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(57) Abstract: A hybrid modular storage fetching system is described. In an example implementation, an automated guided vehicle
of the hybrid modular storage fetching system includes a drive unit that provides motive force to propel the automated guided vehicle
within an operating environment. The automated guided vehicle may also include a container handling mechanism including an extender
and a carrying surface, the container handling mechanism having three or more degrees of freedom to move the carrying surface along
three or more axes. The container handling mechanism may retrieve an item from a first target shelving unit using the carrying surface
and the three or more degrees of freedom and place the item on a second target shelving unit. The automated guided vehicle may also
include a power source coupled to provide power to the drive unit and the container handling mechanism.
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Hybrid Modular Storage Fetching System

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is a continuation-in-part of U.S. Application No. 15/721,472,
entitled “Hybrid Modular Storage Fetching System,” filed September 29, 2017, which claims
the benefit under 35 U.S.C. § 119(e) of U.S. Provisional Application No. 62/403,001, entitled
“Modular Storage Fetching System (MSFES),” filed on September 30, 2016, the entire
contents of each of which are incorporated herein by reference. This application also claims
the benefit under 35 U.S.C. § 119(e) of U.S. Provisional Application No. 62/442,891, entitled
“Modular Storage Fetching System (MSFES),” filed on January 5, 2017, the entire contents of

which are incorporated herein by reference.

Background

[0002] This application relates to inventory management systems (e.g., order
distribution or fulfillment systems). For example, this application relates to automated
guided vehicles used in inventory management systems.

[0003] Some current inventory management systems use drag-along carts on which
human agents (pickers) place items they select (pick) to fulfill orders. In a zone-less pick-to-
cart system, an agent drags his/her cart from location to location as instructed by the
computer system of the facility. The cart can accommodate multiple orders and typically is
equipped with dedicated cartons that are keyed to the orders being fulfilled by the agent
during that cart load. In some cases, the agent wears a headset and/or is provided a terminal,
such as a mobile computing device, via which the agent is provided ordered, item-by-item
instructions on which items to pick. As the agent walks around the facility among the
different fixed shelving units, he/she drags or pushes his/her cart manually. During a given
shift, the agent may end up considerably fatigued from having to propel the cart around the
warehouse.

[0004] Further, some current inventory management systems divide inventory into a
series of zones and assign a human agent to a zone. The systems may use a conveyor belt to

move orders across the zones as controlled by the computer system of the facility. In some
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cases, the agent wears a headset and/or is provided a terminal, such as a mobile computing
device, via which the agent is provided ordered, item-by-item instructions on which items to
pick. In some cases, pick-to-light systems use light displays to direct operators to product
locations. Each product location may have a numeric or alphanumeric display with a light,
an acknowledgement button, and a digital readout for indicating quantity.

[0005] Further, some current inventory management or distribution systems use a
“goods-to-person” approach where the items to be picked by a human agent are brought to a
predetermined location to eliminate the amount of walking the human agent must do within a
facility and/or expedite the picking of the items by the picker. Once picked, these items are
packaged and dispatched.

[0006] While these systems may, in certain use cases, adequately maneuver the items
to the stations at which they are to be picked, they are less effective for high-volume and/or
high-velocity goods because they have to continually return the same goods to the picking
stations during the course of a day.

[0007] Some current inventory management or distribution systems use a “goods-to-
person” approach using robots to retrieve items to be picked from storage. For example, in
these systems, robots may retrieve entire shelving units from storage and bring them to
agents, who pick items from the shelving units. However, these robots bring many more
items in the shelving units to the agents than are actually picked by the agents. Further, each
robot can only retrieve items in a single shelving unit at a time because they bring entire
shelving units to the agents.

[0008] Some current inventory management or distribution systems use forklifts to
move pallets of items, however these systems are often not practical when fulfilling small
orders, because small orders may include, for instance, only a few items while a pallet may
include tens or hundreds of items. Further, traditional forklifts are not able to navigate
through narrow aisles to retrieve items on shelves in those aisles, because traditional forklifts

require substantial space to turn to face a shelving unit to retrieve a pallet.

Summary

[0009] An automated guided vehicle (AGV) system can be configured to perform
particular operations or actions by virtue of having software, firmware, hardware, or a

combination of them installed on the system that in operation causes or cause the system to
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perform the actions. One general aspect of the AGV includes a drive unit that provides
motive force to propel the AGV within an operating environment; a container handling
mechanism (CHM) including an extender and a carrying surface, the CHM having three or
more degrees of freedom to move the carrying surface along three or more axes, the CHM
retrieving an item from a first target shelving unit using the carrying surface and the three or
more degrees of freedom and placing the item on a second target shelving unit; and a power
source coupled to provide power to the drive unit and the CHM.

[0010] Implementations of the AGV may include one or more of the following
features. The AGYV further including: an item storage rack positioned proximate the CHM,
the item storage rack including a plurality of shelves, at least one shelf of the plurality of
shelves capable of storing the item during transit of the AGV, the CHM being capable of
moving the item between the first target shelving unit, one or more of the shelves from the
plurality of shelves of the item storage rack, and the second target shelving unit. The AGV
further including: an item storage rack including a plurality of shelves that are vertically
arranged on the item storage rack, a first shelf of the plurality of shelves having an adjustable
height on the item storage rack, and one or more controllers that determine a current height of
the first shelf of the plurality of shelves, and instruct the CHM to place the item on the first
shelf of the plurality of shelves at the current height. The AGV where the extender of the
CHM includes: a mast; and an extendible arm connecting the carrying surface to the mast, the
mast moving the carrying surface vertically, via the extendible arm. The AGV where the
item includes a modular container or modular storage unit having a coupling portion, and the
carrying surface is compatibly engageable with the coupling portion of the modular carton to
lift the modular container from the first target shelving unit, retain the modular container
during handling, and place the modular container on the second target shelving unit. The
AGYV further including: one or more controllers communicatively coupled to the CHM and
the drive unit, the one or more controllers signaling the CHM to retrieve the item from the
first target shelving unit, signaling the drive unit to propel the AGV from a first location to a
second location in the operating environment, the first target shelving unit being located at
the first location and the second target shelving unit being located at the second location, and
signaling the CHM to place the item on the second target shelving unit. The AGV where the
one or more controllers determine a current location of the item within the operating
environment, the current location indicating a current placement of the first target shelving

unit within the operating environment, and instruct the drive unit to position the CHM
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adjacent to the first target shelving unit using the current location. The AGV where: the
AGYV has a front, a rear opposing the front, a left side extending from the front to the rear,
and a right side opposing the left side and extending from the front to the rear, the second
target shelving unit includes an item storage rack mounted to the AGV, and while the AGV is
positioned such that the left side or right side faces a face of the first target shelving unit, one
or more controllers instruct the CHM to engage, by the extender, the carrying surface with
the item on a first target shelf of the first target shelving unit, lift the item off the first target
shelf by the carrying surface and the extender, move the item, by the carrying surface and the
extender, from the first target shelf to a second target shelf of the item storage rack, set the
item on the second target shelf by the carrying surface and the extender, and disengage, by
the extender, the carrying surface from the item. The AGV further including: a guidance
system that determines a location of the AGV within the operating environment, the guidance
system including one or more sensors that detect and process navigation markers to locate the
AGYV as the AGYV traverses the operating environment. The AGV further including: an
optical scanner coupled to the CHM that scans a shelf marker on one or more of the first
target shelving unit and the second target shelving unit, the shelf marker indicating a position
of the one or more of the first target shelving unit and the second target shelving unit.

[0011] Another general aspect includes a method including: navigating an AGV in an
operating environment to a location proximate a storage shelving unit having a storage shelf
supporting an item; extending a carrying surface of a CHM of the AGV along a second axis
relative to a forward direction of travel of the AGV, the CHM having three degrees of
freedom corresponding to three axes of movement relative to a housing of the AGV, a first
axis of the three axes extending along the forward direction of travel, the second axis of the
three axes extending along a horizontal direction perpendicular to the first axis, and a third
axis of the three axes extending along a vertical direction perpendicular to both the first axis
and the second axis; lifting the carrying surface to lift the item along at least the third axis
from the storage shelf, the carrying surface supporting the item; retracting the carrying
surface along at least the second axis from the storage shelf; raising the carrying surface
along at least the third axis to situate the item proximate to an AGV shelf included on the
AGYV; moving the carrying surface along at least the first axis until the item is positioned
above the AGV shelf; and lowering the carrying surface along at least the third axis to place

the item on the AGYV shelf.
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[0012] Implementations of the method may include one or more of the following
features. The method further including: determining, by a guidance system, a location of the
AGYV within the operating environment, the guidance system including one or more sensors
that detect and process navigation markers to locate the AGV as the AGV traverses the
operating environment; and navigating, using the guidance system, the AGV from the
location to a different location in the operating environment using the guidance system. The
method further including: determining a location of the storage shelf by scanning a shelf
marker on the storage shelf by an optical scanner coupled to the CHM. The method where
the AGYV includes a storage rack including a plurality of AGV shelves, the plurality of AGV
shelves including the AGV shelf. The method further including: extending the carrying
surface along the second axis toward a second storage shelf of a second storage unit, the
second storage shelf supporting a second item; lifting the carrying surface to lift the second
item along at least the third axis from the second storage shelf, the carrying surface
supporting the second item; retracting the carrying surface along at least the second axis from
the second storage shelf; raising the carrying surface along at least the third axis to situate the
second item proximate to a second AGV shelf of the plurality of AGV shelves of the storage
rack; moving the carrying surface along at least the first axis until the second item is
positioned above the second AGV shelf; and lowering the carrying surface along at least the
third axis to place the second item on the second AGV shelf. The method further including:
adjusting a height of the AGV shelf to accommodate a height of the item. The method
further including navigating the AGV to a different location within the operating
environment, the different location within the operating environment including a pick-cell
station, the pick-cell station receiving items from a plurality of AGVs; and issuing
instructions to a picker at the pick-cell station to place the item in a given carton with one or
more other items.

[0013] Another general aspect includes a system including: An item handling and
storage mechanism for an AGV, including: an item storage rack mountable to a frame of the
AGYV, the item storage rack including a plurality of shelves, each shelf of the plurality of
shelves capable of storing an item; an extender mountable at a proximal end to the frame of
an AGV proximate to the item storage rack, the extender having three or more degrees of
freedom; and a carrying surface connected at a distal end of the extender, the carrying surface
being movable by the extender vertically parallel relative to a face of the item storage rack,

perpendicularly relative to the face of the item storage rack, and horizontally parallel relative
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to the face of the item storage rack, the carrying surface being extendable by the extender
using the three or more degrees of freedom to retrieve a certain item from a separate shelving
unit located within reaching distance of the extender and retractable using the three or more
degrees of freedom to place the certain item on one of the shelves of the item storage rack.
[0014] Implementations of the item handling and storage mechanism may include one
or more of the following features. The item handling and storage mechanism for AGV
further including an optical scanner coupled to the extender that scans a shelf marker on the
separate shelving unit, the shelf marker indicating a position of a shelf of the separate
shelving unit. The item handling and storage mechanism for AGV where: the item includes a
modular container having a coupling portion, and the carrying surface is compatibly
engageable with the coupling portion of the modular container to lift the modular container
from the separate shelving unit, retain the modular container during handling, and place the
modular container on the one of the shelves of the item storage rack.

[0015] Other implementations of one or more of these aspects include corresponding
systems, apparatus, and computer programs, configured to perform the actions of the
methods, encoded on computer storage devices.

[0016] It should be understood that the language used in the present disclosure has
been principally selected for readability and instructional purposes, and not to limit the scope

of the subject matter disclosed herein.

Brief Description of the Drawings

[0017] The disclosure is illustrated by way of example, and not by way of limitation
in the figures of the accompanying drawings in which like reference numerals are used to
refer to similar elements.

[0018] Figure 1 is a block diagram of an example system and data communication
flow for a hybrid modular storage fetching system.

[0019] Figure 2A is a flowchart of an example method for picking an order in a
hybrid modular storage fetching system.

[0020] Figure 2B is a flowchart of an example method for controlling a container
handling mechanism of a picking automated guided vehicle.

[0021] Figure 3A is a schematic of an example configuration of a distribution facility

layout in a hybrid modular storage fetching system.



10

15

20

25

30

WO 2018/147953 PCT/US2018/012641

[0022] Figure 3B is an illustration of an example pick-cell station.

[0023] Figure 3C is an illustration of an example pick-cell station in a distribution
facility.

[0024] Figures 3D-3F are illustrations of example arrangements of storage shelves

and interaction with the storage shelves by a picking automated guided vehicle.

[0025] Figure 4A is a flowchart of an example method for receiving and routing order
data.
[0026] Figure 4B is a flowchart of an example method for picking pick-to-cart items

using a cart automated guided vehicle.

[0027] Figure 4C is a flowchart of an example method for retrieving items in modular
storage units from a high-density storage area using a modular storage fetching automated
guided vehicle.

[0028] Figure 4D is a flowchart of an example method for combining items from

different zones of the distribution facility at a pick-cell station.

[0029] Figures 5A and 5B are illustrations of example cart automated guided
vehicles.

[0030] Figures 5C and 5D are illustrations of example automated guided vehicle drive
units.

[0031] Figures 6A-6B are illustrations of example modular storage units.

[0032] Figures 7A-7] are illustrations of example picking automated guided vehicles.
[0033] Figures 8 and 9 are illustrations of example modular storage units on storage

shelving units.
Description

[0034] Among other benefits, the technology described herein improves upon that
described in the Background Section. For instance, the technology provides robotic devices,
systems, methods, and other aspects that can more efficiently process goods (e.g., items or
items in a distribution facility) based on demand. Further, the technology can reduce the
amount of irrelevant items carried simultaneously with relevant items by providing
automated guided vehicle(s) (AGV(s)) that are configured to efficiently carry items.

[0035] The technology described herein includes example AGVs that efficiently carry

items. In some implementations, a cart AGV may autonomously transport a cart loaded with
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cartons into which items may be picked in a pick-to-cart area. The use of the cart AGV is
beneficial, for example, for high velocity items (e.g., having a threshold frequency of being
picked) by allowing the cartons, into which the high velocity items are to be placed, to travel
to the locations of the items.

[0036] In some implementations, a picking AGV may autonomously retrieve items
from storage and transport them to a picker, for example, at a pick-cell station. A picking
AGV may autonomously retrieve items from shelving units in a high density storage area,
transport them (e.g., on a shelf of the picking AGV) to a picker, and, in some instances, place
the items on shelves at a pick-cell station for access by the picker. The technologies
described in reference to the picking AGV are beneficial over the previous solutions
described in the Background Section at least because they allow the picking AGV to retrieve
individual items or containers of items from shelving units in a high density storage area
rather than having to retrieve entire shelving units.

[0037] Features of the technology described herein can be integrated into any
logistics system, dispatch system 106, warehouse execution system 102, warehouse
management system 104, a robot execution server 132, etc., to coordinate the provision of to-
be-picked items in a hybrid modular storage fetching system. This technology beneficially
improves productivity and throughput, increases asset utilization, and lowers cycle time and
labor costs. These benefits, in turn, lead to shorter delivery times and result in significant
savings and business value.

[0038] With reference to the figures, reference numbers may be used to refer to
components found in any of the figures, regardless whether those reference numbers are
shown in the figure being described. Further, where a reference number includes a letter
referring to one of multiple similar components (e.g., component 000a, 000b, and 000n), the
reference number may be used without the letter to refer to one or all of the similar
components.

[0039] Figure 1 depicts an example system 100 and data communication flow for
implementing a hybrid modular storage fetching system. The system 100 includes a
warehouse execution system (WES) 102. The WES 102 is coupled to equipment 110 (e.g.,
conveyor controls, conveyor scanners, conveyors, automated induction equipment, other
warehouse equipment, etc.), a warehouse management system (WMS) 104, a data store 120

storing warehouse management, execution, dispatch, picking, carton, order, item, AGV, map,
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and/or other data, a picking system 108 (e.g., pick-to-voice, pick-to-light, etc.), a robot
execution server (REX) 132, and a dispatch system 106.

[0040] The WES 102 may, in some implementations, include one or more hardware
and/or virtual servers programmed to perform the operations, acts, and/or functionality
described herein. The components of the WES 102 may comprise software routines storable
in one or more non-transitory memory devices and executable by one or more computer
processors of the WES 102 to carry out the operations, acts, and/or functionality described
herein. In further implementations, these routines, or a portion thereof, may be embodied in
electrical hardware that is operable to carry out the operations, acts, and/or functionality
described herein.

[0041] The REX 132 may, in some implementations, include one or more hardware
and/or virtual servers programmed to perform the operations, acts, and/or functionality
described herein. The REX 132 may generate a schedule that defines the route for an AGV
during a picking session, as described herein. For a given cart AGV 116a...116n, depending
on the items (e.g., identified by stock keeping units or SKUs) to be placed in the cartons of
that cart, the REX 132 generates a schedule and transmits it to the dispatch system 106,
which in turn deploys a cart AGV 116 according to the schedule, for instance. In some
implementations, the dispatch system 106 instructs the AGV to proceed through one or more
of the picking zones of the distribution facility according to the schedule. The schedule of
each of the AGVs may be coordinated such that an optimal flow can be achieved, as
discussed elsewhere herein.

[0042] In some implementations, the REX 132 may include or may communicate
with a SKU (e.g., a stock keeping unit or unique identifier identifying an item) routing
engine. The SKU routing engine is executable to route items into different storage zones
depending based on picking profiles of the items, which may be stored and maintained as
item data 130. The SKU routing engine dynamically monitors the picking activity in the
distribution facility, tracks which items have the highest volume or velocity for a given
timeframe, stores the tracking data in the data store 120, and can instruct the REX 132 to
have items relocated by AGVs to different storage locations in the distribution facility based
on the tracked picking activity.

[0043] A picking profile of a given item can change over time as demand for the item
changes. The demand for a given item may be random or predicable (e.g., seasonal), and

may change based on time of day, week, month, year, etc. The item routing engine may
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maintain the picking profile in the database as item data 130, and utilize that data to
determine in which zone of the distribution facility to store the item.

[0044] Advantageously, based on the picking profiles (e.g., velocity and volume), the
SKU routing engine may provide a distinct automated application for picking. In some
implementations, the SKU routing engine may continually algorithmically evaluate the
picking profile of each SKU and instruct the WES 102 and dispatch system 106 to
transfer/relocate items to another storage location and/or picking area, swap item locations,
etc., when necessary to maintain the most expedient flow in the facility. This advantageously
reduces capital associated with fully automated high velocity items and reduces
replenishment complexity.

[0045] The WES 102 may store productivity information for points in the distribution
facility in a database (e.g., a non-transitory data store 120). The productivity information
may reflect mechanical capacity of that given point of the AGV system. In some cases, the
mechanical capacity may be dynamic based on current conditions (e.g., system health,
staffing levels (e.g., number of associates working in zone), stock levels, operational state,
etc.).

[0046] In some implementations, the WMS 104 and/or WES 102 may algorithmically
analyze the configuration of a cart AGV 116 depending on items that are set for
distribution/fulfillment in the next picking time window. The WMS 104 and/or WES 102
may generate a stocking list for the cart based on hub, priority, pick density, pick zone
demand, and item-to-item affinity, etc. The REX 132 may use the stocking list when
generating the schedule for the cart AGV 116.

[0047] The dispatch system 106 may be electronically communicatively coupled to a
plurality of AGVs. In some implementations, the dispatch system 106, or elements thereof,
may be integrated with or communicatively coupled with the REX 132. The dispatch system
106 includes hardware and software configured to dispatch the AGVs, and is coupled for
communication the components of the system 100 to receive instructions and provide data.
The dispatch system 106 may calculate a route to execute the task considering traffic and
resources. In some cases it adjusts the route or the task in order to keep the route optimum.
[0048] The AGVs are robotic vehicles including drive units providing motive force
for moving the AGVs (and, in some instances, carts, modular storage units 602, AGV racks,
AGYV shelves, etc.), guidance systems for determining position of the AGVs within the

distribution facility, and equipment for carrying items. The equipment for carrying items
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may include carton holders, AGV shelves, modular storage unit holders, etc., such as carts,
shelves, etc., as described in further detail in reference to Figures SA-7J, for example.
Figures 5A-7] depict various types of AGVs, such as a picking AGV 114 (also referred to as
a modular storage fetching (MSF) AGV) and cart AGVs 116.

[0049] A cart AGV 116 is an automated guided vehicle or robot configured to
autonomously transport pick-to-cart items from a pick-to-cart area 302 of the distribution
facility to a pick-cell station 316 and/or finalizing area 314 (e.g., as described in reference to
Figure 3A). The cart AGV 116 may include a drive unit adapted to provide motive force to
the cart AGV 116 and a guidance system adapted to locate the cart AGV 116 in the
distribution facility. In some implementations, the cart AGV 116 is adapted to autonomously
transport a carton holder (e.g., a cart or shelves) that is, in turn, adapted to hold cartons.
Cartons may include, for instance, a box (e.g., a shipping box) adapted to hold items. For
example, a cart AGV 116 may push/pull a cart (e.g., a carton holder) holding cartons around
a pick-to-cart area 302 and may automatically stop at storage bays of the pick-to-cart area
302 where items to be picked are stored, so that a picker in the pick-to-cart area 302 can
easily place items into one or more of the cartons. In some instances, the cart AGV 116 may
transport the cart to a pick-cell station 316 to receive additional items into the cartons from
high-density storage (e.g., from modular storage units 602 in high-density storage, as
described below). In some instances, the cart AGV 116 may move at walking speed next to,
behind, or in front of a picker walking through the pick-to-cart area 302 of the distribution
facility. Additional details of example cart AGVs 116 are shown and described in reference
to Figures SA-5D.

[0050] A picking AGV 114a...114n is an automated guided vehicle or robot that may
be configured to autonomously transport items from a high-density storage area 304 of the
distribution facility to a pick-cell station 316, replenishment area 318, and/or finalizing area
314. The picking AGV 114 may include a drive unit adapted to provide motive force to the
picking AGV 114, a guidance system adapted to locate the picking AGV 114 in the
distribution facility, and a shelving unit, which may be adapted to hold modular storage units
602. The picking AGV 114 may include a container handling mechanism (CHM) 716 (e.g.,
as shown in Figures 7A-7]) that retrieves items or modular storage units 602 from storage
shelves (e.g., in the high-density storage area), places items on an item holder (e.g., an AGV
shelf) coupled with the picking AGV, and replaces items on storage shelves or at a pick-cell

station. In some implementations, a picking AGV 114 may autonomously retrieve modular
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storage unit(s) 602 containing items to be picked in an order from the high-density storage
area. For instance, the picking AGV 114 may transport the modular storage unit(s) 602 to a
pick-cell station 316, so that a picker at the pick-cell station 316 can pick items from the
modular storage unit(s) 602 and place them into cartons in a cart. For example, a cart AGV
116 may transport a carton to a bay in the pick-to-cart area 302 having a first item in an order,
then to a pick-cell station 316 where a separate picking AGV 114 has delivered or will
deliver a second item (e.g., in a modular storage unit 602) in the order, so that a picker can
place the second item into the carton with the first item, and so on and so forth. The process
may be repeated as necessary, depending on the number of items to be placed in the carton(s)
of the pick cell station 316. The system 100 may coordinate the timing, placement, and
movement of the cartons, modular storage units 602, pick-cell station 316 workload, and
AGVs to bring cartons and modular storage units 602 having items corresponding to an order
to the same pick-cell station 316 during the same time window, as described in further detail
herein. Additional details of example picking AGVs 114 are described in reference to
Figures 7A-7].

[0051] The WMS 104 may, in some implementations, include one or more hardware
and/or virtual servers or software routines storable in one or more non-transitory memory
devices and executable by one or more processors to perform the operations, acts, and/or
functionality described herein. The WMS 104 may be configured to store and maintain
carton data 124 in the data store 120. The carton data 124 includes information about cartons
and/or containers in the system, such as a unique identifier for each carton or container, a
carton or container type, the zones a carton will visit, the number of pick lines a carton
proceeds through, and the priority for the carton. Some cartons may have a higher priority
relative to other cartons and the system 100 may expedite handling of those cartons with
higher priority relative to other cartons by the system 100. The carton data 124 may include a
picklist defining the items the carton will contain. The WMS 104 may store data mapping
items to the different pick zones (e.g., the pick-to-cart area 302, the high-density storage area
304, a particular modular storage unit 602, a particular location at a particular pick-cell
station 316, etc.). In some implementations, the WMS 104 may be configured to
communicate the carton data 124 with the WES 102, the picking system 108, and/or dispatch
system 106 in real time, in batches, as requested by these components, etc.

[0052] The picking system 108 may, in some implementations, include one or more
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12



10

15

20

25

30

WO 2018/147953 PCT/US2018/012641

memory devices and executable by one or more processors to perform the operations, acts,
and/or functionality described herein. The picking system 108 may receive pick
confirmations, for example, from pickers or operators (e.g., using barcode scanners, NFC,
RFID chips, or other sensors or input methods) working within a pick zone (e.g., a pick-to-
cart area 302, pick-cell station 316, etc.) confirming that picks for a given carton have been
performed, as described in further detail below. An example picking system 108 may include
an available pick-to-voice or a pick-to-light system. The picking system 108 may be
configured to communicate the pick confirmation data with the WES 102, WMS 104, or
other components of the system in real time, in batches, as requested by the components of
the system, etc.

[0053] The picking system 108 may receive confirmatory input (e.g., pick
confirmations) from pickers working within a pick zone. The confirmatory input confirms
that all picks for a given carton have been completed. The picking system 108 transmits the
confirmatory input to the WES 102. The confirmatory input may include the time stamp
reflecting completion of the picks in the zone, a unique identifier identifying the picker
(operator), a unique identifier identifying the pick zone, a unique identifier identifying the
AGYV, and/or a unique identifier identifying the carton (e.g. a carton number).

[0054] The data store 120 is an information source for storing and providing access to
data. The data stored by the data store 120 may be organized and queried using various
criteria including any type of data stored by it. The data store 120 may include data tables,
databases, or other organized collections of data. An example of the types of data stored by
the data store 120 may include, but is not limited to map data 122, AGV data 128, carton data
124, order data 126, modular storage unit data, etc. In some instances, the data store 120 may
also include, conveying system attributes, picking data, picker attributes, sensor data, etc.
[0055] The data store 120 may be included in the WES 102, WMS 104, REX 132, or
in another computing system and/or storage system distinct from but coupled to or accessible
by the WES 102, WMS 104, REX 132, or other components of the system 100. The WES
102, picking system 108, REX 132, and/or dispatch system 106, for example, may store and
maintain map data 122, order data 126, carton data 124, and AGV data 128. The data store
120 can include one or more non-transitory computer-readable mediums for storing the data.
In some implementations, the data store 120 may store data associated with a database
management system (DBMS) operable on a computing system. For example, the DBMS

could include a structured query language (SQL) DBMS, a NoSQL DMBS, various
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combinations thereof, etc. In some instances, the DBMS may store data in multi-dimensional
tables comprised of rows and columns, and manipulate, e.g., insert, query, update and/or
delete, rows of data using programmatic operations.

[0056] The map data 122 may include data reflecting the 2 or 3 dimensional layout of
the facility including the location of modular storage units 602, picking areas, lanes,
equipment 110, storage shelving units, items, AGVs, etc. Map data 122 may indicate the
attributes of the distribution facility, including attributes of zones (e.g., one or more pick-to-
cart areas 302, high-density storage areas 304, induction areas 308, finalizing areas 314, pick-
cell stations 316, replenish stations, etc.). For example, attributes of zones may include the
number, quantity, and location of shelving units or bays, modular storage units 602, items,
guidance system locators or markers, etc.

[0057] The order data 126 includes data about picking including orders, items picked,
items to be picked, picking performance, picker identities, pick confirmations, locations items
are picked from, etc. Order data 126 may indicate the quantity and identity of items in
orders, shipping addresses, order priority, progress of order fulfillment, number of cartons in
an order, etc.

[0058] Item data 130 may describe items available for picking in a distribution
facility. The item data 130 may include unique identifiers for these items, the item volume
(e.g., the total amount picked in given window (e.g., in an hour, day, etc.)), the item velocity
(e.g., number of different times item picked in given window (e.g., per hour, day etc.), the
unique location of the items within the distribution facility (aisle, shelf, shelf position, etc.),
other attributes of the item (e.g., size, description, weight, quantity of items in a package,
color, etc.), item inventory, mapping of items of modular storage units 602, etc. In some
implementations, the item data 130 may include the quantity of particular items a modular
storage unit 602 contains, the current location of a modular storage unit 602, a preferred
storage location of items and/or modular storage units 602, a threshold inventory level of
items to be satisfied before autonomously transporting the modular storage unit 602 to a
replenishment area 318 by a picking AGV 114 (e.g., to restock the items in the modular
storage unit 602).

[0059] The AGV data 128 may describe the state of an AGV (operational state,
health, location, battery life, storage capacity, items being carried, cartons, etc.), whether

picker assigned to it, etc.
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[0060] The components of the system 100 may be coupled to exchange data via
wireless and/or wired data connections. The connections may be made via direct data
connections and/or a computer network. The computer network may comprise any number
of networks and/or types of networks, such as wide area networks, local area networks,
virtual private networks, cellular networks, close or micro proximity networks (e.g.,
Bluetooth, NFC, etc.), etc. In some implementations, one or more of these components may
be coupled via a data communications bus.

[0061] Figure 2A is a flowchart of an example method for picking an order in a
hybrid modular storage fetching system. At 202, the WES 102 may generate a picking
schedule including pick-to-cart routing, modular storage fetching (MSF) routing, and/or pick-
cell routing based on order data 126. The order data 126 may include one or more first
unique identification codes representing one or more first items located in a pick-to-cart area
302 of a distribution facility. In some instances, the order data 126 may also include one or
more second unique identification codes representing one or more second items located in a
high-density storage area 304 of the distribution facility.

[0062] The pick-to-cart routing describes routing of a particular cart AGV
116a...116n through a pick-to-cart area 302. For example, the pick-to-cart routing may
include a picking list of pick-to-cart items to be picked to the cartons transported by the cart
AGYV 116. The pick-to-cart routing may indicate the location of the storage units, shelves, or
bays in which an item in the picking list is located. In some implementations, the pick-to-cart
routing may also include a defined route of a cart AGV 116 through these locations and an
indication of locations at which to stop the cart AGV 116, so that a picker can pick items
from adjacent storage units, shelves, or bays into the cartons transported by the cart AGV
116. The pick-to-cart routing may also include a schedule indicating when to pick items and
when to deliver cartons to a particular pick-cell station 316.

[0063] The MSF routing describes routing of a particular picking AGV 114 through a
high-density storage area 304. For example, the MSF routing may include a picking list of
items stored in modular storage units 602, unique identification codes of the modular storage
units 602, and the current locations of the modular storage units 602. In some instances, the
current location of the modular storage units 602 may be in the high-density storage area 304,
in a replenishment area 318, or at a pick-cell station 316. The MSF routing may also include
a defined route of a picking AGV 114 through the distribution facility to retrieve one or more

modular storage units 602 including items from one or more orders and deliver those modular
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storage units 602 to assigned pick-cell stations 316. The defined route may be calculated to
most efficiently retrieve one or a series of modular storage units 602, maximize a quantity of
modular storage units 602 for the picking AGV 114 to retrieve in a single trip, to avoid traffic
of other AGVs, and/or to cause the modular storage unit(s) 602 to arrive at a pick-cell station
316 at a minimized time difference from a carton (e.g., transported by a separate cart AGV
116) arriving at the same pick-cell station 316 to which the item in the modular storage unit
602 is to be placed, for example. The MSF routing may also include a schedule indicating
when to retrieve modular storage units 602 and when to deliver the modular storage units 602
to a particular pick-cell station 316.

[0064] Pick-cell routing may describe routing of AGVs among pick-cell stations 316.
For instance, a modular storage unit 602 may be transferred by a picking AGV 114 from one
pick-cell station 316 to another pick-cell station 316, as described elsewhere herein.

[0065] In some implementations, the WES 102, or another component of the system
100, may determine, based on load information in one or more of the pick zones, that a
particular zone, picker, path, pick-cell station 316, etc., has a high traffic load. In response to
such a determination, the WES 102 may dynamically adjust the routing schedule, for
example, dictating which cart AGVs 116 or picking AGVs 114 are sent into different zones
of the distribution facility. For example, the WES 102 may determine that there is a
threshold level of traffic (e.g., by cart AGVs 116) in the pick-to-cart area 302, in response to
which determination, the WES 102 may induct AGVs (e.g., cart AGVs 116 with particular
orders to be filled) into the hybrid modular storage fetching system that bypass the pick-to-
cart area 302 and proceed directly to pick-cell stations 316 to receive items from modular
storage units 602. In another example implementation, the WES 102 may determine, for
instance, that there is a threshold level of traffic in a staging area 312 or that no picking
AGVs 114 are available to retrieve items from high-density storage 304 and may, in
response, induct cart AGVs into the system that do not stop at a pick-cell station 316 or that
require fewer modular storage units 602 to be retrieved from high-density storage.
Accordingly, in some implementations, the WES my dynamically balance the load of various
zones, AGVs, pick-cell stations, etc., in the system by adapting the composition (e.g., items
from pick-to-cart versus from high-density storage) of orders/cartons on a particular AGV
(e.g., acart AGV), for example.

[0066] At 204, the REX 132 may transmit a signal including the picking schedule (or

components thereof) to the dispatch system 106.
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[0067] At 206, the dispatch system 106 may dispatch a cart AGV 116 according to
the picking schedule. In some implementations, dispatching a cart AGV 116 may include
creating cartons, assigning the cartons to a cart to be transported by a cart AGV 116, placing
the cartons on the cart, and, in some instances, coupling the cart AGV 116 with the cart. For
instance, the WES 102 may assign orders (or items thereof) to cartons. Labels with unique
identification codes identifying the cartons may be printed, placed on cartons, and the cartons
may be placed on the cart at an induction area 308. The unique identification codes of the
cartons may match, in the data store 120, the carton (and therefor the cart/cart AGV 116) with

items to be picked.

[0068] At 208, the dispatch system 106 may dispatch a picking AGV 114 according
to the MSF routing.
[0069] At 210, the cart AGV 116 may autonomously navigate along a path through

the pick-to-cart area 302 according to the pick-to-cart routing to retrieve one or more items
located in the pick-to-cart area 302. As described elsewhere herein, the cart AGV 116 may
follow the guidance system through the pick-to-cart area 302 and stop at designated areas for
items stored in those areas to be picked to the designated cartons. In some implementations,
the cart, carton, container, cart AGV 116, storage area, or separate computing device (e.g., a
mobile device of a picker) may include an output device that provides output indicating items
to be picked at a particular location and, in some implementations, the output device may also
include an input to receive pick confirmations. Once the pick confirmation has been
received, the cart AGV 116 may autonomously move to the next area to pick a subsequent
item assigned to a carton on the cart.

[0070] Once items in the pick-to-cart storage area have been picked to the cart AGV
116, the cart AGV 116 may autonomously navigate to an assigned pick-cell station 316 or to
a finalizing area 314 according to the pick-to-cart routing. In some implementations, the cart
AGYV 116 may decouple from the cart and leave the cart at the pick-cell station 316 (or at a
finalizing area 314) so that the cart AGV 116 may transport another cart while the first cart is
being filled with items from modular storage units 602, for example.

[0071] At 212, the picking AGV 114 may autonomously navigate to a location of the
one or more modular storage units 602 in the high-density storage area 304 (or a
replenishment area 318, pick-cell station 316, etc.), the one or more modular storage units
602 containing one or more items in an order, for example, an order with a carton transported

by a cart AGV 116, as described above. The picking AGV 114 may autonomously retrieve
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the one or more modular storage units 602 from the high-density storage area 304, for
example. The picking AGV 114 may then autonomously navigate from the location of the
modular storage unit(s) 602 to the pick-cell station 316 according to the MSF routing to
transport the modular storage unit(s) 602 to the pick-cell station 316. In some
implementations, the picking AGV 114 may hold a plurality of modular storage units 602 and
may deliver each of the modular storage units 602 to the same pick-cell station 316 or to
separate pick-cell stations 316. In some implementations, the picking AGV 114 may also
retrieve modular storage units 602 that are no longer needed at a particular pick-cell station
either separately or while delivering new modular storage units 602 to the pick-cell station.
[0072] At 214, the picking system 108 outputs instructions to an output device (e.g.,
on the cart, pick-cell station, modular storage unit 602, or separate computing device, etc.),
the instructions directing a picker at a pick-cell station to transfer items from modular storage
unit(s) 602 at the pick-cell station to carton(s) on the cart.

[0073] Figure 2B is a flowchart of an example method for controlling a CHM 716 of
a picking AGV 114. At222, the picking AGV 114 may navigate in an operating
environment, such as a distribution facility, to a location proximate to a storage shelving unit
having a storage shelf supporting an item, such as a modular storage unit 602. In some
implementations, the picking AGV 114 may determine its location within the operating
environment using a guidance system and navigate from a first location to a second location
in the operating environment. The guidance system may include sensors that detect and
process navigation indicators or markers to locate the picking AGV 114 as it traverses the
operating environment. For example, the guidance system may include an optical scanner on
a body of the picking AGV 114 that reads visual markers (e.g., QR codes) on a floor of the
distribution facility. A controller of the picking AGV 114 may look the visual marker up in
an accessible database, such as the map data 122.

[0074] At 224, the picking AGV 114 may extend a carrying surface 396 of a CHM
716 (e.g., as described in reference to Figures 7A-7J) along at least a second axis relative to a
forward direction of travel of the picking AGV 114. The CHM 716 may be coupled to the
picking AGV 114 and may extend the carrying surface 396 horizontally perpendicular to a
direction of travel of the picking AGV 114 and toward an adjacent storage shelving unit in
the high-density storage area. For example, the CHM 716 may have three or more degrees of
freedom corresponding to three axes of movement relative to a direction of travel or housing

of the picking AGV 114. For example, a first of the three axes may extend along the forward
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direction of travel of the pick AGV 114, the second axis may extend along a horizontal
direction perpendicular to the first axis, and a third axis may extend along a vertical direction
perpendicular to both the first axis and the second axis. An example of these three axes are
shown and described in more detail in reference to Figure 7A.

[0075] In some implementations, the picking AGV 114 may determine a presence or
location of an item, modular storage unit 602, or storage shelf on the storage shelving unit
using a scanner coupled with the CHM 716 (e.g., on the carrying surface 396, on the CHM
716, or elsewhere on the picking AGV 114). For instance, the picking AGV may determine a
location of the storage shelf by scanning a shelf marker (e.g., a barcode, QR code, etc.) by an
optical scanner coupled with the CHM 716. In some implementations, the picking AGV 114
may use a shelf identifier linked in a database to an item or container to determine a height of
the storage shelf and may adjust a height of the carrying surface 396 along at least the third
axis to interact with (e.g., slide between the storage shelf and the item) the item in order to lift
the item from the storage shelf. In some implementations, the picking AGV 114 may
alternatively or additionally use a placement of a handling component of an item or container
to determine the coordinates at which to extend the carrying surface 396 in order to interact
with the handling component.

[0076] At 226, the CHM 716 may lift the carrying surface 396, which in turn lifts the
item vertically along at least the third axis from the storage shelf. The carrying surface 396
may support the item directly by engaging with the item (e.g., sliding underneath the item on
the storage shelf before lifting it, coupling to the sides or front of the item, etc.). In some
instances, the carrying surface 396 may be configured to interact with a container (e.g., a
modular storage unit 602 or mini pallet, as described in reference to Figures 6A and 6B)
holding one or more items of the type of item to be picked in order to lift the container from
the storage shelf.

[0077] At 228, the CHM 716 may retract the carrying surface 396, and thereby the
item, along at least the second axis from the storage shelf. For instance, the CHM 716 may
retract the carrying surface 396 until the carrying surface 396 is fully retracted or until the
item has cleared a front edge of the storage shelving unit. For example, in some
implementations, the picking AGV may use a known or determined (e.g., based on an optical
sensor and/or attributes stored in the data store 120) size of the item to know a minimum

distance at which the carrying surface 396 should be retracted to cause the item and carrying
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surface 396 to clear the front edge of the storage shelving unit to allow the item and carrying
surface 396 to move vertically.

[0078] At 230, the CHM 716 may raise the carrying surface 396 along at least the
third axis to situate the item proximate to an AGV shelf included (e.g., coupled with) the
picking AGV. For example, the CHM 716 may raise the carrying surface 396 to place a
bottom surface of the item above a height of the AGV shelf and, in some instances, the CHM
716 may also raise the carrying surface 396, so that the carrying surface 396 is also above the
height of the AGV shelf, depending on the implementation.

[0079] In some implementations, the picking AGV may include, or have coupled
thereto, a storage rack including a plurality of AGV shelves. In some such implementations,
the CHM 716 may raise the carrying surface 396 along at least the third axis until the item is
above a particular shelf, but below the shelf above the particular shelf to fit the item between
the shelves. Upon placing an item on one of multiple shelves in the rack, the picking AGV
may store an identifier of the item in association with an identifier of the AGV shelf in order
to recall later which item is placed on which AGV shelf of the rack.

[0080] In some implementations, the AGV item storage rack of the picking AGV 114
may include a plurality of AGV shelves, one or more of which may have an adjustable height
on the rack to accommodate items of various dimensions. The heights and/or widths of the
storage shelves may be stored in the data store 120, so that the picking AGV 114, REX 132,
or another component of the system 100 may use the available heights of the shelves to
determine which picking AGVs 114 and/or shelves of a picking AGV to use to transport a
particular item. In some implementations, the adjustable AGV shelf(ves) may be motorized
to dynamically adjust their height to accommodate items of various sizes. While various
vertical implementations are described, it should be understood that the AGV storage rack
may include vertically and/or horizontally arranged slots and/or shelves in which items may
be adjacently situated and retained, and from which items may be retrieved.

[0081] At 232, the CHM 716 may move the carrying surface 396 along at least the
first axis until the item is positioned above the AGV shelf and, at 234, may lower the carrying
surface 396 along at least the third axis to place the item on the AGV shelf. For example, the
CHM 716 may lower the carrying surface 396 until the weight of item is resting on the AGV
shelf. In some implementations, the carrying surface 396 may detach from the item (e.g.,
release a handling mechanism of the item) or slide out from underneath the item on the AGV

shelf, so that the CHM 716 and carrying surface 396 may be used to retrieve another item.
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[0082] In some implementations, the picking AGV 114 may navigate to a different
location within the operating environment, for example, to a pick-cell station 316 which may
be configured to receive items from a plurality of AGVs. The REX 132, or another
component of the system 100, may issue instructions to a pick cell picker at the pick-cell
station 316 instructing the picker to place an item from the picking AGV 114 (e.g., in a
container delivered to the pick-cell station 316 by the picking AGV 114) into a given carton
with one or more other items (e.g. a carton and/or items delivered by a cart AGV 116).
[0083] In some implementations, such as where the picking AGV 114 includes a rack
with a plurality of AGV shelves, responsive to a CHM 716 of a picking AGV 114 storing a
first item on a first AGV shelf of the picking AGV 114, the picking AGV may retrieve a
second item from a second storage unit in the high-density storage area. For example, the
picking AGV 114 may navigate to a second location within the operating environment to
retrieve the second item. This process may be repeated as appropriate and/or needed for any
suitable number of items.

[0084] In some implementations, the CHM 716 may extend the carrying surface 396
along at least the second axis toward a second storage shelf of a second storage unit (e.g., at
the different location of the operating environment) where a second item is stored. The CHM
716 may lift the carrying surface 396 and thereby lift the second item (the carrying surface
396 supporting the second item) along at least the third axis from the second storage shelf.
The CHM 716 may then retract the carrying surface 396 along at least the second axis from
the storage shelf. The CHM 716 may then raise the carrying surface 396 along at least the
third axis to situate the second item proximate to a second AGV shelf of the plurality of AGV
shelves of the AGV storage rack. Once the carrying surface 396 and the item are situated at
the correct height along the third axis, the CHM 716 may move the carrying surface 396
along at least the first axis until the second item is positioned above the second AGV shelf.
The CHM 716 may then lower the carrying surface 396 along at least the third axis to place
the second item on the second AGV shelf. Accordingly, the picking AGV 114 may retrieve a
plurality of items from different storage shelving units within the operating environment at
the same time and simultaneously transport them to a pick-cell station or other location
within the operating environment.

[0085] Figure 3A depicts a schematic of an example configuration of a distribution
facility, which may be an operating environment of one or more picking AGVs 114 and cart

AGVs 116. It should be understood that various distribution facilities may include different
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picking zones having different stocking infrastructure and picking configurations. For
instance, high-volume and/or velocity items (e.g., items appearing above a defined threshold
of frequency in orders) may be stored in a pick-to-cart area 302 and be available for
immediate picking, and relatively moderate and/or low-volume and/or velocity items may be
stored in high-density storage area 304 on modular storage units 602 which may be retrieved
by picking AGVs 114 for an upcoming pick.

[0086] The layout depicted in Figure 3A includes various areas: an induction area
308, a pick-to-cart area 302, a pick-cell area 310, a pick-cell staging area 312, a high-density
storage area 304, a finalizing area 314, and a freight or modular storage unit elevator (not
shown) for multi-level access when the layout includes multiple floors. In some cases, the
layout may include multiple levels of mezzanine with one or more of the different
zones/areas. In some implementation, cart AGVs 116 are staged in the induction area 308
and are set up for picking sessions. In some implementations, cartons are assembled, labeled
with unique scannable visual identifiers to associate them with specific orders, and are placed
on the supports (e.g., cart shelves) of the cart AGVs 116 in the induction area 308.

[0087] The pick-to-cart area 302 is configured for high-velocity and/or volume items
and advantageously reduces capital associated to handle this type of item class. Inventory
may be stored in high-volume storage in cartons or pallets, for example. High velocity items
may be divided into pick zones, each zone may include a plurality of bays (e.g., 4, 5, 6+),
which may be balanced by the SKU routing engine based on demand by the SKU routing
engine. Cart AGVs 116 may be scheduled by the REX 132 to autonomously visit these
zones, and pickers accompanying the cart AGVs 116 may be guided by the picking hardware
(e.g., pick-to-voice and/or pick-to-light) controlled by the picking system 108. In an
example, a cart AGV 116 is instructed by the REX 132 to stop directly in front of a bay
location. The cart AGV 116 may self-locate using a guidance system. For example, the
guidance system may include guidance system locators or markers, such as guide tape
(magnetic, colored, etc.), laser target navigation, inertial navigation, vision guidance,
geolocation, QR codes on the floor of the distribution facility, RFID (radio frequency
identification) tags, beacons, etc., that can be used to locate and navigate AGVs in the
distribution facility. Further, the AGVs may include guidance system components
configured to read the guidance system locators, such as a QR code reader, wireless radio,

etc.
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[0088] After the picker picks the item and confirms the pick with the picking
hardware, the cart AGV 116 autonomously moves to the next sequential bay until the picks
are complete. As shown in Figure 3A, a cart AGV 116 has the capability to bypass zones,
bays, shelves, etc., without picks. Each zone can have dedicated cart AGV 116 accumulation
or queue before the zone to reduce cycle time.

[0089] The picking station area may include pick-cell stations 316a, 316b, and 316¢
situated along primary path(s) via which the cart AGVs 116 are routed. In Figure 3A, the
pick-cell stations 316 are situated opposing a portion of the pick-to-cart area 302 and the cart
AGVs 116 may be routed to visit one or more of these pick-cell stations 316 depending on
the items that need to be picked and placed in the cartons of these cart AGVs 116. In the case
that in given cart AGV 116 does not require any items from the picking station area, it may
bypass it entirely and proceed to the finalizing area 314.

[0090] In some implementations, for a given picking session, the REX 132 may
establish a single line picking configuration in which the picker and the cart travel through an
inventory pick path along a single line until the picks are fulfilled. In further
implementations, based on demand, a fast moving area may be established by the REX 132
that includes multiple routes: a higher speed line that includes single line picking for low-
demand items and another area for high demand items. This combination can advantageously
balance daily labor.

[0091] The layout may also include a replenishment area 318 in which modular
storage units 602 are replenished with items. For instance, item inventory in a given modular
storage unit 602 may be replenished by a picking AGV 114 that picks the modular storage
unit 602 from static shelves and transports them to the replenishment area 318 where a case
may be opened and items from the case placed directly into the modular storage units 602.
One or more items (whether of the same type of item or different types) can be placed in a
given modular storage unit 602. In some cases the modular storage unit 602 may be
replenished while it is in the static shelf. Having multiple options (manual or AGV) for
replenishment has more flexibility to adjust to resource allocation and schedule. Additionally
or alternatively, the picking AGV 114 can swap out the modular storage unit 602 with
another containing the same SKUs which has been prepared ahead of time and staged for that
purpose.

[0092] In some implementations, the REX 132 may instruct picking AGVs 114 to

replenish and distribute modular storage units 602 in different locations of the high-density
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storage area 304 based on order history. In these implementations, items with high order
frequency orders may be distributed in more locations than items with lower order frequency.
The WES 102 may maintain a moving minimum based on order quantity minimizing the
need to use inventory from two locations to fulfill an order, and the REX 132 may schedule
the AGVs accordingly.

[0093] The modular storage units 602 storing items may be moved by picking AGVs
114 from high-density storage area 304 into a staging area 312 and staged for movement into
a pick-cell station for an upcoming pick. In some implementations, the storage units of
faster-moving items may be moved directed to a pick cell 382 in a given pick-cell station
316.

[0094] In further implementations, the REX 132 may instruct a picking AGV 114 to
transfer a modular storage unit 602 between cells of a pick-cell station 316, or between pick-
cell stations 316 (e.g., 316a and 316b) without having to expend the time to return the
modular storage unit 602 to the high-density storage area 304.

[0095] Figure 3A also illustrates example paths of AGVs through the distribution
facility. The paths are represented by dotted lines, cart AGVs 116 are represented by ovals,
and picking AGVs 114a...114d are represented by diamonds.

[0096] Example cart AGV paths are illustrated in Figure 3A, for example, a cart AGV
116 may navigate from an induction area 308, on a path through the pick-to-cart area 302,
and then to one or more pick-cell stations 316. Once the picks for the cart AGV 116 have
been completed, it may navigate to a finalizing area 314 where cartons are prepared for
shipment, for example. Once the cartons have been removed from the cart AGV 116, the cart
AGYV 116 may return to the induction area 308 to start through the process again.

[0097] Example picking AGV paths are also illustrated in Figure 3A, for example, a
picking AGV 114a may transport a modular storage unit E from a first pick-cell station 316a
to a replenishment area 318 for replenishment. A picking AGV 114b may retrieve a first
modular storage unit A from a first location, navigate to a second location, retrieve a second
modular storage unit B, and transport both the first and second modular storage units A and B
to a pick-cell station 316b. A picking AGV 114c may retrieve a modular storage unit C from
a first pick-cell station 316a and transport it to a second pick-cell station 316b. A picking
AGYV 114d may retrieve a modular storage unit D and transport it back to the high-density
storage area 304. It should be understood that these paths and implementations are provided

as examples and that other combinations are possible and contemplated herein. For example,
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one or more picking AGVs 114 may perform some or all of the paths illustrated as well as
others not illustrated in Figure 3A. Further, as described elsewhere herein, the automation of
the picking AGV 114 may be performed in synchronization with other actions (e.g.,
automation of cart AGVs 116, picking sessions or windows, movement of other AGVs or
pickers, etc.) in the hybrid modular storage fetching system.

[0098] Figure 3B is an illustration of an example pick-cell station 316. Each pick-cell
station 316 may include one or more pick cells 382. The pick cells 382 are a temporary
storage mediums (e.g., shelves, bays, etc.) for the modular storage units 602 (e.g., mini
pallets, totes, modular storage racks, etc.) and modular storage units 602 may be storage
containers that can be picked up or tugged and transported by a picking AGV 114. In some
cases the pick-cell station 316 may include an output device, such as a pick-to-light frame,
for carts, that matches the locations of the cartons in the cart and/or a pick-to-light frame 384
for the pick cells 382 to indicate the locations of modular storage units 602 to use for a
particular pick. For instance, a pick-cell station 316 may include an output device configured
to provide picking instructions to a picker, the picking instructions indicating to the picker
which of the items in the modular storage units 602 to place in a carton held on the carton
holder of the cart AGV 116.

[0099] One or multiple of the pick cells 382 may be organized into a staging area 312
around a picker in a pick-cell station 316, so that modular storage units 602 can be easily
accessed by the picker. In some implementations, a picking AGV 114 may be configured to
stage the modular storage units 602 at the staging area 312. For instance, a picking AGV 114
may approach from the rear of a pick cell 382 and stage (e.g., place, deliver, etc.) a modular
storage unit 602 on the pick cell 382. In some implementations, a modular storage unit 602
may be associated by the picking system 108 with a particular location in the staging area 312
to more precisely direct a picker to the location of the modular storage unit 602 (e.g., using a
pick-to-light or other output system).

[0100] At a given pick-cell station 316, a cart AGV 116 may arrive and situate itself
on one side of the station with the cartons on the cart AGV 116 facing the picker. On the
other sides of the station are pick cells 382 in which modular storage units 602 situated and
from which the picker may select items to fulfill the orders associated with the cartons. The
modular storage units 602 may contain one or more items, types of items (e.g., represented by

different universal product codes or stock keeping units), etc.

25



10

15

20

25

30

WO 2018/147953 PCT/US2018/012641

[0101] Figure 3C is an illustration of an example pick-cell station 316 in a
distribution facility. As illustrated, the distribution facility may include a pick-cell station
316 with stationary pick cell 382a, 382b, and 382c, one or more mobile pick cells 382d and
382e, and a plurality of AGVs 114a, 114b, 114c, and 116.

[0102] In some implementations, a pick cell 382 (e.g., 382d and 382¢) may be a
device that is mobile and can be transported by an AGV (e.g., a cart AGV 116). A mobile
pick cell 382d or 382e can be preconfigured with modular storage units 602 prior to picking
and then transported to the pick-cell station 316. For example, a particular pick-cell station
316 may accordingly fulfill orders with the items from the modular storage units 602
preconfigured or staged in one of the pick cells 382a, 382b, and 382c¢ of the pick-cell station
316.

[0103] A first picking AGV 114a is illustrated in Figure 3C interacting with a storage
shelf in the high-density storage area 304 to retrieve a modular storage unit 602 from the
storage shelf. A second picking AGV 114b is interacting with a mobile pick cell 382d, for
example, to preconfigure the mobile pick cell 382d for use in a pick-cell station 316, while a
second mobile pick cell 382¢ is in queue to be preconfigured by one or more picking AGVs
114. As illustrated in Figure 3C, another picking AGV 114c is interacting with a pick cell
382c¢ at a pick-cell station 316, for example to bring/retrieve a modular storage unit 602
to/from the pick cell 382c.

[0104] Figures 3D-3F are illustrations of example arrangements of storage shelves
and interaction with the storage shelves by a picking AGV 114. In particular, Figures 3D-3F
depict an example scenario in which a picking AGV 114 may move down a length of an aisle
392 flanked by shelving units (e.g., in a high-density storage area 304), may stop in front of a
target storage shelving unit 394 to retrieve a container 398, such as a modular storage unit
602 or other item. While the picking AGV 114 is positioned such that the left side or the
right side of the picking AGV 114 faces a face of the target shelving unit 394. One or more
controllers of the picking AGV 114 may instruct an extender (e.g., the CHM 716 or a
component thereof, as described elsewhere herein) to raise or lower the carrying surface 396
vertically and then move the carrying surface 396 sideways relative to the direction of
movement of the picking AGV 114 (e.g., in the aisle 392) to engage with the container 398.
The extender may be mountable at a proximal end to a frame of a picking AGV 114

proximate to an AGV item storage rack coupled with the picking AGV 114 and may have
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three or more degrees of freedom for retrieving and placing a container 398 on the item
storage rack, for example, as described in reference to Figure 7A.

[0105] For example, the picking AGV 114, may determine which storage shelf on a
target storage shelving unit 394 to align a carrying surface 396 of the extender with (based on
control instructions received from the REX 132), may elevate the carrying surface 396 to a
height based on the height of the storage shelf or a handling mechanism of the container 398.
In some instances, the picking AGV 114 may raise the carrying surface 396 toward the
storage shelf and stop once a scanner (e.g., coupled with the extender or carrying surface 396)
of the picking AGV 114 detects a shelf position marker (e.g., using the marker’s unique
identification code scanned from the marker and compared to control instructions received
from the REX 132, depending on the implementation).

[0106] In some implementations, the picking AGV 114 may adjust the extender so
that the carrying surface 396 may extend underneath the container 398, as illustrated in
Figure 3E. In some implementations, the extender may engage the carrying surface 396 with
the container 398 on a target shelf of the target shelving unit 394. The extender may lift the
container 398 off the target shelf by the carrying surface 396 until the container 398 is
supported completely by the carrying surface 396, retract the carrying surface 396 and move
the carrying surface 396 and container 398 (e.g., along X, Y, Z planes) from the first target
shelf to a second target shelf (e.g., on a storage rack coupled with the picking AGV 114 or
another target shelf in the operating environment). For instance, the extender may raise or
lower the carrying surface 396 to align it with a destination AGV shelf on the an AGV rack,
and then extend the carrying surface 396 toward the AGV shelf of the picking AGV 114 to
set the container 398 on the destination AGV shelf. In some instances, the extender may
disengage the carrying surface 396 from the container 398 once the container 398 is resting
on the AGYV shelf.

[0107] Figures 4A-4D are example methods for fulfilling an order in a hybrid
modular storage fetching system. Figure 4A is a flowchart of an example method for
receiving and routing order data 126. At 402, the WES 102 may receive an order including
items for distribution/fulfillment. The order may be reflected in order data 126 having a
unique identification code (e.g., unique product codes, stock keeping units, etc.) for an item
and a quantity associated with that item. The order may be assigned a carton (e.g., of a
particular size, dimension, etc.) for picking and/or shipping or, in some instances, split into

multiple cartons.
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[0108] At 404, the WES 102 may analyze the order to determine whether the order
includes items in pick-to-cart 302 and/or high-density storage areas 304. For example, a
unique identification code of the items in the order may be matched against information in
the data store 120 to evaluate the location (e.g., the particular zone, bay, shelf, modular
storage unit 602, etc.) and quantity of the item in the inventory of the distribution facility.
[0109] At 406, the WES 102 may generate a picking schedule including pick-to-cart,
MSF, and/or pick-cell routing, as described above. The generated picking schedule may
indicate timing, a particular cart AGV 116 to retrieve pick-to-cart items, a particular picking
AGYV 114 to retrieve items in high-density storage, and a particular pick-cell station 316 in
which the items from each zone may be combined in a carton. In some implementations, the
picking schedule may also indicate an induction station, finalizing area 314, particular path
through the distribution facility, particular pickers or operators assigned to the orders, etc.
[0110] At 408, the dispatch system 106 may transmit a signal identifying pick-to-cart
items, item locations, and, in some implementations, identification of a designated pick-cell
station 316 and time window for the items to be at the designated pick-cell station 316, to a
cart AGV 116. It should be noted that other information, such as routing directions, priority,
traffic of other AGVs, etc., may also be provided to the cart AGV 116 and/or a computing
device of picker(s) associated with the cart AGV 116 to refine the routing and autonomous
navigation of the cart AGV 116.

[0111] At 410, the dispatch system 106 may transmit a signal identifying high-density
items, corresponding modular storage units 602, locations of the corresponding modular
storage units 602, etc., to one or more picking AGVs 114 (e.g., multiple picking AGVs 114
may be employed to distribute the work of modular storage unit 602 transport). Other
information such as identification of a designated pick-cell station 316 and time window for
the items to be at the designated pick-cell station 316, routing directions, priority, traffic of
other AGVs, modular storage unit 602 dimensions, etc., may also be transmitted in the signal
to the picking AGV(s) 114.

[0112] Figure 4B is a flowchart of an example method for picking pick-to-cart items
using a cart AGV 116. At 422, the WES 102 may assign items to carton(s) and associate the
cartons with a cart in the database, and at 424, the dispatch system 106 may dispatch a cart
AGYV 116 with the cart to a pick-to-cart area 302, for example, as described above. In some
implementations, dispatching the cart AGV 116 may include connecting a connectable cart to

the cart AGV 116. For example, a cart AGV 116 may include a coupling mechanism that
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detachably couples the cart AGV 116 to a connectable cart. The coupling mechanism may
mate with a corresponding coupling component of the connectable cart, so that when the cart
AGYV 116 is under or adjacent to the connectable cart, the coupling mechanism may attach
the connectable cart, for instance, in response to a signal received from the dispatch system
106. The cart AGV 116 may then pull or push the connectable cart throughout an operating
environment, such as the distribution facility described in reference to Figure 3A.

[0113] At 426, the cart AGV 116 may navigate to a bay (e.g., a shelving bay) where a
pick-to-cart item is stored. For example, a guidance system coupled with the cart AGV 116
may read navigation markers and follow them until a destination defined by the REX 132 (or
another component of the system 100) is reached. For instance, the cart AGV 116 may stop
adjacent to the location where the item is stored (e.g., in front of a storage shelving unit).
[0114] At 428, the picking system 108 may output an instruction to an output device
of a picker identifying the item and quantity to be picked at that location. In some
implementations, the picking system 108 may coordinate lights or screens on the cart
indicating into which carton an item is to be placed and/or lights on a shelving bay/location of
the item in the pick-to-cart area 302 indicating the storage location of the item. Other
systems, such as audio (e.g., pick-to-voice), a mobile computing device indicating the
location of the item, etc., are possible.

[0115] At 430, the picking system 108 and/or cart AGV 116 may determine whether
there are additional items in the pick-to-cart area 302 assigned to the cart and, in response to
determining that there is an additional item, may return to 426 to navigate to the next location
of an item. In some implementations, the order of locations visited by the cart AGV 116 is
based on a picking list configured to order the picking according to a designated path through
the pick-to-cart area 302. In some implementations, the output, at 428, may indicate that an
item at a given location is to be picked into multiple cartons (e.g., which cartons may
correspond to separate orders) on the cart.

[0116] At 432, in response to a negative determination at 403, the picking system 108
may determine whether there are items in the high-density storage area 304 also assigned to
one or more cartons transported by the cart AGV 116 (and/or whether the cart is scheduled to
be delivered to a pick-cell station 316). At 434, if there are no items to be added to the
cartons from the high-density storage area 304 (or if, for example, these items are to be added
at the finalizing area 314), the cart AGV 116 may autonomously navigate to a finalizing area

314. At 436, if, however, there are additional items to be added to one or more of the cartons
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transported by the cart AGV 116 at a pick-cell station 316, the cart AGV 116 may
autonomously navigate to an assigned pick-cell station 316 to receive those items. This may
be done according to (e.g., at a time window set by) a picking schedule, in coordination with
an availability at the pick-cell station 316, and/or in coordination with one or more picking
AGVs 114 delivering items to the assigned pick-cell station 316 to be picked into cartons on
the cart AGV 116.

[0117] Figure 4C is a flowchart of an example method for retrieving items in modular
storage units 602 from a high-density storage area 304 using a picking AGV 114. The
method depicted in Figure 4C may be executed in coordination with the method depicted in
4B, as well as the other methods described herein.

[0118] At 442, the WES 102 may identify a location of a first modular storage unit
602 having an appropriate quantity of first items in response to receiving a signal to retrieve
those items from high-density storage (or another current location of a modular storage unit
602, such as a pick-cell station 316, replenishment area 318, etc.). As described above, the
quantity of particular items stored in a modular storage unit 602 and the current location (and,
in some instances, schedule of future locations) of the modular storage unit 602 are stored in
the data store 120. In some implementations, a particular carton, order, or plurality of orders
assigned to a cart may require multiple of a particular item. The WES 102 may verify that a
sufficient quantity of the item is located in a particular modular storage unit 602 prior to
signaling a picking AGV 114 to retrieve the particular modular storage unit 602. If a
particular modular storage unit 602 does not have a sufficient quantity of an item to fill all
designated cartons, the picking AGV 114 may retrieve a different modular storage unit 602
(e.g., having a sufficient quantity of the item), multiple modular storage units 602, or may
send an error for a replenishment system/area, a human operator, or other system to remedy
the error.

[0119] At 444, the WES 102 may identify a location of second modular storage
unit(s) 602 having appropriate quantities of second item(s). A set of cartons transported by a
cart AGV 116 may include any number of different items to be retrieved from high-density
storage by a picking AGV 114.

[0120] At 446, the picking AGV(s) 114 (e.g., multiple picking AGVs 114 may be
used) may autonomously navigate to a location of a first modular storage unit 602 in a high
density storage area, and at 448, the picking AGV 114 may retrieve the first modular storage

unit 602 (e.g., as described in reference to Figures 7A-71).
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[0121] At 450, a picking AGV 114 may then autonomously navigate to a location of a
second modular storage unit 602 in the high-density storage area 304 and retrieve a second
modular storage unit 602 (e.g., according to the method described in Figure 2B). The path of
a picking AGV 114 may be determined to efficiently retrieve each modular storage unit 602.
Additionally, the particular modular storage unit 602 (e.g., when multiple modular storage
units 602 have a certain item) may be selected based on the most efficient location for the
picking AGV 114 to retrieve and/or proximity to an assigned pick-cell station 316.

[0122] At 454, the picking AGV 114 may autonomously deliver the first modular
storage unit 602 to a pick-cell station assigned for the first modular storage unit 602 and, at
456, the picking AGV 114 may autonomously deliver the second modular storage unit 602 to
a pick-cell station 316 assigned for the second modular storage unit 602. In some
implementations, the pick-cell station 316 for the first and second modular storage units 602
may be the same pick-cell station 316. In some implementations, the pick-cell stations 316
for the different storage units may be different. For example, a picking AGV 114 may
deliver a first modular storage unit 602 to a first pick-cell station 316 and then autonomously
navigate to a second pick-cell station 316 to deliver the second modular storage unit 602.
[0123] Figure 4D is a flowchart of an example method for combining items from
different zones of the distribution facility at a pick-cell station 316. Once the cart AGV 116
has transported the cartons to the pick-cell station 316 and the picking AGV(s) 114 have
transported the modular storage units 602 to the pick-cell station 316, the picking system 108
(or another component) may output, at 462, instructions to an output device of a pick-cell
station 316 indicating an item to transfer from a modular storage unit 602 to a particular
carton. In some implementations, the output device or another computing device may also
receive confirmatory input indicating that the item has been placed in a designated carton.
[0124] At 464, the picking system 108 determines whether there are additional items
from the modular storage units 602 at the pick-cell station 316 assigned to a particular carton.
If there are addition items to be picked for a carton, the method may return to 462 for the next
item assigned to a carton. If there are no more items to be picked for a particular carton, the
picking system 108 may determine, at 466, whether there are additional items from modular
storage units 602 assigned to the set of cartons in the cart (e.g., brought by the cart AGV 116
to the particular pick-cell station 316). If there are additional items for additional cartons, the

method returns to 462 for those cartons and items and iterates accordingly. It should be noted
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that the order of the picking, output, confirmation, etc., process, may be changed without
departing from the scope of this disclosure.

[0125] If the picks for a set of cartons on a cart are complete at the pick-cell station
316, at 468, the cart AGV 116 may autonomously navigate to a finalizing area 314, for
instance, where the cart AGV 116 may decouple from the connectable cart and the cartons on
the connectable cart may be shipped either manually or by a machine for closing the cartons
and removing them from the cart.

[0126] A picking AGV 114 may move one or more of the modular storage units 602
from the pick-cell station 316. For example, at 470, a picking system 108 may determine
whether additional items from a particular modular storage unit 602 are assigned to the pick-
cell station 316 in a subsequent picking window (e.g., for a subsequent cart AGV 116
arriving at the pick-cell station 316). If the modular storage unit 602 (e.g., items remaining in
the modular storage unit 602) will be used again at the pick-cell station 316, at 472, the
modular storage unit 602 may be left at the pick-cell station 316 for an additional pick
window.

[0127] At 474, the WES 102 or picking system 108 may determine whether items
from a particular modular storage unit 602 are assigned to a different pick-cell station 316 in
a subsequent pick window and, if so, at 476, may direct the picking AGV 114 to retrieve the
modular storage unit 602 from the current pick-cell station 316 and deliver it to the different
pick-cell station 316.

[0128] At 478, the picking AGV 114 may retrieve one or more modular storage
unit(s) 602 from the pick-cell station 316, autonomously navigate to a location in the high-
density storage area 304, and store the modular storage unit 602 at that location. The
locations at which the modular storage units 602 are stored may be determined based on
availability, proximity to a pick-cell area 310, proximity to frequently co-ordered items,
frequency with which the items in the modular storage units 602 are retrieved, or any other
schema.

[0129] In some implementations, if all of a particular item in a modular storage unit
602 have been picked from the modular storage unit 602 (e.g., it is empty), then the picking
AGYV 114 may autonomously deliver the modular storage unit 602 to a replenishment area
318.

[0130] Figures 5A and 5B are illustrations of example cart AGVs 502a and 502b
(e.g., also referred to herein as 116). The example cart AGVs may include a cart AGV 502 or
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robot configured to autonomously transport pick-to-cart items, as described above. The cart
AGYV 502 may include or be adapted to autonomously transport a carton holder 504a or 504b
(e.g., a cart or shelves) that is adapted to hold cartons (not shown in Figures SA or 5B). For
example, a cart AGV 502 may push/pull a carton holder 504. In some implementations, a
carton may be a box placed on a shelf of the carton holder 504.

[0131] As illustrated in Figures SA and 5B, the cart AGV 502 may include a
substantially rectangular body and may include or be couplable to a connectable cart having
shelves (e.g., the carton holder 504a or 504b). The cart AGV 502 may couple to a
connectable cart via a coupling mechanism and matching coupling component (e.g., a latch
mechanism coupling the cart AGV 502 to the connectable cart). In some instances, the
shelves may be angled for easy loading of cartons to be filled with picked items.

[0132] In some implementations, the cart AGV 502 may also include a guidance
system that may detect, for instance, a human picker associated with the cart AGV 502 (e.g.,
via a tracking device on the picker, optical recognition, etc.), determine the picker’s position,
and reposition itself automatically based on the picker’s position by comparing the cart
AGV’s 502 position and the picker’s position, and a pre-determined offset (e.g., a distance in
front of, behind, and/or next to the picker). This advantageously allows the cart AGV 502 to
follow the picker.

[0133] Figures 5C and 5D are bottom-up illustrations of example AGV drive units
520. Figures 5C and 5D illustrate an example AGV 522, which may represent a cart AGV
116 or, in some instances, a picking AGV 114. For instance, Figures 5C and 5D depict
example wheel configurations of a cart AGV 116 and freedom of movement allowed by the
AGYV drive units 520.

[0134] A drive unit 520 of the AGV 522 may include one or more turntables 524a
and 524b coupled to a bottom surface of the AGV 522 and one or more drive motors coupled
to the turntables 524. The turntables 524 may each include wheels 526 coupled to drive
motors. For instance, the AGV 522 may include two turntables 524a and 524b each of which
include one or more drive motors, each of the drive motors coupled to one or more wheels
526, tracks, treads, etc. In some implementations, the wheels 526 may be located proximate
the corners of the frame, etc., to provide stability to the AGV 522 or may include additional
casters, for example, to provide additional stability to the AGV 522.

[0135] The turntables 524 may be motorized and coupled to a controller of the AGV
522 allowing the wheels 526 to rotate (e.g., 90 degrees, 360 degrees, more than 360 degrees),
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depending on the implementation. For instance, the wheels 526 may pivot about a center of a
turntable 524. Further, the wheels 526 may pivot collaboratively to spin the AGV 522
around the center axis 528 and/or maneuver the AGV 522 along essentially any X, Y
trajectory (forward, backward, sideways, etc.).

[0136] Figure 5D illustrates three situations, 530a, 530b, and 530c, showing example
movement of the AGV 522 using the example drive units 520. The arrows illustrated next to
the AGV 522 in each of 530a, 530b, and 530c show the direction of travel of the wheels 526
of the AGV 522. In 530a, both of the turntables 524 of the example AGV 522 are rotated, so
that the wheels 526 are aligned along a front-back direction (depending on the configuration
of the AGV 522), which allows the AGV 522 to move forward or backward. In 530b, the
turntables 524 are rotated 90 degrees from the front-back direction, so that when the wheels
526 on both turntables 524 move the same direction, the AGV 522 moves sideways relative
to the front-back direction. In 530c, the turntables 524 are rotated 90 degrees from the front-
back direction, but the wheels 526 are illustrated as moving in opposite directions, thereby
causing the AGV 522 to rotate about the center axis 528.

[0137] Figures 6A-6B are illustrations of example modular storage units 602a and
602b (also referred to herein as modular containers). In some implementations, the modular
storage units 602 are containers or sets of containers that may be moved between storage
shelves, pick cells 382, etc. Modular storage units 602 may have various heights and widths
(e.g., 2 to 24 inches high, and 1, 2, or 4 feet wide) and depths equal to the depths of shelving
units (e.g., 18 to 24 inches). For example, the modular storage units 602 may be sized and
configured to hold items commonly stocked in a fulfillment or distribution facility while also
fitting onto standard shelves. A modular storage unit 602 may include a holding structure
(e.g., a pallet as in 6A or a container as in 6B) adapted to hold items. The holding structure
may be adapted to interface with a CHM 716 and carrying surface 396 (e.g., a fork 720) of a
picking AGV 114.

[0138] As illustrated in Figure 6A, a modular storage unit 602a may comprise a pallet
or tote, which may be a holding vessel to support items designed to be picked up by a picking
AGYV 114 using its CHM 716. For example, a modular storage unit 602a may include a pallet
and a holding structure that supports items designed to be picked up by an AGV with forks or
another carrying surface 396. In some implementations, a pallet may be stackable. In some
implementations, a pallet may be attachable to a container to form a modular storage unit 602

such as the example depicted in Figure 6B.
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[0139] Figure 6B illustrates another example modular storage unit 602b. As
illustrated, a modular storage unit may include sides 604 and one or more divisions 608
dividing the modular storage unit 602b into multiple compartments. Further, in some
implementations, a modular storage unit 602b may include a door 610, which may be opened
and closed by a picker to provide easy access to items stored in the compartments. In some
implementations, a picking AGV 114 may automatically position the door 610 toward the
center of a pick-cell station 316 to allow access by a picker.

[0140] In some implementations, a modular storage unit 602 may include supports
612 that hold the modular storage unit 602 on a shelf, so that a carrying surface 396 of the
CHM 716 may slide under the modular storage unit 602 to pick the modular storage unit 602
up, as described elsewhere herein. In some implementations, a modular storage unit 602 may
include a handling component that interacts with a carrying surface 396 of a picking AGV
114 to remove the modular storage unit 602 from a storage shelf. The handling component
may be positioned on bottom, top, side, or front of the modular storage unit 602. For
example, a handling component may include a latch, French cleat, slots or arms for receiving
prongs of the carrying surface 396 (e.g., a fork 720), a bottom surface, indentation(s),
preconfigured channel(s), or other structures or formations that may be used by the carrying
surface 396 to support the modular storage unit 602. Accordingly, a carrying surface 396 of a
picking AGV 114 may be compatibly engageable with the coupling portion of the modular
storage unit 602 to lift the modular storage unit 602 from a first target shelving unit, retain the
modular storage unit 602 during handling, and place the modular storage unit 602 on a
second target shelving unit.

[0141] Figures 7A-7] are illustrations of example picking AGVs 702a, 702b, 702¢,
702d, and 702f (the picking AGVs 702a-702f are example implementations of the picking
AGYV 114 described elsewhere herein). The example picking AGVs 702a-702f may reach
and retrieve different sizes of modular storage units 602 (e.g., pallets, totes, containers, or
other items, etc.) from different levels of storage shelves using a CHM 716 and a carrying
surface 396.

[0142] Figure 7A depicts an example picking AGV 702a, which may include an AGV
body 710, a drive unit 712 housed within or coupled to the body 710, a power source (not
shown) housed within or coupled to the body 710, an AGYV item storage rack 706 with one or
more AGV shelves 714, a CHM 716, a carrying surface 396, a guidance system (not shown),

and one or more controllers (not shown), although other configurations are possible and
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contemplated herein. For instance, the example picking AGVs 702b-702f may include one or
more of the components described in reference to the picking AGV 702a and/or the picking
AGYV 702a may include one or more of the components described in reference to picking
AGVs 702b-702f.

[0143] The body 710 may include a front, a rear opposing the front, a left side
extending from the front to the rear, and a right side opposing the left side and extending
from the front to the rear. While various shapes and construction materials to the body 710
are possible, the body 710 may be configured to fit between rows of storage shelving in a
high-density storage area 304. The body 710 may be configured to house a drive unit 712,
power source, controller, and/or other components of the picking AGV 702a.

[0144] The drive unit 712 may be coupled to the body 710 and configured to receive
power from the power source to provide motive force to the picking AGV 702a and propel
the picking AGV 702a within an operating environment. In some implementations, the drive
unit 712 may receive instructions from one or more controllers instructing the drive unit 712
to cause the picking AGV 702a to move forward, backward, sideways, turn, or perform
another movement. In some implementations, the drive unit 712 may include electric motors
and wheels, although other configurations, such as treads are possible. For example, the
drive unit 712 may be configured as illustrated in Figures 5C and 5D.

[0145] The drive unit 712 may be wirelessly coupled via a controller to a wireless
interface and a wireless communications network to receive control signals from the dispatch
system 106 and/or other components of the system 100. In some implementations, the drive
unit 712 may be controlled as described in elsewhere herein, which may be executed using a
distributed computing system comprising AGVs, servers, controllers, etc., for example, as
shown in the system depicted in Figure 1.

[0146] The power source may be coupled to the components of the picking AGV
702a to provide power to the components, for example, the power source may provide power
to the CHM 716, the drive unit 712, a controller, or another component of the picking AGV
702a. The power source may include a battery, a wire, contact track in the operating
environment, induction charger, alternator or gas generator, etc.

[0147] Some implementations of the picking AGV 702 may include an AGV item
storage rack 706 (also referred to as AGV rack 706), such as illustrated coupled with the
example picking AGVs 702a-702c. While the AGV rack 706 is illustrated as coupled to the
top of the body 710, other configurations are possible, for example, the AGV rack 706 may
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be coupled in front of, behind, to the side of, or even towed or pushed by the picking AGV
706. The AGYV rack 706 may be positioned proximate to the CHM 716, so that the shelves
714 are within reach of the CHM 716 for the CHM 716 to place items on the shelves 714.
[0148] The AGYV rack 706 may include a single shelf 714 or a plurality of shelves 714
coupled to a frame. The shelves 714 may include flat surfaces, bays, containers, or other
mechanisms for holding a modular storage unit 602 or other item. At least one of the shelves
714, where equipped, is capable of storing the item during transit of the picking AGV 702a.
[0149] The plurality of shelves 714 may be vertically arranged and, in some
implementations, one or more of the shelves 714 may have an adjustable height (e.g.,
adjusted manually or automatically using a motor coupled with the picking AGV 702a) on
the AGV rack 706. In some implementations, a controller of the picking AGV 702a may
determine a current height of a particular shelf of the plurality of shelves 714, for example,
using an optical scanner or retrieving a stored height of an the particular shelf from a database
(e.g., on the data store 120). For example, one or more of the shelves 714 may include a
marker readable by an optical scanner coupled with the CHM 716 or carrying surface 396 to
indicate to the CHM 716 a location or identification of the a particular shelf. In some
implementations, a controller of the picking AGV 702a may store a shelf identifier for a shelf
714 in association with a height or size of the shelf 714, or an identifier of an item or modular
storage unit 602 stored on the shelf 714.

[0150] In some implementations, a shelf 714 onto which an item is placed may be
selected based on the size, height, weight capacity, or other attributes of the shelf 714. For
example, a modular storage unit 602 of a given size may be placed on a shelf 714 having a
corresponding size. In another example, a modular storage unit 602 having a threshold
weight may be placed on a lower shelf 714 of the AGV rack 706 than a modular storage unit
602 having a lighter weight than the threshold.

[0151] The container handling mechanism or CHM 716 may include an extender for
extending a carrying surface 396 from a picking AGV 702 to a storage shelving unit that is
separate from the picking AGV 702. The CHM 716 may have three or more degrees of
freedom to move the carrying surface 396 along three or more axes thereby allowing the
CHM 716 to retrieve an item from a first target shelving unit using the carrying surface 396
and the three or more degrees of freedom and place the item on a second target shelving unit,

as described in further detail in reference to Figure 2B.
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[0152] In some implementations, the CHM 716 may include a mast having an
elevator 708 coupled with the body 710 and/or AGV rack 706. The elevator 708 lifts and
lowers a platform 718 supporting a carrying surface 396. The elevator 708 moves the CHM
716 along a Z axis to lift and set down the container.

[0153] In some implementations, the platform 718 extends or retracts the carrying
surface 396 horizontally between the picking AGV 702a and a storage shelving unit. In some
implementations, the platform 718 may also extend or retract the carrying surface 396 into or
out of one or more of the AGV shelves 714 to place an item on one of the AGV shelves 714.
The CHM 716 includes a moveable platform 718 having a carrying surface 396 capable of
translating along a plane in two or more dimensions and/or rotating about a vertical axis. For
example, the platform 718 (or other component of the CHM 716, depending on the
implementation) may translate the carrying surface 396 along any X and Y coordinates (e.g.,
sideways/left and right relative to the front of the picking AGV 702a; forward and backward
relative to the front of the picking AGV 702a; etc.). This allows the CHM 716 to retrieve an
item from a storage shelf and move it to and place it on an AGV shelf 714 supported by the
frame, and vice versa. The CHM 716 may be adjustable to translate between an X axis, Y
axis, a combination, etc.

[0154] In some implementations, the platform 718 may comprise two platforms
coupled to one another, a first of which moves along a first horizontal axis and a second of
which moves along a second horizontal axis perpendicular to the first horizontal axis. For
instance, the first platform may be coupled with the elevator 708 and the second platform, so
that the first platform may move the second platform along the first horizontal axis. The
second platform may be coupled with the first platform and the carrying surface 396, so that
the second platform may move the carrying surface 396 along the second horizontal axis.
[0155] The CHM 716 may be capable of moving items between the different shelves
714 in the AGYV rack 706, one or more storage shelving units in a high-density storage area
304, one or more pick cells 382 in a pick-cell station 316, and, in some instances, to or from
other target shelves (e.g., in an induction area 308, replenishment area 318, etc.).

[0156] In some implementations, the picking AGV 702a may include a scanner
coupled with the carrying surface 396, platform 718, etc., that can read signatures or markers
to determine location. For example, the scanner may be an optical scanner configured to read
visual identifiers (e.g., labels including a QR code, bar code, etc.) to determine which shelf

714 the CHM 716 or the carrying surface 396 is aligned with. The optical scanner may scan
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a shelf marker on one or more of the AGV shelf 714 or a detached storage shelf. The shelf
marker may indicate a position and/or identification code of shelves and/or modular storage
units 602, for example.

[0157] In some implementations, the elevator 708 may include positional sensors to
determine the position of CHM 716 and/or align the carrying surface 396 with a target shelf
(whether an external or integrated with the picking AGV 702a).

[0158] The carrying surface 396 may be coupled to or integrated with the CHM 716
and is configured to support a modular storage unit 602 or other item. In some
implementations, the carrying surface 396 is connected at a distal end of the CHM 716 or
extender. The carrying surface 396 may be movable by the CHM 716 vertically parallel
relative to a face of the AGV rack 706, perpendicularly relative to the face of the AGV rack
706, and horizontally parallel relative to the face of the AGV rack 706. The carrying surface
396 may be extendable by the CHM 716 using the three or more degrees of freedom to
retrieve a certain item or modular storage unit 602 from a separate shelving unit located
within reaching distance of the CHM 716 and retractable using the three or more degrees of
freedom to place the certain item on one of the AGV shelves 714 of the AGV rack 706.
[0159] In some implementations, the carrying surface 396 may be adapted to interface
with a modular storage unit 602, as described in reference to Figure 2B. For example, the
carrying surface 396 is compatibly engageable with a handling component of the modular
storage unit 602 to lift the modular storage unit 602 from the separate shelving unit, retain the
modular storage unit 602 during handling, and place the modular storage unit 602 on the one
of the shelves 714 of the AGV rack 706.

[0160] In some implementations, the carrying surface 396 may include forks 720,
such as those depicted in Figures 7D-7J, which are designed to engage with a corresponding
support structure (e.g., the handling component or supports 612) of the modular storage unit
602. The carrying surface 396, including the forks 720, may be made of any material, such
as plastic or metal, which is sufficiently strong to support a modular storage unit 602 or other
item.

[0161] The picking AGV 702a may include a guidance system that determines a
location of the picking AGV 702a within the operating environment. For instance, the
guidance system may include one or more sensors that detect and process navigation markers
(e.g., QR codes, RFID labels, etc.) to locate the picking AGV 702a as the picking AGV 702a

traverses the operating environment. The guidance system may be coupled to a controller of
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the picking AGV 702a, which may, in some instances, include local object detection
intelligence and processing to avoid collision with other objects (e.g., AGVs, humans, items,
storage shelving units, etc.) in the operating environment.

[0162] The picking AGV 702a may include one or more controllers coupled with the
guidance system, CHM 716, drive unit 712, dispatch system 106, etc., to perform the
operations described herein. For instance, the one or more controllers may receive a signal
from the REX 132 (e.g., via the dispatch system 106) and signal the drive unit 712 to propel
the picking AGV 702a. The one or more controllers may communicate with the guidance
system to determine a location of the picking AGV 702a within the operating environment
and, using the drive unit 712, navigate through the operating environment. The one or more
controllers may receive a signal from the REX 132 indicating to retrieve a particular item
from a target storage unit, in response to which, the one or more controllers may instruct the
drive unit 712 to position the CHM 716 adjacent to the target shelving unit using the current
location determined by the guidance system and then direct the CHM 716 to retrieve the item,
for example, as described in reference to Figure 2B.

[0163] Figures 7B and 7C illustrate another example picking AGV 702b. As
illustrated, the picking AGV 702b may include an AGYV item storage rack 706 with a
plurality of shelves arranged vertically. The CHM 716 of the picking AGV 702b may also
include a mast having an elevator 708 and a platform 718, which may be raised or lowered
using the elevator 708. The platform 718 may extend the carrying surface 396 along a first
direction toward the AGV rack 706 or, perpendicularly to the first direction, toward a storage
shelving unit adjacent to the picking AGV 702b.

[0164] The example picking AGVs 702¢ and 702d depicted in Figures 7D-7G may
include an elevator 708 that raises or lowers a platform 718. The example platform 718 of
the picking AGV 702c may support a carrying surface 396 in the form of forks 720. The
forks 720 may extend outward from the picking AGV 702c to interface with a modular
storage unit 602 in a shelving unit 722, as illustrated in Figure 7E, and may be retractable, so
the forks 720 may be placed at any desired height and maneuvered underneath a modular
storage unit 602 and to lift the modular storage unit 602 from a shelving unit 722 during
extraction of the modular storage unit 602 from the shelving unit 722.

[0165] In some implementations, the platform 718 may be configured to rotate a
carrying surface 396, such as the forks 720 so that the forks 720 may extend or be extended

about a horizontal plane, as described above. For instance, the forks 720 may extend and
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then retract along a first horizontal axis to retrieve a modular storage unit 602, as described
above. Once the forks 720 have retracted, the platform 718 may rotate the forks 720, so that
they may be extended along a second horizontal axis, for example, to place the modular
storage unit 602 on an AGV shelf.

[0166] As illustrated in Figures 7H-7J, the CHM 716 may include a robotic arm 726
or 726b, which moves a carrying surface 396, such as the forks 720 illustrated in Figures 7H-
7). The robotic arm 726 may pivotable or otherwise articulable to extend the forks 720
underneath a modular storage unit 602 in order to lift the modular storage unit 602 from a
shelving unit 722. In some implementations, such as is illustrated in Figure 71, a CHM 716
of the picking AGV 702f may include a mast coupling an elevator 708 to the picking AGV
702f. The elevator 708 may raise or lower the robotic arm 726 to interact with various
shelves of a shelving unit 722.

[0167] Although the example picking AGVs 702¢-702f, are not illustrated as
including AGV shelves, it should be noted that they may include AGV shelves, as described
elsewhere herein, depending on the implementation.

[0168] Figure 8 is an illustration of example modular storage units 602a and 602b on
storage shelving units 802. As illustrated in Figure 8, a modular storage unit 602 may have a
flat or other shaped bottom which may be configured to rest on a shelf, such as the partial
shelf 806 illustrated in Figure 8.

[0169] In some implementations, the storage shelving unit 802 may include one or
more support members 804, such as poles, beams, planks, etc., which are attached to and
provide support to partial shelves 806. For instance, the a partial shelf 806 may extend only
partially underneath the modular storage units 602, so that a carrying surface 396 may more
easily fit under the modular storage unit 602 to lift the modular storage unit 602 from the
partial shelf 806, as described elsewhere herein.

[0170] In some implementations, the storage shelving unit 802 may include several
partial shelves 806 vertically arranged on the support members 804 in order to create a
plurality of levels of the storage shelving unit 802 from which modular storage units 602 can
be retrieved by a picking AGV 114.

[0171] Figure 9 is an illustration of an example modular storage unit 602 supported
by support members 804a, 804b, and 804c¢ (e.g., a fourth support member 804 may be hidden
in Figure 9). In some implementations, a partial shelf 806 may be attached to a single

support member 804 or may extend between two or more support members 804. For
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instance, as illustrated in Figure 9, a partial shelf 806a, 806b, and 806¢ (e.g., a fourth support
member 804 may be hidden in Figure 9) may be attached to each of the support members
804a, 804b, and 804c and may be configured to each support a corner of the modular storage
unit 602, for example.

[0172] In the depicted implementation, the modular storage unit 602 includes a base
member 902. The base member 902 may be attached to or integrated with the modular
storage unit 602 and may extend between the partial shelves 806 to support the modular
storage unit 602 when the modular storage unit 602 is stored in the storage shelving unit 802.
[0173] It should be noted that the components described herein may be further
delineated or changed without departing from the techniques described herein. For example,
the processes described throughout this disclosure may be performed by fewer, additional, or
different components.

[0174] It should be understood that the methods described herein are provided by way
of example, and that variations and combinations of these methods, as well as other methods,
are contemplated. For example, in some implementations, at least a portion of one or more of
the methods represent various segments of one or more larger methods and may be
concatenated or various steps of these methods may be combined to produce other methods
which are encompassed by the present disclosure. Additionally, it should be understood that
various operations in the methods are iterative, and thus repeated as many times as necessary
generate the results described herein. Further the ordering of the operations in the methods is
provided by way of example and it should be understood that various operations may occur
earlier and/or later in the method without departing from the scope thereof.

[0175] In the above description, for purposes of explanation, numerous specific
details are set forth in order to provide a thorough understanding of the present disclosure.
However, it should be understood that the technology described herein can be practiced
without these specific details in various cases. Further, various systems, devices, and
structures are shown in block diagram form in order to avoid obscuring the description. For
instance, various implementations are described as having particular hardware, software, and
user interfaces. However, the present disclosure applies to any type of computing device that
can receive data and commands, and to any peripheral devices providing services.

[0176] In some instances, various implementations may be presented herein in terms
of algorithms and symbolic representations of operations on data bits within a computer

memory. An algorithm is here, and generally, conceived to be a self-consistent set of
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operations leading to a desired result. The operations are those requiring physical
manipulations of physical quantities. Usually, though not necessarily, these quantities take
the form of electrical or magnetic signals capable of being stored, transferred, combined,
compared, and otherwise manipulated. It has proven convenient at times, principally for
reasons of common usage, to refer to these signals as bits, values, elements, symbols,
characters, terms, numbers, or the like.

[0177] It should be borne in mind, however, that all of these and similar terms are to
be associated with the appropriate physical quantities and are merely convenient labels
applied to these quantities. Unless specifically stated otherwise as apparent from the

following discussion, it is appreciated that throughout this disclosure, discussions utilizing

LT e

terms such as “processing,” “computing,” “calculating,” “determining,” “displaying,” or the
like, refer to the action and methods of a computer system that manipulates and transforms
data represented as physical (electronic) quantities within the computer system’s registers and
memories into other data similarly represented as physical quantities within the computer
system memories or registers or other such information storage, transmission or display
devices.

[0178] A data processing system suitable for storing and/or executing program code,
such as the computing system and/or devices discussed herein, may include at least one
processor coupled directly or indirectly to memory elements through a system bus. The
memory elements can include local memory employed during actual execution of the
program code, bulk storage, and cache memories that provide temporary storage of at least
some program code in order to reduce the number of times code must be retrieved from bulk
storage during execution. Input or I/O devices can be coupled to the system either directly or
through intervening 1/O controllers. The data processing system may include an apparatus
may be specially constructed for the required purposes, or it may comprise a general-purpose
computer selectively activated or reconfigured by a computer program stored in the
computer.

[0179] The foregoing description has been presented for the purposes of illustration
and description. Itis not intended to be exhaustive or to limit the specification to the precise
form disclosed. Many modifications and variations are possible in light of the above
teaching. It is intended that the scope of the disclosure be limited not by this detailed

description, but rather by the claims of this application. As will be understood by those

familiar with the art, the specification may be embodied in other specific forms without
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departing from the spirit or essential characteristics thereof. Likewise, the particular naming
and division of the modules, routines, features, attributes, methodologies and other aspects
may not be mandatory or significant, and the mechanisms that implement the specification or
its features may have different names, divisions, and/or formats.

[0180] Furthermore, the modules, routines, features, attributes, methodologies and
other aspects of the disclosure can be implemented as software, hardware, firmware, or any
combination of the foregoing. The technology can also take the form of a computer program
product accessible from a computer-usable or computer-readable medium providing program
code for use by or in connection with a computer or any instruction execution system.
Wherever a component, an example of which is a module or engine, of the specification is
implemented as software, the component can be implemented as a standalone program, as
part of a larger program, as a plurality of separate programs, as a statically or dynamically
linked library, as a kernel loadable module, as firmware, as resident software, as microcode,
as a device driver, and/or in every and any other way known now or in the future.
Additionally, the disclosure is in no way limited to implementation in any specific
programming language, or for any specific operating system or environment. Accordingly,
the disclosure is intended to be illustrative, but not limiting, of the scope of the subject matter

set forth in the following claims.
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What is claimed is:

1. An automated guided vehicle (AGV) comprising:

a drive unit that provides motive force to propel the AGV within an operating
environment;

a container handling mechanism (CHM) including an extender and a carrying surface,
the CHM having three or more degrees of freedom to move the carrying
surface along three or more axes, the CHM retrieving an item from a first
target shelving unit using the carrying surface and the three or more degrees of
freedom and placing the item on a second target shelving unit; and

a power source coupled to provide power to the drive unit and the CHM.

2. The AGYV of claim 1, further comprising:

an item storage rack positioned proximate the CHM, the item storage rack including a
plurality of shelves, at least one shelf of the plurality of shelves capable of
storing the item during transit of the AGV, the CHM being capable of moving
the item between the first target shelving unit, one or more of the plurality of

shelves of the item storage rack, and the second target shelving unit.

3. The AGYV of claim 1, further comprising:

an item storage rack including a plurality of shelves that are vertically arranged on the
item storage rack, a first shelf of the plurality of shelves having an adjustable
height on the item storage rack, and

one or more controllers that
determine a current height of the first shelf of the plurality of shelves, and
instruct the CHM to place the item on the first shelf of the plurality of shelves

at the current height.

4. The AGV of claim 1, wherein the extender of the CHM includes:
a mast; and
an extendible arm connecting the carrying surface to the mast, the mast moving the

carrying surface vertically, via the extendible arm.
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5. The AGV of claim 1, wherein:

the item includes a modular container having a coupling portion, and

the carrying surface is compatibly engageable with the coupling portion of the
modular container to lift the modular container from the first target shelving
unit, retain the modular container during handling, and place the modular

container on the second target shelving unit.

6. The AGYV of claim 1, further comprising:
one or more controllers communicatively coupled to the CHM and the drive unit, the
one or more controllers:
signaling the CHM to retrieve the item from the first target shelving unit,
signaling the drive unit to propel the AGV from a first location to a second
location in the operating environment, the first target shelving unit
being located at the first location and the second target shelving unit
being located at the second location, and

signaling the CHM to place the item on the second target shelving unit.

7. The AGV of claim 6, wherein the one or more controllers:

determine a current location of the item within the operating environment, the current
location indicating a current placement of the first target shelving unit within
the operating environment, and

instruct the drive unit to position the CHM adjacent to the first target shelving unit

using the current location.

8. The AGV of claim 1, wherein:

the AGV has a front, a rear opposing the front, a left side extending from the front to
the rear, and a right side opposing the left side and extending from the front to
the rear,

the second target shelving unit comprises an item storage rack mounted to the AGV,
and

while the AGV is positioned such that the left side or right side faces a face of the first

target shelving unit, one or more controllers instruct the CHM to:
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engage, by the extender, the carrying surface with the item on a first target
shelf of the first target shelving unit,

lift the item off the first target shelf by the carrying surface and the extender,

move the item, by the carrying surface and the extender, from the first target
shelf to a second target shelf of the item storage rack,

set the item on the second target shelf by the carrying surface and the
extender, and

disengage, by the extender, the carrying surface from the item.

9. The AGYV of claim 1, further comprising:

a guidance system that determines a location of the AGV within the operating
environment, the guidance system including one or more sensors that detect
and process navigation markers to locate the AGV as the AGV traverses the

operating environment.

10. The AGYV of claim 1, further comprising an optical scanner coupled to the
CHM that scans a shelf marker on one or more of the first target shelving unit and the second
target shelving unit, the shelf marker indicating a position of the one or more of the first

target shelving unit and the second target shelving unit.

11. A method comprising:

navigating an automated guided vehicle (AGV) in an operating environment to a
location proximate a storage shelving unit having a storage shelf supporting an
item;

extending a carrying surface of a container handling mechanism (CHM) of the AGV
along a second axis relative to a forward direction of travel of the AGV, the
CHM having three degrees of freedom corresponding to three axes of
movement relative to a housing of the AGV, a first axis of the three axes
extending along the forward direction of travel, the second axis of the three
axes extending along a horizontal direction perpendicular to the first axis, and
a third axis of the three axes extending along a vertical direction perpendicular

to both the first axis and the second axis;
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lifting the carrying surface to lift the item along at least the third axis from the storage
shelf, the carrying surface supporting the item;

retracting the carrying surface along at least the second axis from the storage shelf;

raising the carrying surface along at least the third axis to situate the item proximate
to an AGYV shelf included on the AGV;

moving the carrying surface along at least the first axis until the item is positioned
above the AGV shelf; and

lowering the carrying surface along at least the third axis to place the item on the

AGYV shelf.

12. The method of claim 11, further comprising:

determining, by a guidance system, a location of the AGV within the operating
environment, the guidance system including one or more sensors that detect
and process navigation markers to locate the AGV as the AGV traverses the
operating environment; and

navigating, using the guidance system, the AGV from the location to a different

location in the operating environment using the guidance system.

13. The method of claim 12, further comprising:
determining a location of the storage shelf by scanning a shelf marker on the storage

shelf by an optical scanner coupled to the CHM.

14. The method of claim 11, wherein the AGV includes a storage rack including a

plurality of AGV shelves, the plurality of AGV shelves including the AGV shelf.

15. The method of claim 14, further comprising:

extending the carrying surface along the second axis toward a second storage shelf of
a second storage unit, the second storage shelf supporting a second item;

lifting the carrying surface to lift the second item along at least the third axis from the
second storage shelf, the carrying surface supporting the second item;

retracting the carrying surface along at least the second axis from the second storage

shelf;
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raising the carrying surface along at least the third axis to situate the second item
proximate to a second AGV shelf of the plurality of AGV shelves of the
storage rack;

moving the carrying surface along at least the first axis until the second item is
positioned above the second AGV shelf; and

lowering the carrying surface along at least the third axis to place the second item on

the second AGV shelf.

16. The method of claim 14, further comprising:

adjusting a height of the AGV shelf to accommodate a size of the item.

17. The method of claim 11, further comprising

navigating the AGV to a different location within the operating environment, the
different location within the operating environment including a pick-cell
station, the pick-cell station receiving items from a plurality of AGVs; and

issuing instructions to a picker at the pick-cell station to place the item in a given

carton with one or more other items.

18. An item handling and storage mechanism for an automated guided vehicle
(AGYV), comprising:

an item storage rack mountable to a frame of the AGV, the item storage rack
including a plurality of shelves, each shelf of the plurality of shelves capable
of storing an item;

an extender mountable at a proximal end to the frame of an AGV proximate to the
item storage rack, the extender having three or more degrees of freedom; and

a carrying surface connected at a distal end of the extender, the carrying surface being
movable by the extender vertically parallel relative to a face of the item
storage rack, perpendicularly relative to the face of the item storage rack, and
horizontally parallel relative to the face of the item storage rack, the carrying
surface being extendable by the extender using the three or more degrees of
freedom to retrieve a certain item from a separate shelving unit located within

reaching distance of the extender and retractable using the three or more
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degrees of freedom to place the certain item on one of the shelves of the item

storage rack.

19. The item handling and storage mechanism for AGV of claim 18, further
comprising an optical scanner coupled to the extender that scans a shelf marker on the
separate shelving unit, the shelf marker indicating a position of a shelf of the separate

shelving unit.

20. The item handling and storage mechanism for AGV of claim 18, wherein:

the item includes a modular container having a coupling portion, and

the carrying surface is compatibly engageable with the coupling portion of the
modular container to lift the modular container from the separate shelving
unit, retain the modular container during handling, and place the modular

container on the one of the shelves of the item storage rack.
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