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1
ROBOTIC MANIPULATION INTELLIGENCE
SYSTEMS AND METHODS FOR
AUTOMATIC RESTOCKING OF ITEMS IN
RETAIL STORE ENVIRONMENTS

TECHNICAL FIELD

The present disclosure relates to retail store robotic
restocking of items, and, more particularly, to robotic
manipulation intelligence systems and methods for auto-
matic restocking of items in retail store environments.

BACKGROUND

In-store logistics involves management of the inventory
flow from the store’s receiving dock to the point-of-sale
(POS), passing through the stock room. This includes
unloading, placing POS labels, prices tickets/stickers, item
put-away, and restocking of items. Stock clerks and order
re-fillers do most of the in-store product handling tasks
today manually. Typically shelving cartons on the store shelf
is repetitive and physically demanding.

The ultimate goal for retail logistics is to have the right
item in the right quantity, at the right time and place, in the
right condition. At least some known systems and methods
for robotic restocking are hampered by a wide variation of
items, which need to be manipulated in different ways, as
well as by the presence of obstacles present in store aisles,
among other challenges. Robotic restocking needs to handle
a wide variety of items, which need to be manipulated in
different ways in order to restock robustly and meet required
cycle times. Because of the large number of, and the wide
variation in, different items to be restocked, there is a need
for a very low cost, low effort way to teach manipulation
intelligence.

SUMMARY

The robotic manipulation intelligence systems and meth-
ods for automatic restocking of items in retail store envi-
ronments disclosed herein increase restocking efficiency,
flexibility and productivity, and address the issues of health
and safety associated with fully manual tasks.

In one aspect, the disclosure describes a method for
automatic restocking a plurality of different items in a retail
store environment. The retail store environment has point of
sale (POS) locations for the plurality of different items. The
POS locations include at least one shelf positioned adjacent
to at least one aisle. The method includes, for a first item of
the plurality of different items, storing in a database at least
one first item parameter uniquely identifying the first item.
For the first item, the method includes determining, by a
processor in communication with the database and based on
the at least one first item parameter, a first autonomous
movement control scheme for manipulation of the first item
by a robotic arm in communication with the processor. For
the first item, the method includes executing, by the robotic
arm, the first autonomous movement control scheme, where
the executing includes shelving the first item on the at least
one shelf. For the first item, the method includes evaluating,
by at least one of: the processor, and a user of the robotic
arm, the executing for the first item according to at least one
predetermined first performance criteria stored in the data-
base. For the first item, the method includes determining and
storing in the database, by the processor and based on a
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2

result of the evaluating, an updated first autonomous move-
ment control scheme for subsequent executing by the robotic
arm for the first item.

In another aspect, the disclosure describes a system for
automatic restocking a plurality of different items in a retail
store environment. The retail store environment has POS
locations for the plurality of different items. The POS
locations include at least one shelf positioned adjacent to at
least one aisle. The system includes at least one robotic arm
and one or more processors in communication with the at
least one robotic arm. The system includes one or more
memory devices in communication with the one or more
processors. The one or more memory devices include a
database stored therein. The one or more processors are
programmed to, for a first item of the plurality of different
items, store at least one first item parameter uniquely iden-
tifying the first item in the database. The one or more
processors are programmed to, for the first item, determine,
based on the at least one first item parameter, a first
autonomous movement control scheme for manipulation of
the first item by the at least one robotic arm. The one or more
processors are programmed to, for the first item, execute, by
the at least one robotic arm, the first autonomous movement
control scheme. For executing the first autonomous move-
ment control scheme, the one or more processors are further
programmed to shelve the first item on the at least one shelf.
The one or more processors are programmed to, for the first
item, evaluate the execution of the first autonomous move-
ment control scheme for the first item according to at least
one predetermined first performance criteria stored in the
database. The one or more processors are programmed to,
for the first item, determine and store in the database, based
on a result of the evaluation of the execution of the first
autonomous movement control scheme, an updated first
autonomous movement control scheme for at least one
subsequent execution by the at least one robotic arm for the
first item.

In yet another aspect, the disclosure describes a non-
transient computer-readable medium. The non-transient
computer-readable medium stores as software processor-
executable instructions for automatically restocking a plu-
rality of different items in a retail store environment. The
retail store environment has POS locations for the plurality
of different items. The POS locations include at least one
shelf positioned adjacent to at least one aisle. When
executed by one or more processors in communication with
a database, the processor-executable instructions cause the
one or more processors to, for a first item of the plurality of
different items, obtain and store at least one first item
parameter uniquely identifying the first item in the database.
When executed by one or more processors in communica-
tion with a database, the processor-executable instructions
cause the one or more processors to, for the first item,
determine, based on the at least one first item parameter, a
first autonomous movement control scheme for manipula-
tion of the first item by a robotic arm in communication with
the one or more processors. When executed by one or more
processors in communication with a database, the processor-
executable instructions cause the one or more processors to,
for the first item, execute, by the robotic arm, the first
autonomous movement control scheme. For executing the
first autonomous movement control scheme, the processor-
executable instructions cause the one or more processors to
shelve the first item on the at least one shelf. When executed
by one or more processors in communication with a data-
base, the processor-executable instructions cause the one or
more processors to, for the first item, evaluate the execution
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of the first autonomous movement control scheme for the
first item according to at least one predetermined first
performance criteria stored in the database. When executed
by one or more processors in communication with a data-
base, the processor-executable instructions cause the one or
more processors to, for the first item, determine and store in
the database, based on a result of the evaluation of the
execution of the first autonomous movement control
scheme, an updated first autonomous movement control
scheme for at least one subsequent execution by the robotic
arm for the first item.

The robotic manipulation intelligence systems and meth-
ods for automatic restocking of items in retail store envi-
ronments disclosed herein provide users a number of ben-
eficial technical effects and realize various advantages as
compared to known robotic restocking systems and meth-
ods. Such benefits include, without limitation, being more
efficient in use of computing resources, network bandwidth,
and memory storage capacity, providing less expensive and
more user friendly installation, operation, and maintenance,
consuming less power, being safer and less intrusive to
users, shoppers, and employees in retail store and other use
environments, allowing use with a number of different
items, packaging configurations, delivery modalities, and
POS configurations, being interoperable with various extant
store equipment, and having the ability to utilize a number
of data communication protocols.

Further and alternative aspects and features of the dis-
closed principles will be appreciated from the following
detailed description and the accompanying drawings. As
will be appreciated, the principles related to the disclosed
robotic manipulation intelligence systems and methods for
automatic restocking of items in retail store environments
are capable of being carried out in other and different
embodiments, and capable of being modified in various
respects. Accordingly, it is to be understood that both the
foregoing summary and the following detailed description
are exemplary and explanatory only and do not restrict the
scope of the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a system for automatic
restocking of different items in a retail store environment
according to an embodiment of the disclosure.

FIG. 2 is a flow chart of a method for automatic restocking
of different items in the retail store environment shown in
FIG. 1 according to an embodiment of the disclosure.

FIG. 3 and FIG. 4 are schematic diagrams of aspects of
the system for automatic restocking of different items shown
in FIG. 1 according to embodiments of the disclosure.

FIG. 5 is a block diagram of a data structure of the
database shown in the system of FIG. 1 according to an
embodiment of the disclosure.

FIG. 6 is a block diagram of a software architecture for the
method for automatic restocking of different items shown in
FIG. 2 according to an embodiment of the disclosure.

FIGS. 7-9 are flow charts of aspects of the method for
automatic restocking of different items shown in FIG. 2
according to embodiments of the disclosure.

DETAILED DESCRIPTION

Reference will now be made in detail to specific embodi-
ments or features, examples of which are illustrated in the
accompanying drawings. Wherever possible, corresponding
or similar reference numbers will be used throughout the
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4

drawings to refer to the same or corresponding parts. More-
over, references to various elements described herein, are
made collectively or individually when there may be more
than one element of the same type. However, such refer-
ences are merely exemplary in nature. It may be noted that
any reference to elements in the singular may also be
construed to relate to the plural and vice-versa without
limiting the scope of the disclosure to the exact number or
type of such elements unless set forth explicitly in the
appended claims.

FIG. 1 is a schematic diagram of a system (1) for
automatic restocking of a plurality of different items (18, 20,
22, ... (n-1)-th item, n-th item) in a retail store environment
(2) according to an embodiment of the disclosure. FIG. 2 is
a flow chart of a method (1000) for automatic restocking of
the plurality of different items (18, 20) in the retail store
environment (2) shown in FIG. 1 according to an embodi-
ment of the disclosure. FIGS. 3 and 4 are schematic dia-
grams illustrating aspects of the system (1) for automatic
restocking of different items (18, 20, 22) shown in FIG. 1
according to embodiments of the disclosure. In the examples
illustrated in FIGS. 1, 3 and 4, the method shown in FIG. 2
is implemented, at least in part, using the system of FIGS.
1, 3 and 4.

Referring to FIGS. 1, 3 and 4, retail store environment (2)
has point of sale (POS) locations (8) for the plurality of
different items (18, 20, 22). The POS locations (8) include
at least one shelf (14) positioned adjacent to at least one aisle
(10). The plurality of different items (18, 20, 22) are posi-
tioned in retail store environment (2). Different items (18,
20, 22) may be contained in one or more cartons (24).
Carton(s) (24) and/or items (18, 20, 22) are delivered to
and/or otherwise arrive at retail store environment (2) at one
or more delivery locations (40) (e.g., by a delivery vehicle
(64) arriving at a loading dock delivery location (40) with
items (18, 20, 22) in as-delivered positions (46)). Items (18,
20, 22) and/or carton(s) (24) may be positioned on one or
more pallets (26) in retail store environment (2). Items (18,
20, 22) have at least one physical attribute (e.g., first
physical attribute(s) for a first item (18) and second physical
attribute(s) for a second item (20)), such as a shape, a
weight, a height, a width, and/or a length.

Referring to FIGS. 1, 3 and 4, system (1) includes at least
one robotic arm (34) and one or more processors (50) in
communication with robotic arm(s) (34). Processor(s) (50)
include a transceiver (48) in communication therewith. In an
example, system (1) includes one or more mobile devices
(30). In an example, mobile device(s) (30) include a hitch
(51). In such embodiments, a trailer (59) is removably
coupled to hitch (51), and mobile device(s) (30) tow
trailer(s) (59) carrying one or more cartons (24), pallet(s)
(26), and/or items (18, 20, 22). Robotic arm(s) (34) and/or
mobile device(s) (30) include at least one sensor (38)
positioned thereupon. Robotic arm(s) (34) and/or mobile
device(s) (30) include one or more transceivers (42) posi-
tioned therein and/or thereupon. In an example, robotic
arm(s) (34) is/are mounted and/or otherwise coupled to
mobile device(s) (30). System (1) includes one or more
memory devices (54) in communication with processor(s)
(50). Memory device(s) (54) include a database (72) stored
therein. In an example, memory device(s) (54) store a
decision hierarchy/restocking plan (78). In an example,
memory device(s) (54) are also in communication with
robotic arm(s) (34) and/or mobile device(s) (30).

Processor(s) (50) may be located in retail environment
(2). Processor(s) (50) may be located remote from retail
environment (2). Processor(s) (50) may be collocated with
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robotic arm(s) (34) and/or mobile device(s) (30).
Processor(s) (50) are programmed to implement and/or
otherwise perform, at least in part, one or more of the
disclosed steps of method (1000), including, without limi-
tation, using system (1). Processor(s) (50) are capable of
carrying out multiple functions in system (1). Processor(s)
(50) include robotic arm control functionality (62). Proces-
sor(s) (50) include mobile device control functionality (58).
Processor(s) (50) include classification functionality (66).
Processor(s) (50) include teaching functionality (70). In an
example, classification (66) and/or teaching (70) function-
ality of processor(s) (50) are implemented and/or otherwise
performed, at least in part, in system (1) using an artificial
intelligence and/or machine learning scheme(s).

In an example, memory device(s) (54) store a non-
transient computer-readable medium (82). Non-transient
computer-readable medium (82) stores as software (86)
processor (50)-executable instructions for automatically
restocking the plurality of different items (18, 20, 22) in
retail store environment (2). In an example, processor (50)-
executable instructions stored as software (86) includes one
or more software modules (90). When executed by the
processor(s) (50) that are in communication with memory
device(s) (54), robotic arm(s) (34), and/or mobile device(s)
(30), the processor (50)-executable instructions cause the
one or more processors to implement and/or otherwise
perform, at least in part, one or more of the disclosed steps
of method (1000), including, without limitation, using sys-
tem (1).

In system (1), processor(s) (50), memory device(s) (54),
robotic arm(s) (34), and/or mobile device(s) (30) are in
communication with one another via, and communicate with
one another using signals (e.g., encoded data signals) sent
and/or received through, a network (45). Communication
among and between processor(s) (50), memory device(s)
(54), robotic arm(s) (34), and/or mobile device(s) (30) is
facilitated by transceivers (42, 48). In an example, system
(1) communication using network (45) includes wireless
communication equipment and protocols. In another
example, system (1) communication using network (45)
includes wired communication equipment and protocols. In
yet another example, system (1) communication using net-
work (45) includes a combination of wireless and wired
communication equipment and protocols. In an example,
system (1) communication includes wireless and/or wired
communication equipment and protocols for utilizing cloud-
based processing, storage, and/or communication resources.
In an example, system (1) communication utilizes the Inter-
net, including, without limitation, Internet of Things (IoT)
protocols, practices, and/or standards.

FIG. 5 is a block diagram of a data structure (702) of the
database (72) shown in the system (1) of FIG. 1 according
to an embodiment of the disclosure. FIG. 6 is a block
diagram of a software architecture for the method for
automatic restocking of different items shown in FIG. 2
according to an embodiment of the disclosure. Referring to
FIGS. 2, 5 and 6, method (1000) includes, for a first item
(18) of the plurality of different items (18, 20, 22), obtaining
(1002) and storing (1006) in a database (72) (and/or else-
where in memory device(s) (54)) at least one first item
parameter (102) uniquely identifying the first item (18). In
another example, first item parameter(s) (102) are obtained
by processor(s) (50) from an administrator (94) of system
(1). In embodiments for which the obtaining (1002) step is
implemented and/or otherwise performed by software (86),
processor(s) (50) execute processor (50)-executable instruc-
tions stored in an obtaining module (802). In an example,
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6

first item parameter(s) (102) are stored by processor(s) (50)
in data structure (702) and/or elsewhere in memory
device(s) (54). In embodiments for which the storing (1006)
step is implemented and/or otherwise performed by software
(86), the processor(s) (50) execute processor (50)-execut-
able instructions stored in a storing module (808). In an
example, first item parameter(s) (102) uniquely identify
physical attribute(s) of first item (18).

For the first item (18), method (1000) includes determin-
ing (1010), by processor(s) (50) in communication with
database (72) and based on the at least one first item
parameter (102), a first autonomous movement control
scheme (106) for manipulation of first item (18) by robotic
arm(s) (34) in communication with processor(s) (50). In an
example, first autonomous movement control scheme (106)
is determined by processor(s) (50) using robotic arm control
functionality (62). In embodiments for which the determin-
ing (1010) step is implemented and/or otherwise performed
by software (86), processor(s) (50) determine first autono-
mous movement control scheme (106) by executing proces-
sor (50)-executable instructions stored in a determining
module (812). In an example, first autonomous movement
control scheme (106) is stored by processor(s) (50) (e.g.,
using processor (50)-executable instructions stored in stor-
ing module (808)) in data structure (702) and/or elsewhere
in memory device(s) (54).

For the first item (18), method (1000) includes executing
(1014), by robotic arm(s) (34), the first autonomous move-
ment control scheme (106). The executing (1014) step
includes shelving (1018) the first item (18) on the at least
one shelf (14). In an example, robotic arm control function-
ality (62) of processor(s) (50) facilitates executing the first
autonomous movement control scheme (106) for the execut-
ing (1014) step. In embodiments for which the executing
(1014) step is implemented and/or otherwise performed by
software (86), processor(s) (50) execute first autonomous
movement control scheme (106) by executing processor
(50)-executable instructions stored in an executing module
(816). In an example, first autonomous movement control
scheme (106) is read by processor(s) (50) from data struc-
ture (702).

For the first item (18), method (1000) includes evaluating
(1022), by processor(s) (50) and/or user (6) of robotic arm(s)
(34), the evaluating (1022) step for the first item (18)
according to at least one predetermined first performance
criteria (110) stored in the database (72) and/or elsewhere in
memory device(s) (54). In an example, robotic arm control
(62), classification (66), and/or teaching (70) functionality of
processor(s) (50) facilitates evaluating the evaluating (1022)
step for the first item (18), including, without limitation, as
a part of artificial intelligence and/or machine learning
scheme(s). In an example, predetermined first performance
criteria (110) is read by processor(s) (50) from data structure
(702). In embodiments for which the evaluating (1022) step
is implemented and/or otherwise performed by software
(86), the processor(s) (50) execute processor (50)-execut-
able instructions stored in an evaluating module (820).

For the first item (18), method (1000) includes determin-
ing (1026) and storing (1030) in the database (72) (and/or
elsewhere in memory device(s) (54)), by the processor(s)
(50) and based on a result of the evaluating (1022), an
updated first autonomous movement control scheme (114)
for subsequent executing (1034) by the robotic arm(s) (34)
for the first item (18). In an example, robotic arm control
(62), classification (66), and/or teaching (70) functionality of
processor(s) (50) facilitates determining (1026) updated first
autonomous movement control scheme (114), including,
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without limitation, as a part of artificial intelligence and/or
machine learning scheme(s). In embodiments for which the
determining (1026) step is implemented and/or otherwise
performed by software (86), processor(s) (50) execute pro-
cessor (50)-executable instructions stored in a determining
module (824). In an example, updated first autonomous
movement control scheme (114) is stored by processor(s)
(50) in data structure (702) and/or elsewhere in memory
device(s) (54). In embodiments for which the storing (1030)
step is implemented and/or otherwise performed by software
(86), the processor(s) (50) execute processor (50)-execut-
able instructions stored in a storing module (828).

In an example, method (1000) includes iterating (1102),
for at least one iteration including the subsequent executing
(1034) step, the executing (1014) step for the first item(s)
(18). In the example, the iterating (1102) step includes
correcting a first and/or prior performance of the executing
(1034) and/or shelving (1018) step(s) for the same and/or
additional first item(s) (18). This correcting utilizes correc-
tive and/or updated data acquired by processor(s) (50)
and/or stored in memory device(s) (50) during a prior
performance and/or prior iteration of any of the above-
described obtaining (1002), storing (1006), determining
(1010), executing (1014), shelving (1018), evaluating
(1022), determining (1026), storing (1030), subsequent
executing (1034), and iterating (1102) step(s) of method
(1000). For example, and without limitation, in a first and/or
prior performance of the evaluating (1022) step, a first item
(18) was shelved (1018) on shelf (14) with a position on
shelf (14) that deviated from a predetermined first perfor-
mance criteria (110) related to shelving position. In an
example, the next iteration of the executing (1034) and/or
shelving (1018) step(s) applies at least one correction factor
to facilitate additional first item(s) (18) being shelved on
shelf (14) in respective position(s) (e.g., available
position(s) (16)) satistying the predetermined first perfor-
mance criteria (110) related to shelving position. In another
example, the next iteration(s) of the executing (1034) and/or
shelving (1018) step(s) applies correction factor(s) to facili-
tate adjusting the position of the prior-positioned same
shelved first item (18) such that the resultant position of first
item (18) on shelf (14) approaches or fully complies with the
predetermined first performance criteria (110) related to
shelving position. For the iteration(s) (e.g., 1st, 2nd, . . .
(n-1)-th, and n-th iteration(s)), processor(s) (50) read from
memory device(s) (50) and utilize correction factor(s) and/or
updated first autonomous movement control scheme(s)
(114) for the subsequent executing (1034) by the robotic
arm(s) (34) for the first item(s) (18). Mobile device control
(58), classification (66), and/or teaching (70) functionality of
processor(s) (50) facilitates one or more aspects of the
iterating (1102) step described above, including, without
limitation, as a part of artificial intelligence and/or machine
learning scheme(s). In embodiments for which the iterating
(1102) step is implemented and/or otherwise performed by
software (86), processor(s) (50) execute processor (50)-
executable instructions stored in one or more software (86)
modules (90), including module(s) (90) in addition to those
examples illustrated in FIG. 6.

In an embodiment, method (1000) includes, for a second
item (20) of the plurality of different items (18, 20, 22),
obtaining (1038) and storing (1042) in database (72) (and/or
elsewhere in memory device(s) (54)) at least one second
item parameter (122) uniquely identifying the second item
(20) from at least the first item (18). In an example, second
item parameter(s) (122) are obtained by processor(s) (50)
from memory device(s) (54). In another example, second
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item parameter(s) (122) are obtained by processor(s) (50)
from administrator (94). In embodiments for which the
obtaining (1038) step is implemented and/or otherwise per-
formed by software (86), processor(s) (50) execute proces-
sor (50)-executable instructions stored in an obtaining mod-
ule (830). In an example, second item parameter(s) (122) are
stored by processor(s) (50) in data structure (702) and/or
elsewhere in memory device(s) (54). In embodiments for
which the storing (1042) step is implemented and/or other-
wise performed by software (86), the processor(s) (50)
execute processor (50)-executable instructions stored in a
storing module (834). In an example, second item
parameter(s) (122) uniquely identify physical attribute(s) of
second item (20).

For the second item (20), method (1000) includes deter-
mining (1046), by processor(s) (50) in communication with
database (72) and based on the at least one second item
parameter (122), a second autonomous movement control
scheme (126) for manipulation of second item (20) by
robotic arm(s) (34) in communication with processor(s)
(50). In an example, second autonomous movement control
scheme (126) is determined by processor(s) (50) using
robotic arm control functionality (62). In embodiments for
which the determining (1046) step is implemented and/or
otherwise performed by software (86), processor(s) (50)
determine second autonomous movement control scheme
(126) by executing processor (50)-executable instructions
stored in a determining module (838). In an example, second
autonomous movement control scheme (126) is stored by
processor(s) (50) (e.g., using processor (50)-executable
instructions stored in storing module (834)) in data structure
(702) and/or elsewhere in memory device(s) (54).

For the second item (20), method (1000) includes execut-
ing (1050), by robotic arm(s) (34), the second autonomous
movement control scheme (126). The executing (1050) step
includes shelving (1054) the second item (20) on the at least
one shelf (14). In an example, robotic arm control function-
ality (62) of processor(s) (50) facilitates executing the
second autonomous movement control scheme (126) for the
executing (1050) step. In embodiments for which the
executing (1050) step is implemented and/or otherwise
performed by software (86), processor(s) (50) execute sec-
ond autonomous movement control scheme (126) by execut-
ing processor (50)-executable instructions stored in an
executing module (842). In an example, second autonomous
movement control scheme (126) is read by processor(s) (50)
from data structure (702).

For the second item (20), method (1000) includes evalu-
ating (1058), by processor(s) (50) and/or user (6) of robotic
arm(s) (34), the executing (1050) step for the second item
(20) according to at least one predetermined second perfor-
mance criteria (130) stored in the database (72) and/or
elsewhere in memory device(s) (54). In an example, robotic
arm control (62), classification (66), and/or teaching (70)
functionality of processor(s) (50) facilitates evaluating the
executing (1050) step for the second item (20), including,
without limitation, as a part of artificial intelligence and/or
machine learning scheme(s). In an example, predetermined
second performance criteria (130) is read by processor(s)
(50) from data structure (702). In embodiments for which
the evaluating (1058) step is implemented and/or otherwise
performed by software (86), the processor(s) (50) execute
processor (50)-executable instructions stored in an evaluat-
ing module (846).

For the second item (20), method (1000) includes deter-
mining (1062) and storing (1066) in the database (72)
(and/or elsewhere in memory device(s) (54)), by the pro-
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cessor(s) (50) and based on a result of the evaluating (1058),
an updated second autonomous movement control scheme
(134) for subsequent executing (1070) by the robotic arm(s)
(34) for the second item (20). In an example, robotic arm
control (62), classification (66), and/or teaching (70) func-
tionality of processor(s) (50) facilitates determining (1062)
updated second autonomous movement control scheme
(134), including, without limitation, as a part of artificial
intelligence and/or machine learning scheme(s). In embodi-
ments for which the determining (1062) step is implemented
and/or otherwise performed by software (86), processor(s)
(50) execute processor (50)-executable instructions stored in
a determining module (850). In an example, updated second
autonomous movement control scheme (134) is stored by
processor(s) (50) in data structure (702) and/or elsewhere in
memory device(s) (54). In embodiments for which the
storing (1066) step is implemented and/or otherwise per-
formed by software (86), the processor(s) (50) execute
processor (50)-executable instructions stored in a storing
module (852).

In an example, method (1000) includes iterating (1202),
for at least one iteration including the subsequent executing
(1070) step, the executing (1050) step for the second item(s)
(20). In the example, the iterating (1202) step includes
correcting a first and/or prior performance of the executing
(1070) and/or shelving (1054) step(s) for the same and/or
additional second item(s) (20). This correcting utilizes cor-
rective and/or updated data acquired by processor(s) (50)
and/or stored in memory device(s) (50) during a prior
performance and/or prior iteration of any of the above-
described obtaining (1038), storing (1042), determining
(1046), executing (1050), shelving (1054), evaluating
(1058), determining (1062), storing (1066), subsequent
executing (1070), and iterating (1202) step(s) of method
(1000). For example, and without limitation, in a first and/or
prior performance of the evaluating (1058) step, a second
item (20) was shelved (1054) on shelf (14) with a position
on shelf (14) that deviated from a predetermined second
performance criteria (130) related to shelving position. In an
example, the next iteration of the executing (1050) and/or
shelving (1054) step(s) applies at least one correction factor
to facilitate additional second item(s) (20) being shelved on
shelf (14) in respective position(s) (e.g., available
position(s) (16)) satisfying the predetermined second per-
formance criteria (130) related to shelving position. In
another example, the next iteration(s) of the executing
(1050) and/or shelving (1054) step(s) applies correction
factor(s) to facilitate adjusting the position of the prior-
positioned same shelved second item (20) such that the
resultant position of second item (20) on shelf (14)
approaches or fully complies with the predetermined second
performance criteria (130) related to shelving position. For
the iteration(s) (e.g., 1lst, 2nd, . . . (n-1)-th, and n-th
iteration(s)), processor(s) (50) utilize correction factor(s)
and/or updated second autonomous movement control
scheme(s) (134) for the subsequent executing (1070) by the
robotic arm(s) (34) for the second item(s) (20). Mobile
device control (58), classification (66), and/or teaching (70)
functionality of processor(s) (50) facilitates one or more
aspects of the iterating (1202) step described above, includ-
ing, without limitation, as a part of artificial intelligence
and/or machine learning scheme(s). In embodiments for
which the iterating (1202) step is implemented and/or oth-
erwise performed by software (86), processor(s) (50)
execute processor (50)-executable instructions stored in one
or more software (86) modules (90), including module(s)
(90) in addition to those examples illustrated in FIG. 6.
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FIGS. 7-9 are flow charts of aspects of the method (1000)
for automatic restocking of different items (18, 20, 22)
shown in FIG. 2 according to embodiments of the disclo-
sure. Referring to FIG. 7, in an embodiment, method (1000)
includes for a third item (22) of the plurality of different
items (18, 20, 22), sensing (1204), by at least one sensor (38)
in communication with the processor (50), the at least one
third item parameter (138). In an example, the sensing
(1204) is implemented and/or otherwise performed, at least
in part, in the absence of at least one third item parameter
(138) uniquely identifying third item (22) from at least one
of: the at least the first item (18), and at least the second item
(20), being stored in the database (72) and/or elsewhere in
memory device(s) (54). In an example, robotic arm control
(62), classification (66), and/or teaching (70) functionality of
processor(s) (50) facilitates sensing third item parameter(s)
(138) for third item (22), including, without limitation, as a
part of artificial intelligence and/or machine learning
scheme(s). In an example, third item parameter(s) (138) are
sensed by processor(s) (50) using sensor(s) (38) and third
item parameter(s) (138) wuniquely identify physical
attribute(s) of third item (22) in similar fashion as discussed
above with reference to first (18) and second (20) items. In
embodiments for which the sensing (1204) step is imple-
mented and/or otherwise performed by software (86), pro-
cessor(s) (50) execute processor (50)-executable instruc-
tions stored in a sensing module (854).

For the third item (22), method (1000) includes storing
(1208), by the processor(s) (50), third item parameter(s) in
the database (72) and/or elsewhere in memory device(s)
(54). In an example, third item parameter(s) are stored by
processor(s) (50) in data structure (702) and/or elsewhere in
memory devices (54). In embodiments for which the storing
(1208) step is implemented and/or otherwise performed by
software (86), the processor(s) (50) execute processor (50)-
executable instructions stored in a storing module (858). In
an example, sensed and stored third item parameter(s)
uniquely identify physical attribute(s) of third item (22) such
as a shape, a weight, a height, a width, and/or a length.

For the third item (22), method (1000) includes determin-
ing (1212), by processor(s) (50) in communication with
database (72) and based on the at least one third item
parameter (138), a third autonomous movement control
scheme for manipulation of third item (22) by robotic arm(s)
(34) in communication with processor(s) (50). In an
example, third autonomous movement control scheme is
determined by processor(s) (50) using robotic arm control
functionality (62). In embodiments for which the determin-
ing (1212) step is implemented and/or otherwise performed
by software (86), processor(s) (50) determine third autono-
mous movement control scheme by executing processor
(50)-executable instructions stored in a determining module
(862). In an example, third autonomous movement control
scheme is stored by processor(s) (50) (e.g., using processor
(50)-executable instructions stored in storing module (858))
in data structure (702) and/or elsewhere in memory
device(s) (54).

For the third item (22), method (1000) includes executing
(1216), by robotic arm(s) (34), the third autonomous move-
ment control scheme. The executing (1216) step includes
shelving (1220) the third item (22) on the at least one shelf
(14). In an example, robotic arm control functionality (62) of
processor(s) (50) facilitates executing the third autonomous
movement control scheme for the executing (1216) step. In
embodiments for which the executing (1216) step is imple-
mented and/or otherwise performed by software (86), pro-
cessor(s) (50) execute third autonomous movement control
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scheme by executing processor (50)-executable instructions
stored in an executing module (864). In an example, third
autonomous movement control scheme is read by
processor(s) (50) from data structure (702).

For the third item (22), method (1000) includes evaluating
(1224), by processor(s) (50) and/or user (6) of robotic arm(s)
(34), the executing (1216) step for the third item (22)
according to at least one predetermined third performance
criteria stored in database (72) and/or elsewhere in memory
device(s) (54). In an example, robotic arm control (62),
classification (66), and/or teaching (70) functionality of
processor(s) (50) facilitates evaluating the executing (1216)
step for the third item (22), including, without limitation, as
a part of artificial intelligence and/or machine learning
scheme(s). In an example, predetermined third performance
criteria is read by processor(s) (50) from data structure
(702). In embodiments for which the evaluating (1224) step
is implemented and/or otherwise performed by software
(86), the processor(s) (50) execute processor (50)-execut-
able instructions stored in an evaluating module (870).

For the third item (22), method (1000) includes determin-
ing (1228) and storing (1232) in the database (72) (and/or
elsewhere in memory device(s) (54)), by the processor(s)
(50) and based on a result of the evaluating (1224), an
updated third autonomous movement control scheme for
subsequent executing (1236) by the robotic arm(s) (34) for
the third item (22). In an example, robotic arm control (62),
classification (66), and/or teaching (70) functionality of
processor(s) (50) facilitates determining (1228) updated
third autonomous movement control scheme, including,
without limitation, as a part of artificial intelligence and/or
machine learning scheme(s). In embodiments for which the
determining (1228) step is implemented and/or otherwise
performed by software (86), processor(s) (50) execute pro-
cessor (50)-executable instructions stored in a determining
module (874). In an example, updated third autonomous
movement control scheme is stored by processor(s) (50) in
data structure (702) and/or elsewhere in memory device(s)
(54). In embodiments for which the storing (1232) step is
implemented and/or otherwise performed by software (86),
the processor(s) (50) execute processor (50)-executable
instructions stored in a storing module (878).

In an example, method (1000) includes iterating (1302),
for at least one iteration including the subsequent executing
(1236) step, the executing (1216) step for the third item(s)
(22). In the example, the iterating (1302) step includes
correcting a first and/or prior performance of the executing
(1216) and/or shelving (1220) step(s) for the same and/or
additional third item(s) (22). This correcting utilizes correc-
tive and/or updated data acquired by processor(s) (50)
and/or stored in memory device(s) (50) during a prior
performance and/or prior iteration of any of the above-
described sensing (1204), storing (1208), determining
(1212), executing (1216), shelving (1220), evaluating
(1224), determining (1228), storing (1232), subsequent
executing (1236), and iterating (1302) step(s) of method
(1000). For example, and without limitation, in a first and/or
prior performance of the evaluating (1224) step, a third item
(22) was shelved (1220) on shelf (14) with a position on
shelf (14) that deviated from a predetermined third perfor-
mance criteria related to shelving position. In an example,
the next iteration of the executing (1216) and/or shelving
(1220) step(s) applies at least one correction factor to
facilitate additional third item(s) (22) being shelved on shelf
(14) in respective position(s) (e.g., available position(s)
(16)) satisfying the predetermined third performance criteria
related to shelving position. In another example, the next
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iteration(s) of the executing (1216) and/or shelving (1220)
step(s) applies correction factor(s) to facilitate adjusting the
position of the prior-positioned same shelved third item (22)
such that the resultant position of third item (22) on shelf
(14) approaches or fully complies with the predetermined
third performance criteria related to shelving position. For
the iteration(s) (e.g., 1lst, 2nd, . . . (n-1)-th, and n-th
iteration(s)), processor(s) (50) utilize correction factor(s)
and/or updated third autonomous movement control
scheme(s) for the subsequent executing (1236) by the
robotic arm(s) (34) for the third item(s) (22). Mobile device
control (58), classification (66), and/or teaching (70) func-
tionality of processor(s) (50) facilitates one or more aspects
of the iterating (1302) step described above, including,
without limitation, as a part of artificial intelligence and/or
machine learning scheme(s). In embodiments for which the
iterating (1302) step is implemented and/or otherwise per-
formed by software (86), processor(s) (50) execute proces-
sor (50)-executable instructions stored in one or more soft-
ware (86) modules (90), including module(s) (90) in
addition to those examples illustrated in FIG. 6.

Referring to FIG. 8, in an embodiment, the shelving
(1018, 1054, and/or 1220) step(s) of method (1000) includes
sensing (1402), by sensor(s) (38) in communication with
processor(s) (50), one or more available positions (16) on
the at least one shelf (14). In an example, robotic arm control
(62), classification (66), and/or teaching (70) functionality of
processor(s) (50) facilitates sensing available position(s)
(16) on the at least one shelf (14), including, without
limitation, as a part of artificial intelligence and/or machine
learning scheme(s). In an example, available position(s) (16)
are sensed by processor(s) (50) using sensor(s) (38) and data
representative of available position(s) (16) are stored by
processor(s) (50) in the database (72) and/or elsewhere in
memory device(s) (54). In embodiments for which the
sensing (1402) step is implemented and/or otherwise per-
formed by software (86), processor(s) (50) execute proces-
sor (50)-executable instructions stored in a sensing module
(882).

The shelving (1018, 1054, and/or 1220) step(s) of method
(1000) includes positioning (1404), by the robotic arm(s)
(34), the first item (18) on the at least one shelf (14) based
on the sensed one or more available positions (16). In an
example, robotic arm control (62) functionality of
processor(s) (50) facilitates positioning first item (18) on the
at least one shelf (14). In an example, processor(s) (50)
determine and store as-positioned shelf (14) locations of
positioned first item(s) (18) in database (72) and/or else-
where in memory device(s) (54). In embodiments for which
the positioning step (1404) is implemented and/or otherwise
performed by software (86), processor(s) (50) execute pro-
cessor (50)-executable instructions stored in a positioning
module (884).

Referring to FIG. 9, in an embodiment of system (1)
where robotic arm(s) (34) is/are mounted to mobile
device(s) (30), method (1000) includes navigating (1502),
by the processor(s) (50), mobile device(s) (30) about retail
store environment (2). In an example, processor(s) (50)
utilize data acquired from sensor(s) (38) to facilitate navi-
gating mobile device(s) (30), and data representative of
spatial characteristics of environment (2) are stored by
processor(s) (50) in the database (72) and/or elsewhere in
memory device(s) (54). In an example, mobile device con-
trol (58), classification (66), and/or teaching (70) function-
ality of processor(s) (50) facilitates navigating (1502)
mobile device(s) (30) about retail store environment (2),
including, without limitation, as a part of artificial intelli-
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gence and/or machine learning scheme(s). In embodiments
for which the navigating (1502) step is implemented and/or
otherwise performed by software (86), processor(s) (50)
execute processor (50)-executable instructions stored in a
navigating module (886).

In the embodiment, method (1000) includes retrieving
(1506) the plurality of different items (18, 20, 22) from
delivery location (40). In an example, processor(s) (50)
utilize robotic arm(s) (34) to facilitate retrieving items (18,
20, 22) from delivery location (40). In an example, mobile
device control (58), robotic arm control (62), classification
(66), and/or teaching (70) functionality of processor(s) (50)
facilitates retrieving (1506) items (18, 20, 22) from delivery
location (40), including, without limitation, as a part of
artificial intelligence and/or machine learning scheme(s). In
embodiments for which the retrieving (1506) step is imple-
mented and/or otherwise performed by software (86), pro-
cessor(s) (50) execute processor (50)-executable instruc-
tions stored in a retrieving module (888).

In the embodiment, method (1000) includes delivering
(1510) the plurality of different items (18, 20, 22) to POS
locations (8) for the executing (1014, 1050, and/or 1216)
step(s) of method (1000). In an example, processor(s) (50)
utilize mobile device(s) (30), hitch(es) (51), trailer(s) (59),
and/or robotic arm(s) (34) to facilitate delivering items (18,
20, 22) to POS locations (8). In an example, mobile device
control (58), robotic arm control (62), classification (66),
and/or teaching (70) functionality of processor(s) (50) facili-
tates delivering (1510) items (18, 20, 22) to POS locations
(8), including, without limitation, as a part of artificial
intelligence and/or machine learning scheme(s). In embodi-
ments for which the delivering (1510) step is implemented
and/or otherwise performed by software (86), processor(s)
(50) execute processor (50)-executable instructions stored in
a delivering module (890).

In an example, the navigating (1502) step of method
(1000) includes sensing (1512), by sensor(s) (38) in com-
munication with processor(s) (50), obstacles (52) present in
retail store environment (2). Obstacle(s) (52) present in retail
store environment (2) include user(s) (6) and/or people such
as shoppers and store employees, other robotic arm(s) (34)
and/or mobile device(s) (30), shelves (14), and the like.
Obstacle(s) (52) include obstacles (52) positioned on a floor
(56) of aisle(s) (10). In an example, processor(s) (50) utilize
data acquired from sensors (38) to facilitate sensing (1512)
obstacle(s) (52), and data representative of spatial charac-
teristics of obstacles (52) are stored by processor(s) (50) in
the database (72) and/or elsewhere in memory device(s)
(54). In an example, mobile device control (58), robotic arm
control (62), classification (66), and/or teaching (70) func-
tionality of processor(s) (50) facilitates sensing (1512)
obstacle(s) (52), including, without limitation, as a part of
artificial intelligence and/or machine learning scheme(s). In
embodiments for which the sensing (1512) step is imple-
mented and/or otherwise performed by software (86), pro-
cessor(s) (50) execute processor (50)-executable instruc-
tions stored in a sensing module (892).

In the example, the navigating (1502) step of method
(1000) includes avoiding (1516), by the mobile device (30)
and/or robotic arm(s) (34) in communication with
processor(s) (50), the sensed obstacles (52) present in retail
store environment (2). In an example, processor(s) (50) read
(e.g., from database (72) and/or elsewhere in memory
device(s) (54)) the data acquired from sensors (38) in the
sensing (1512) step to facilitate avoiding (1516) obstacle(s)
(52). In an example, mobile device control (58), robotic arm
control (62), classification (66), and/or teaching (70) func-
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tionality of processor(s) (50) facilitates avoiding (1516)
obstacle(s) (52), including, without limitation, as a part of
artificial intelligence and/or machine learning scheme(s). In
embodiments for which the avoiding (1516) step is imple-
mented and/or otherwise performed by software (86), pro-
cessor(s) (50) execute processor (50)-executable instruc-
tions stored in an avoiding module (894).

In an example, the retrieving (1506) step of method
(1000) includes sensing (1520), by sensor(s) (38) in com-
munication with processor(s) (50), as-delivered position(s)
(46) of the one or more the plurality of different items (18,
20, 22) in the delivery location (40). In an example, pro-
cessor(s) (50) utilize data acquired from sensors (38) to
facilitate sensing (1520) as-delivered position(s) (46), and
data representative of spatial characteristics of as-delivered
position(s) (46) are stored by processor(s) (50) in the data-
base (72) and/or elsewhere in memory device(s) (54). In an
example, mobile device control (58), robotic arm control
(62), classification (66), and/or teaching (70) functionality of
processor(s) (50) facilitates sensing (1520) as-delivered
position(s) (46), including, without limitation, as a part of
artificial intelligence and/or machine learning scheme(s). In
embodiments for which the sensing (1520) step is imple-
mented and/or otherwise performed by software (86), pro-
cessor(s) (50) execute processor (50)-executable instruc-
tions stored in a sensing module (896).

In the example, the navigating (1502) step of method
(1000) includes moving (1524), by robotic arm(s) (34), one
or more the plurality of different items (18, 20, 22) from the
sensed as-delivered positions (46) to one or more interme-
diate position(s) (44) for the delivering (1510) step. As
shown in FIG. 3, intermediate position(s) (44) include, for
example and without limitation, position(s) on trailer(s)
(59), position(s) on floor (56), and position(s) on (e.g., being
held by) robotic arm(s) (34). In an example, processor(s)
(50) read (e.g., from database (72) and/or elsewhere in
memory device(s) (54)) the data acquired from sensor(s)
(38) in the sensing (1512) step to facilitate moving (1524)
item(s) (18, 20, 22) to intermediate position(s) (44). In an
example, mobile device control (58), robotic arm control
(62), classification (66), and/or teaching (70) functionality of
processor(s) (50) facilitates moving (1524) item(s) (18, 20,
22) to intermediate position(s) (44), including, without limi-
tation, as a part of artificial intelligence and/or machine
learning scheme(s). In embodiments for which the moving
(1524) step is implemented and/or otherwise performed by
software (86), processor(s) (50) execute processor (50)-
executable instructions stored in an moving module (898).

Embodiments of the above-described robotic manipula-
tion intelligence systems and methods for automatic restock-
ing of items in retail store environments provide users a
number of beneficial technical effects and realize various
advantages as compared to known robotic restocking sys-
tems and methods. Such benefits include, without limitation,
being more efficient in use of computing resources, network
bandwidth, and memory storage capacity, providing less
expensive and more user friendly installation, operation, and
maintenance, consuming less power, being safer and less
intrusive to users, shoppers, and employees in retail store
and other use environments, allowing use with a number of
different items, packaging configurations, delivery modali-
ties, and POS configurations, being interoperable with vari-
ous extant store equipment, and having the ability to utilize
a number of data communication protocols.

Various embodiments disclosed herein are to be taken in
the illustrative and explanatory sense, and should in no way
be construed as limiting of the present disclosure.
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While aspects of the present disclosure have been par-
ticularly shown and described with reference to the embodi-
ments above, it will be understood by those skilled in the art
that various additional embodiments may be contemplated
by the modification of the disclosed devices, systems, and
methods without departing from the spirit and scope of what
is disclosed. Such embodiments should be understood to fall
within the scope of the present disclosure as determined
based upon the claims and any equivalents thereof.

We claim:

1. A method for automatic restocking a plurality of
different items in a retail store environment having point of
sale (POS) locations for the plurality of different items
including at least one shelf positioned adjacent to at least one
aisle, the method comprising:

for a first item of the plurality of different items:

storing in a database at least one first item parameter
uniquely identifying the first item;
determining, by a processor in communication with the
database and based on the at least one first item
parameter, a first autonomous movement control
scheme for manipulation of the first item by a robotic
arm in communication with the processor;
executing, by the robotic arm, the first autonomous
movement control scheme, wherein the executing
includes shelving the first item on the at least one
shelf;
evaluating, by at least one of: the processor, and a user
of the robotic arm, the executing for the first item
according to at least one predetermined first perfor-
mance criteria stored in the database, the at least one
predetermined first performance criteria comprising
a position of the first item on the at least one shelf;
and
determining and storing in the database, by the proces-
sor and based on a result of the evaluating, an
updated first autonomous movement control scheme
for subsequent executing by the robotic arm for the
first item, wherein the subsequent executing includes
shelving the first item on the at least one shelf,
wherein the at least one first item parameter uniquely
identifies at least one physical attribute of the first item,
the at least one physical attribute comprising a shape,
a weight, a height, and/or a length of the first item.
2. The method of claim 1, further comprising:
for a second item of the plurality of different items:
storing in the database at least one second item param-
eter uniquely identifying the second item from at
least the first item;
determining, by the processor and based on the at least
one second item parameter, a second autonomous
movement control scheme for manipulation of the
second item by the robotic arm;
executing, by the robotic arm, the second autonomous
movement control scheme, wherein the executing
includes shelving the second item on the at least one
shelf;
evaluating, by at least one of: the processor, and the
user, the executing for the second item according to
at least one predetermined second performance cri-
teria stored in the database; and
determining and storing, by the processor and based on
a result of the evaluating, an updated second autono-
mous movement control scheme for subsequent
executing by the robotic arm.
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3. The method of claim 2, wherein the at least one second
item parameter uniquely identifies at least one physical
attribute of the second item.

4. The method of claim 2, further comprising:

for a third item of the plurality of different items and in the

absence of at least one third item parameter uniquely

identifying the third item from at least one of: the at

least the first item, and at least the second item, being

stored in the database:

sensing, by at least one sensor in communication with
the processor, the at least one third item parameter;

storing, by the processor, the at least one third item
parameter in the database;

determining, by the processor and based on the at least
one third item parameter, a third autonomous move-
ment control scheme for manipulation of the third
item by the robotic arm;

executing, by the robotic arm, the third autonomous
movement control scheme, wherein the executing
includes shelving the third item on the at least one
shelf;

evaluating, by at least one of: the processor, and the
user, the executing for the third item according to at
least one predetermined third performance criteria
stored in the database; and

determining and storing in the database, by the proces-
sor and based on the evaluating, an updated third
autonomous movement control scheme for subse-
quent executing by the robotic arm.

5. The method of claim 1, wherein the shelving includes:

sensing, by at least one sensor in communication with the

processor, one or more available positions on the at
least one shelf; and

positioning, by the robotic arm, the first item on the at

least one shelf based on the sensed one or more
available positions.

6. The method of claim 1, wherein the retail store envi-
ronment includes a delivery location, wherein the robotic
arm is mounted to a mobile device, and wherein the method
further includes:

navigating the mobile device about the retail store envi-

ronment;

retrieving the plurality of different items from the delivery

location; and

delivering the plurality of different items to the POS

locations for the executing.

7. The method of claim 6, wherein the navigating
includes:

sensing, by at least one sensor in communication with the

processor, obstacles present in the retail store environ-
ment;

avoiding, by the mobile device, the sensed obstacles,

wherein the obstacles include obstacles positioned on a

floor of the at least one aisle.

8. The method of claim 6, wherein the retrieving includes:

sensing, by at least one sensor in communication with the

processor, one or more as-delivered positions of the
first item in the delivery location; and

moving, by the robotic arm, the first item from the sensed

one or more as-delivered positions to an intermediate
position for the delivering.

9. A system for automatic restocking a plurality of dif-
ferent items in a retail store environment having point of sale
(POS) locations for the plurality of different items including
at least one shelf positioned adjacent to at least one aisle, the
system comprising:
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at least one robotic arm;
one or more processors in communication with the at least
one robotic arm;
one or more memory devices in communication with the
one or more processors, wherein the one or more
memory devices include a database stored therein, and
wherein the one or more processors are programmed to,
for a first item of the plurality of different items:
store at least one first item parameter uniquely identi-
fying the first item in the database;
determine, based on the at least one first item param-
eter, a first autonomous movement control scheme
for manipulation of the first item by the at least one
robotic arm;
execute, by the at least one robotic arm, the first
autonomous movement control scheme, wherein, for
executing the first autonomous movement control
scheme, the one or more processors are further
programmed to shelve the first item on the at least
one shelf;
evaluate the execution of the first autonomous move-
ment control scheme for the first item according to at
least one predetermined first performance criteria
stored in the database, the at least one predetermined
first performance criteria comprising a position of
the first item on the at least one shelf; and
determine and store in the database, based on a result
of the evaluation of the execution of the first autono-
mous movement control scheme, an updated first
autonomous movement control scheme for at least
one subsequent execution by the at least one robotic
arm for the first item, wherein, for the at least one
subsequent execution of the updated first autono-
mous movement control scheme, the one or more
processors are further programmed to shelve the first
item on the at least one shelf,
wherein the at least one first item parameter uniquely
identifies at least one physical attribute of the first item,
the at least one physical attribute comprising a shape,
a weight, a height, and/or a length of the first item.
10. The system of claim 9, wherein the one or more
processors are further programmed to, for a second item of
the plurality of different items:
store at least one second item parameter uniquely
identifying the second item from at least the first
item in the database;
determine, based on the at least one second item
parameter, a second autonomous movement control
scheme for manipulation of the second item by the at
least one robotic arm;
execute, by the at least one robotic arm, the second
autonomous movement control scheme, wherein, for
executing the second autonomous movement control
scheme, the one or more processors are further
programmed to shelve the second item on the at least
one shelf;
evaluate the execution of the second autonomous
movement control scheme for the second item
according to at least one predetermined second per-
formance criteria stored in the database; and
determine and store in the database, based on a result
of the evaluation of the execution of the second
autonomous movement control scheme, an updated
second autonomous movement control scheme for at
least one subsequent execution by the at least one
robotic arm for the second item.
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11. The system of claim 10, wherein the at least one
second item parameter uniquely identifies at least one physi-
cal attribute of the second item.

12. The system of claim 10, further comprising at least
one sensor in communication with the one or more proces-
sors, wherein the one or more processors are further pro-
grammed to,

for a third item of the plurality of different items and in the

absence of at least one third item parameter uniquely

identifying the third item from at least one of: the at

least the first item, and at least the second item, being

stored in the database:

sense, by the at least one sensor, the at least one third
item parameter;

store the at least one third item parameter in the
database;

determine, based on the at least one third item param-
eter, a third autonomous movement control scheme
for manipulation of the third item by the at least one
robotic arm;

execute, by the at least one robotic arm, the third
autonomous movement control scheme, wherein, for
executing the third autonomous movement control
scheme, the one or more processors are further
programmed to shelve the third item on the at least
one shelf;

evaluate the execution of the third autonomous move-
ment control scheme according to at least one pre-
determined third performance criteria stored in the
database; and

determine and store in the database, based on a result
of the evaluation of the execution of the third autono-
mous movement control scheme, an updated third
autonomous movement control scheme for at least
one subsequent execution by the at least one robotic
arm for the third item.

13. The system of claim 9, further comprising at least one
sensor in communication with the one or more processors,
wherein, for shelving the first item on the at least one shelf,
and wherein the one or more processors are further pro-
grammed to:

sense, by the at least one sensor, one or more available

positions on the at least one shelf; and

position, by the at least one robotic arm, the first item on

the at least one shelf based on the sensed one or more
available positions.

14. The system of claim 9, wherein the retail store
environment includes a delivery location, wherein the sys-
tem further comprises at least one mobile device, wherein
the at least one robotic arm is mounted to the at least one
mobile device, and wherein the one or more processors are
further programmed to:

navigate the mobile device about the retail store environ-

ment;

retrieve the plurality of different items from the delivery

location; and

deliver the plurality of different items to the POS locations

for executing the first autonomous movement control
scheme by the at least one robotic arm.

15. The system of claim 14, further comprising at least
one sensor in communication with the one or more proces-
sors, wherein, for navigating the mobile device in the retail
store environment, the one or more processors are further
programmed to:

sense, by the at least one sensor, obstacles present in the

retail store environment; and

avoid, by the mobile device, the sensed obstacles,
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wherein the obstacles include obstacles positioned on a

floor of the at least one aisle.
16. The system of claim 14, further comprising at least
one sensor in communication with the one or more proces-
sors, wherein, for retrieving the plurality of different items
from the delivery location, the one or more processors are
further programmed to:
sense, by the at least one sensor, one or more as-delivered
positions of the first item in the delivery location; and

move, by the robotic arm, the first item from the sensed
one or more as-delivered positions to an intermediate
position for delivering the first item to the POS loca-
tions.

17. A non-transient computer-readable medium storing as
software processor-executable instructions for automatically
restocking a plurality of different items in a retail store
environment having point of sale (POS) locations for the
plurality of different items including at least one shelf
positioned adjacent to at least one aisle, wherein, when
executed by one or more processors in communication with
a database, the processor-executable instructions cause the
one or more processors to,

for a first item of the plurality of different items:

obtain and store at least one first item parameter
uniquely identifying the first item in the database;

determine, based on the at least one first item param-
eter, a first autonomous movement control scheme
for manipulation of the first item by a robotic arm in
communication with the one or more processors;

execute, by the robotic arm, the first autonomous
movement control scheme, wherein, for executing
the first autonomous movement control scheme, the
processor-executable instructions further cause the
one or more processors to shelve the first item on the
at least one shelf;

evaluate the execution of the first autonomous move-
ment control scheme for the first item according to at
least one predetermined first performance criteria
stored in the database, the at least one predetermined
first performance criteria comprising a position of
the first item on the at least one shelf; and

determine and store in the database, based on a result
of the evaluation of the execution of the first autono-
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mous movement control scheme, an updated first
autonomous movement control scheme for at least
one subsequent execution by the robotic arm for the
first item, wherein, for the at least one subsequent
execution of the updated first autonomous movement
control scheme, the processor-executable instruc-
tions further cause the one or more processors to
shelve the first item on the at least one shelf,
wherein the at least one first item parameter uniquely
identifies at least one physical attribute of the first item,
the at least one physical attribute comprising a shape,
a weight, a height, and/or a length of the first item.
18. The non-transient computer-readable medium of
claim 17, wherein, when executed by the one or more
processors, the processor-executable instructions further
cause the one or more processors to,
for a second item of the plurality of different items:
obtain and store at least one second item parameter
uniquely identifying the second item from at least the
first item in the database;
determine, based on the at least one second item
parameter, a second autonomous movement control
scheme for manipulation of the second item by the
robotic arm;
execute, by the robotic arm, the second autonomous
movement control scheme, wherein, for executing
the second autonomous movement control scheme,
the processor-executable instructions further cause
the one or more processors to shelve the second item
on the at least one shelf;
evaluate the execution of the second autonomous
movement control scheme for the second item
according to at least one predetermined second per-
formance criteria stored in the database; and
determine and store in the database, based on a result
of the evaluation of the execution of the second
autonomous movement control scheme, an updated
second autonomous movement control scheme for at
least one subsequent execution by the robotic arm for
the second item.
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