigational error mentioned above
may have been previously characterized as reaching a maximum of about 0.1 m.
Further, the height of the apparatus 103 and of the first end 212 of the effector assembly
104 on the apparatus 103 are previously determined, as is the height of the shelf edge
118a identified in the label modification data shown above. In the present example, the

reference feature is the boundary 516, and the apparatus 103 is therefore configured to
12
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control the effector assembly 104 to place the modification unit 216 at an initial location
at the height of the shelf edge 118a, at a horizontal position adjacent to the boundary
516. As a result of the potential for a positional error of up to 0.1 m, the modification
unit 216 may be placed at a distance parallel to the length 119 of about 0.85 m (half of

the length 119 plus the maximum potential navigational error of 0.1 m).

[0047] At block 415 the apparatus 103 is configured to control the image sensor 270 to
capture an image. As shown in FIG. 6A, the modification unit 216 is positioned to orient
the image sensor 270 towards the module 110. The image captured at block 415
therefore depicts a portion of the shelf edge 118a identified in the label modification
data. At block 420 the apparatus 103 is configured to determine whether the reference
feature is detected in the image captured at block 415. When the determination is
negative, the apparatus 103 is configured to repeat the performance of blocks 415 and
420, incrementing the location of the modification unit 216 along the shelf edge 118a
for each image capture. In other words, in the present example, in which the labels (i.e.
the rewritable media bearing the labels) are affixed to substantially horizontal shelf
edges 118, each incremental movement of the modification unit 216 at block 415
maintains the modification unit 216 at a predetermined height (e.g. the height of the
shelf edge 118a as specified in the repository 120, the repository 260, or the label
modification data itself) and changes the horizontal location by a predetermined

increment to shift the field of view of the image sensor 270.

[0048] Referring to FIG. 6B, movement of the effector assembly 104 is illustrated,
causing the modification unit 216 to traverse a portion of the shelf edge 118 from an
initial position 604 (shown in FIG. 6A) to a further position 608. FIG. 6C shows a
sequence of three images 612, 616 and 620 captured during the traverse shown in FIG.
6B. The determination at block 420, in the present example, includes determining
whether the image captured at block 415 contains a substantially vertical gradient
change (e.g. from light, to dark, and back to light) indicative of a gap between modules
110 (which indicates the presence of the module boundary 516). The determination
includes the application of a suitable gradient detection operation, edge detection
operation or the like. In the example images of FIG. 6C, the image 612 depicts a shelf
edge of an adjacent module 110, and does not contain the boundary 516. The image

616 contains a partial representation of the gap between modules 110, but does not
13
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contain the boundary 516 (e.g. does not contain the complete dark-light-dark transition
mentioned above). The image 620, meanwhile, contains a dark-light-dark transition
representing the boundary 516. Responsive to capturing the image 620, therefore, the
determination at block 420 is affirmative and the performance of the method 400

proceeds to block 425.

[0049] As will now be understood by those skilled in the art, the position of the image
sensor 270 is fixed relative to the position of the modification unit 216. The image
sensor 270 need not be centered relative to the modification unit 216, but the position
of the image sensor 270 relative to the center of the modification unit 216, and in
particular, the power transmitter 264 is nevertheless predetermined. Therefore, the
location of a reference feature in an image captured by the image sensor 270 indicates
the position of the image sensor itself (and therefore the position of the modification

unit 216 and the power transmitter 264) relative to the reference feature.

[0050] At block 425, the apparatus 103 is configured to control the effector assembly
104 to place the modification unit 216 at the next location defined in the label
modification data. In other words, having established the position of the modification
unit 216 relative to the reference feature following an affirmative determination at block
420, the apparatus 103 is configured to move the effector assembly 104 to place the
modification unit 216 at the specified offset relative to the reference feature. Taking the
label modification data of Table 1 as an example, at block 425 the effector assembly
104 is controlled to place the modification unit 150 mm to the right (in the orientation
shown in FIGS. 5, 6A and 6B) of the boundary 516. The location can represent, for
example, the location of contacts of the low powered display for direct contact by the
probes of the modification unit 216. In some examples, the location can represent an
approximate location of the reception coil of the low powered display for wireless
power and modification. In other examples, the location can represent a location at
which the label modification unit 216 may be located to charge multiple displays

simultaneously.

[0051] At block 430, the apparatus 103 is configured to modify a label at the location
specified in the label modification data. The modification of a label at block 430 will
be discussed in greater detail in connection with FIG. 7. At block 435, the apparatus
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103 1s configured to determine whether further labels remain to be modified on the
current support structure (that is, the current module 110, to which the apparatus 103
navigated at block 410). The determination at block 435 is made with reference to the
label modification data obtained at block 405. If all listed labels in the label
modification data for the current module 110 have been modified, the determination at
block 435 is negative. When the determination at block 435 is negative, the apparatus
103 proceeds to block 440. Otherwise, the apparatus 103 returns to block 425 to modify

the next label for the current support structure.

[0052] At block 440, the apparatus 103 is configured to determine whether support
structures other than the current support structure are identified in the label modification
data and remain to be processed. In the example data shown in Table 1 above, only one
module 110 is identified. In other examples, however, the label modification data can
identify display locations on a plurality of distinct modules 110. When the
determination at block 440 is affirmative, the apparatus 103 returns to block 410 to
navigate to the next module 110 in the label modification data. As will now be apparent,
during the performance of blocks 415 to 435, the apparatus 103 is configured to remain
stationary relative to the current module 110. That is, although the effector assembly
104 and modification unit 216 move, the chassis 200 remains stationary relative to the
module 110, thus mitigating or eliminating the accumulation of further navigational

errors during the label modification process.

[0053] Turning now to FIG. 7, the performance of block 430 will be discussed in
greater detail. FIG. 7 illustrates a method 700 of label modification which will be
described in conjunction with its performance in the system 100, and in particular by
the apparatus 103, with reference to the components illustrated in FIGS. 2A, 2B, 3A
and 3B.

[0054] At block 705, having controlled the effector assembly 104 to place the
modification unit 216 at the next location at block 425 as shown in FIG. 8A, the
apparatus 103 is configured to detect the low powered display, and in particular, a
charging region of the low powered display at the location. Detection of the low
powered display is achieved, in the present example, by controlling the image sensor

270 to capture one or more images of the shelf edge 118 from the current location of
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the modification unit 216 (i.e. the location specified in the label modification data).
Detection of the low powered display can be performed via the detection of one or more
edge features of the display (e.g. as indicated by gradient changes or the like), or the
detection of contacts or one or more charging region indicators. In other examples,
detection of the low powered display can include detection of the content data
displayed, such as via the detection of a barcode or other label features such as strings
of text in a captured image or the detection of one or more edge features of the displayed

label.

[0055] At block 710, the processor 250 can be configured to increment the location of
the modification unit 216 based on the features detected at block 705. For example,
when a partial display is detected in an image captured at block 705, the processor 250
is configured to increment the location of the modification unit 216, for example to
center the modification unit 216 over the partially detected display, or to center the
modification unit 216 over a charging region of the detected display, and to then capture
a further image via the image sensor 270 and repeat the detection. The processor 250
may process the captured image(s) and adjust the modification unit 216 according to
explicit predefined algorithms (e.g. if the detected display is too low, move the
modification unit 216 down), based on neural network approaches, or a combination of

the above.

[0056] For example, referring to FIG. 8B, an example image 800 captured via the
image sensor 270 is shown. The image 800 depicts a portion of the shelf edge 118a and
a portion of a low powered display 804 displaying a label 806. The image 800 further
depicts contacts 808a and 808b of the display 804 for charging via direct contact. The
processor 250 can be configured to control the effector assembly 104 to move the
modification unit 216 along the shelf edge 118a in the direction of the contacts 808 and
to capture a further image. A further image 810 is shown in FIG. 8C, in which the
contacts 808 are centered in the image. The processor 250, in other words, detects the
contacts 808 as being coincident with the current position of the modification unit 216,
and in particular, with the probes 352, and therefore suitable for being powered via the
probes 352. When the modification unit 216 transmits power to the display 804 via
direct contact, the processor 250 may be configured to iterate the detection and

incrementing the location of the modification unit 216 until the contacts 808 are within
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a threshold distance from a target position. In other examples, such as when the
modification unit 216 transmits power to the display 804 wirelessly, the threshold for

the position of the charging region may be relaxed.

[0057] In particular, blocks 705 and 710 may be performed when the charging format
is direct contact, and hence the modification unit 216, and in particular the power
transmitter 264, are to be precisely located relative to the charging region of the low
powered display. In other examples, the processor 250 can be configured to proceed
directly to block 715. For example, the location stored in the label modification data
may correspond to the offset of the charging region, and hence the modification unit

216 may be correctly positioned after having detected the reference feature.

[0058] In some examples, when wireless charging is employed, the modification unit
216 may be configured to transmit power to multiple displays simultaneously, hence a
single charging region may be used for each of the multiple displays. The processor
250 can be configured determine an optimal charging location based on the display
locations, for example based on machine learning algorithms or based on predetermined
instructions (e.g. using a maximum threshold distance from each display). In other
examples, the optimal charging location may be predetermined, and the location
specified in the label modification data may be the optimal charging location for one or

more displays.

[0059] Returning to FIG. 7, at block 715, the processor 250 is configured to transmit
power to the low powered display. For example, when employing direct contact
charging, the processor 250 can control the effector assembly 104 to extend the
modification unit 216 towards the shelf edge 118a until one or more sensors (e.g. strain
gauges or the like) in the effector assembly 104 register a threshold resistance indicating
that the modification unit 216 has contacted the shelf edge 118a, and in particular, that
the probes 352 have contacted the contacts of the display. The processor 250 is then
configured to control the power supply 262 to supply power to the display.

[0060] When employing wireless charging, the processor 250 is configured to control
the power supply 262 to apply an alternating current to the coil 302 to generate a
magnetic field. In some examples, the processor 250 can further be configured to extend

the modification unit 216 towards the shelf edge 118a by a predetermined distance, or
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by controlling the image sensor 270 to capture one or more images and process the
captured image(s) to detect the shelf edge 118a to bring the modification unit 216 closer
to the display to increase the efficiency of power transmission by the generated
magnetic field. In some examples, the generated magnetic field may be sufficiently

large to power multiple low powered displays simultaneously.

[0061] For example, referring to FIG. 9, the modification unit 216 is located at a
charging location and generates a magnetic field 900 for wirelessly charging low
powered display 904-1. Based on the proximity of displays to the modification unit 216
and the size of the induced magnetic field 900, the modification unit 216 can

simultaneously transmit power to further low powered displays, 904-2, and 904-3.

[0062] Returning to FIG. 7, t block 720, the processor 250 is configured to determine
whether the display has been powered. For example, after a predetermined length of
time, the processor 250 can communicate via a wireless communication protocol to
confirm that the display is ready to receive content data. If the processor 250 determines
that the display is not yet sufficiently powered (e.g. it receives no response, or receives
anegative response), the processor 250 is configured to repeat the performance of block
715. For example, if the modification unit 216 was moved out of position or incorrectly
positioned, block 715 may be repeated to reposition the modification unit 216, and in
particular the power transmitter 264 with respect to the display. When the determination

at block 720 is affirmative, the processor 250 is configured to proceed to block 725.

[0063] At block 725, the processor 250 is configured to transmit content data to the
display. For example, the processor 250 can control the radio 304 to communicate with
a respective radio of the display to transmit the content data. In some examples, the
processor 250 can control the radio 304 to communicate with multiple low powered
displays for updating multiple display simultaneously. Referring again to FIG. 9, the
modification unit 216 communicates with the low powered display 904-1 via the
wireless link 908-1 to modify the content displayed by the low powered display 904-1.
In particular, the modification unit 216 transmits content data to the low powered
display 904-1 via the link 908-1. Based on proximity of the displays to the modification
unit 216 and the range of the respective radios, the modification unit 216 can

communicate via the wireless links 908-2 and 908-3 to modify further content displayed
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by the further low powered displays 904-2 and 904-3 simultaneously with modifying
the content displayed by the low powered display 904-1. In particular, the modification
unit 216 transmits content data to the low powered displays 904-2 and 904-3 via the
wireless links 908-2 and 908-3 respectively.

[0064] In other examples, when employing direct contact, the processor 250 can
transmit the content data to the circuitry 354 to be sent to the low powered display via
the probes 352. The content data can include, for example, clock data, content with

which to update the display, and control instructions for updating the display.

[0065] At block 730, the processor 250 is configured to determine whether the display
has been updated successfully. For example, after a predetermined length of time, the
processor 250 can communicate via a wireless communication protocol to confirm that
the display was updated successfully. If the processor 250 determines that the display
was not updated successfully, the processor 250 is configured to repeat the performance
of block 725. In some examples, the processor 250 may determine that multiple
displays were successfully updated and record the updates, for example in the
repository 260. Accordingly, at block 435, the processor 250 may skip displays for
which the content was already modified. In other examples, the processor 250 can
control the image sensor 270 to capture one or more images and process the image(s)
to detect the content displayed on the low powered display. For example, the processor
can detect a barcode or other label features to determine whether the display was
updated successfully. When the determination at block 730 is affirmative, the processor

is configured to proceed to block 735.

[0066] At block 735, having successfully updated the low powered display, the
processor 250 is configured to control the power supply 262 to turn off the power and
proceed to block 435 of the method 400. For example, the processor 250 can control
the power supply 262 to stop supplying power to the power transmitter 264, and the
effector assembly 104 to move the modification unit 216 away from the low powered
display.

[0067] Variations to the above systems and methods are contemplated. For example, in
some embodiments, the performance of block 410 of the method 400 includes only

placement of the modification unit 216 at an initial location, without navigating to a
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support structure. In such embodiments, the apparatus 103 may lack a controllable
locomotive mechanism, and may instead be moved to the support structure by an
operator. Following arrival at the support structure, the operator may activate an input
on the apparatus 103 to initiate the performance of block 410 (that is, the control of the

modification unit 216).

[0068] In another embodiment, the low powered display can be configured to obtain
the content data from the server 101, the client device 105, or another access point via
a communication link 107. In particular, the low powered display can receive power
from the modification unit 216 to power a communications interface to download the
content data. Accordingly, the processor 250 can be configured to proceed directly from

block 720 to block 730, without transmitting content data to the display.

[0069] In a further embodiment, the low powered display can be a smart label including
one or more sensors to collect data for transmission to the label modification unit or to
the server 101. In particular, at block 725, in addition to or instead of transmitting
content data to the smart label, the label modification unit 216 may receive collected
sensor data from the smart label. The modification unit 216 can store the collected
sensor data in the repository 260 for further processing, such as subsequent transmission
to the server 101. In other examples, upon receiving power from the modification unit
216 at block 715, the smart label can be configured to transmit the collected sensor data
directly to the server 101, for example via the radio 314. More generally, the label
modification unit can transmit power to and receive collected data from other types of

sensors, including sensors which do not include label display applications or properties.

[0070] In the foregoing specification, specific embodiments have been described.
However, one of ordinary skill in the art appreciates that various modifications and
changes can be made without departing from the scope of the invention as set forth in
the claims below. Accordingly, the specification and figures are to be regarded in an
illustrative rather than a restrictive sense, and all such modifications are intended to be

included within the scope of present teachings.

[0071] The benefits, advantages, solutions to problems, and any element(s) that may
cause any benefit, advantage, or solution to occur or become more pronounced are not

to be construed as a critical, required, or essential features or elements of any or all the
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claims. The invention is defined solely by the appended claims including any
amendments made during the pendency of this application and all equivalents of those

claims as issued.

[0072] Moreover in this document, relational terms such as first and second, top and
bottom, and the like may be used solely to distinguish one entity or action from another

entity or action without necessarily requiring or implying any actual such relationship

or order between such entities or actions. The terms "comprises," "comprising," “has”,

LA

“having,” “includes”, “including,

2

contains”, “containing” or any other variation
thereof, are intended to cover a non-exclusive inclusion, such that a process, method,
article, or apparatus that comprises, has, includes, contains a list of elements does not
include only those elements but may include other elements not expressly listed or
inherent to such process, method, article, or apparatus. An element proceeded by

29 (13

“comprises ...a”, “has ...a”, “includes ...a

29 (13
2

contains ...a” does not, without more
constraints, preclude the existence of additional identical elements in the process,
method, article, or apparatus that comprises, has, includes, contains the element. The

terms “a” and “an” are defined as one or more unless explicitly stated otherwise herein.

2% LC
2

2% LC
2

2% LC
2

The terms “substantially”, “essentially”, “approximately”, “about” or any other version
thereof, are defined as being close to as understood by one of ordinary skill in the art,
and in one non-limiting embodiment the term is defined to be within 10%, in another
embodiment within 5%, in another embodiment within 1% and in another embodiment
within 0.5%. The term “coupled” as used herein is defined as connected, although not
necessarily directly and not necessarily mechanically. A device or structure that is
“configured” in a certain way is configured in at least that way, but may also be

configured in ways that are not listed.

[0073] It will be appreciated that some embodiments may be comprised of one or more
specialized processors (or “processing devices”) such as microprocessors, digital signal
processors, customized processors and field programmable gate arrays (FPGAs) and
unique stored program instructions (including both software and firmware) that control
the one or more processors to implement, in conjunction with certain non-processor
circuits, some, most, or all of the functions of the method and/or apparatus described
herein. Alternatively, some or all functions could be implemented by a state machine

that has no stored program instructions, or in one or more application specific integrated
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circuits (ASICs), in which each function or some combinations of certain of the
functions are implemented as custom logic. Of course, a combination of the two

approaches could be used.

[0074] Moreover, an embodiment can be implemented as a computer-readable storage
medium having computer readable code stored thereon for programming a computer
(e.g., comprising a processor) to perform a method as described and claimed herein.
Examples of such computer-readable storage mediums include, but are not limited to,
a hard disk, a CD-ROM, an optical storage device, a magnetic storage device, a ROM
(Read Only Memory), a PROM (Programmable Read Only Memory), an EPROM
(Erasable Programmable Read Only Memory), an EEPROM (Electrically Erasable
Programmable Read Only Memory) and a Flash memory. Further, it is expected that
one of ordinary skill, notwithstanding possibly significant effort and many design
choices motivated by, for example, available time, current technology, and economic
considerations, when guided by the concepts and principles disclosed herein will be
readily capable of generating such software instructions and programs and ICs with

minimal experimentation.

[0075] The Abstract of the Disclosure is provided to allow the reader to quickly
ascertain the nature of the technical disclosure. It is submitted with the understanding
that it will not be used to interpret or limit the scope or meaning of the claims. In
addition, in the foregoing Detailed Description, it can be seen that various features are
grouped together in various embodiments for the purpose of streamlining the
disclosure. This method of disclosure is not to be interpreted as reflecting an intention
that the claimed embodiments require more features than are expressly recited in each
claim. Rather, as the following claims reflect, inventive subject matter lies in less than
all features of a single disclosed embodiment. Thus the following claims are hereby
incorporated into the Detailed Description, with each claim standing on its own as a

separately claimed subject matter.
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Claims
1. An apparatus for labeling support structures, comprising:
a chassis having a locomotive assembly;
an effector assembly having a first end coupled to the chassis and a second end
movable relative to the chassis;
a label modification unit at the second end of the effector assembly, the label
modification unit including an image sensor; and
a controller coupled to the locomotive assembly, the effector assembly and the
label modification unit, the controller configured to:
obtain label modification data defining a location of a low powered
display relative to a reference feature on a support structure for modifying
content displayed by the low powered display;
control the locomotive assembly to travel to the support structure;
detect the reference feature via image data captured at the image
Sensor,
control the effector assembly to place the label modification unit at the
location relative to the reference feature; and
control the effector assembly and the label modification unit to modify

content displayed by the low powered display.

2. The apparatus of claim 1, wherein the effector assembly is a robotic arm.

3. The apparatus of claim 2, further comprising a mast extending upwards from the

chassis; wherein the robotic arm is supported at the first end on the mast.
4. The apparatus of claim 1, wherein modifying the low powered display comprises:
transmitting power to the low powered display and transmitting content data to the

low powered display.

5. The apparatus of claim 4, wherein the apparatus comprises:

a power supply to supply power; and
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a power transmitter coupled to the power supply, the power transmitter
configured to transmit power from the power supply to a receiver of the low powered

display.

6. The apparatus of claim 5, wherein the power transmitter is further configured to

transmit the content data to the low powered display.

7. The apparatus of claim 5, further comprising a radio coupled to the controller, the

radio configured to transmit the content data to the low powered display.

8. The apparatus of claim 5, wherein the transmitter comprises probes extending from
the label modification unit, the probes configured to mate with contacts of the low

powered display to transmit the power to the low powered display.

9. The apparatus of claim 5, wherein the transmitter comprises a coil, and wherein the
controller is configured to control the power supply to apply an alternating current to
the coil to induce a magnetic field to wirelessly transmit power to the low powered

display.

10. The apparatus of claim 9, wherein the modification unit transmits power to at least
a further low powered display via the induced magnetic field, and wherein the
controller is configured to control the label modification unit to modify further
content displayed by the further low powered display simultaneously with modifying
the content displayed by the low powered display.

11. The apparatus of claim 1, wherein the support structure includes a shelf module
including a label-bearing shelf edge; and wherein the reference feature is a boundary
of the shelf module; and
wherein the controller is configured to detect the reference feature by:
controlling the effector assembly to position the label modification unit
at an initial location relative to the shelf module;
capturing, via the image sensor, an image of the shelf module; and
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detecting the module boundary in the image.

12. The apparatus of claim 11, wherein the controller is further configured to detect
the module boundary in the image by detecting a sequence of gradient changes in the

image.

13. The apparatus of claim 1, wherein the controller is further configured to control
the label modification unit to receive collected sensor data from the low powered

display.

14. A method of modifying low powered displays on support structures, comprising:

at a controller of an apparatus:

obtaining label modification data defining a location of a low powered
display relative to a reference feature on a support structure for modifying
content displayed by the low powered display;

controlling a locomotive assembly of the apparatus to travel to the
support structure;

detecting the reference feature in an image captured at an image sensor
of the apparatus;

controlling an effector assembly of the apparatus to place a label
modification unit at the location relative to the reference feature; and

controlling effector assembly and the label modification unit to modify

content displayed by the low powered display.

15. The method of claim 14, wherein controlling the effector assembly and label
modification unit to modify content displayed by the low powered display comprises
transmitting power to the low powered display and transmitting content data to the

low powered display.

16. The method of claim 15, wherein transmitting power to the low powered display
comprises controlling a power transmitter of the label modification unit to transmit
power from a power supply of the apparatus to a receiver of the low powered display.
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17. The method of claim 16, wherein transmitting content data to the low powered
display comprises controlling the power transmitter to further transmit the content

data.

18. The method of claim 16, wherein transmitting content data to the low powered
display comprises controlling a radio of the modification unit to transmit the content

data.

19. The method of claim 16, wherein the power transmitter comprises probes
extending from the label modification unit, the probes configured to mate with

contacts of the low powered display to transmit the power to the low powered display.

20. The method of claim 16, wherein the transmitter comprises a coil, and wherein
transmitting power comprises controlling the power supply to apply an alternating
current to the coil to induce a magnetic field to wirelessly transmit power to the low

powered display.

21. The method of claim 20, further comprising:

transmitting power to at least a further low powered display via the induced
magnetic field; and

modifying further content displayed by the further low powered display
simultaneously with modifying the content displayed by the low powered display.

22. The method of claim 14, wherein the support structure includes a shelf module
including a label-bearing shelf edge; wherein the reference feature is a boundary of
the shelf module; and wherein detecting the reference feature comprises, at the
controller:

controlling the effector assembly to position the label modification unit at an
initial location relative to the shelf module;

capturing, via the image sensor, an image of the shelf module; and

detecting the module boundary in the image.
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23. The method of claim 22, further comprising, at the controller, detecting the
module boundary in the image by detecting a sequence of gradient changes in the

image.

24. The method of claim 14, further comprising receiving collected sensor data from

the low powered display.
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