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SPACE-EFFICIENT ORDER FULFILLMENT SYSTEM FOR WORKFLOW BETWEEN
SERVICE AREAS

CROSS-REFERENCE TO RELATED APPLICATIONS
5 [0001] This application claims priority to and the benefit of the provisional patent
application titled “Space Efficient Order Fulfillment Facility Using ASRS Structure and
Robotic Vehicles Thercof For Workflow Between Service Areas”, application number
62/846,295, filed in the United States Patent and Trademark Office (USPTO) on May 10, 2019.
The specification of the above referenced patent application is incorporated herein by reference

10 inits entirety.

BACKGROUND
Technical Field
[0002] The embodiments herein, in general, relate to order fulfillment centers for
15  storing vendor inventory and fulfilling customer orders from the stored vendor inventory. More
particularly, the embodiments herein relate to a space-efficient order fulfillment system for
workflow between different service areas configured in a continuous arrangement around an
automated storage and retrieval system (ASRS) structure navigable by a fleet of robotic
storage/retrieval vehicles.
20 Description of the Related Art
[0003] Electronic commerce (e-commerce) has changed the way customers purchase
items. As e-commerce continues to grow at a significant rate and overtake conventional brick
and mortar retail practices, many businesses are facing notable challenges of maintaining or
gaining relevance in an online marketplace and being able to compete with prominent players
25  in the space. Accordingly, there is a need for solutions by which vendors can shift away from,
or supplement, conventional supply chain, distribution and inventory management practices to
re-focus on direct-to-customer order fulfillment. Order fulfillment is a complete end-to-end
process involving receiving, processing, and delivering orders to end customers. There is a
need for order fulfillment systems capable of handling substantial volumes of inventory with
30  both time, space and service efficiency.
[0004] Conventionally, fulfillment of customer orders follows a linecar workflow,
where each fulfillment process occurs in a sequence defined by a typical one-way flow of a
conveyor system. Once the workflow is designed and conveyors bolted down to a warchouse

floor, the fulfillment workflow is substantially difficult to modify to changing requirements.
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As customer service expectations are rapidly increasing, retailers aim to differentiate
themselves by focusing on customer experience. As a result, there is a need for automation
systems that have the ability to be adapted to changing conditions casily and flexibly.
Moreover, conventional systems split each fulfillment workflow into separate functions
managed by independent entities connected by fixed conveyor belts. Warehouse processes
typically include receiving, induction, value-added service, returns processing, order picking,
order packing, and last-mile sortation, which are typically separate processes serviced by
independent material handling equipment connected by linear conveyors. There is a need for
completing all warchouse processes by one automated material handling system that does not
require conveyors between service areas. Furthermore, conventional systems require oversized
items picked from a manual environment to be packaged and shipped separate from that picked
from an automated storage and retrieval system.

[0005] Another difficulty of conventional approaches to fulfillment is that due to the
reliance of one-way conveyors between processes, buffer storage is required if flow rates differ.
Without buffer storage, if an upstream process processes goods faster than a downstream
process at any given time, material can quickly accumulate and overwhelm the system to a halt.
Due to the complexity and expense of buffer storage for each process, conventional automation
solutions attempt to solve the problem with careful upfront equipment and workflow design
and meticulous management during operation to ensure acceptable flow between processes. As
a result, once established, workflows cannot be flexibly changed and warehouses remain
vulnerable to interruptions from unforeseen circumstances.

[0006] Moreover, in conventional approaches, goods are received and identified at a
facility or a warchouse, for example, by a barcode scan, a radio frequency identification (RFID)
scan, etc., by each process to complete the logical transfer of custody between entities, which
is another drawback of conventional logistics. Furthermore, since conventional automated
solutions rely on miles of ground-fixed conveyors, the footprint of the entire operation is
relatively large since most of the vertical space above the conveyor systems and workstations
is not used.

[0007] FIG. 1 (prior art) illustrates a top plan view of a conventional order fulfillment
center 100 using known inventory storage and handling equipment. Conventional order
fulfillment centers receive and store inventory of one or more vendors, fulfill orders placed by
customers of the vendor(s), and may also handle customer returns. As illustrated in FIG. 1, the
facility layout of the order fulfillment center 100 comprises a receiving area 102 located

adjacent to inbound shipping docks of the facility. Inbound transport service vehicles 101 drop
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off new inventory items and customer returns, herein collectively referred to as “inbound
items”, in loose or palletized cases at the receiving areca 102. The cases of inbound items are
placed on an intake conveyor 103 and conveyed thereby to a value-added service (VAS) and
returns area 104. At VAS stations 105 of the VAS and returns area 104, the new inventory
items are labeled, tagged, repackaged, or otherwise processed according to prescribed VAS
requirements of each vendor. At this VAS and returns area 104, the intake conveyor 103 also
serves the customer returns to multiple return-handling stations 106 at which the condition of
the returned items are inspected to assess their suitability for return into the vendor’s inventory
for re-sale to another customer.

[0008] The VAS-processed new inventory items and inventory-suitable customer
returns, herein collectively referred to as “processed inventory”, are conveyed further
downstream from the VAS and retumns area 104 to a decanting area 107 at which individual
items of the processed inventory are placed into storage units, for example, storage bins, trays,
totes, etc., for induction into an automatic storage and retrieval system (ASRS) 108. The ASRS
108 comprises an array of storage locations of compatible size and shape for receiving the
inventory-filled storage units. The ASRS 108 further comprises a fleet of robotic vehicles or
handling equipment operable to deposit and retrieve the storage units to and from the storage
locations of the ASRS 108. A conventional ASRS 108 is typically arranged in an aisle-based
layout where aisles traversable by robotic vehicles have racking or shelving on opposing sides
of each aisle as illustrated in FIG. 1.

[0009] In response to placed orders, the robotic vehicles or handling equipment extract
the storage units containing the ordered inventory items from their respective storage locations
in the ASRS 108 and transfer the storage units to a buffer/sortation conveyor 110 located
outside the ASRS 108, from which the extracted storage units are directed to different picking
stations in a picking area 109 of the facility. The picking area 109 is typically located remotely
of the ASRS 108 at a discretely spaced distance outward from the ASRS 108. At the picking
stations of the picking area 109, the ordered inventory items are picked in their ordered
quantities from the extracted storage units and conveyed back to the buffer/sortation conveyor
110. The buffer/sortation conveyor 110 distributes the picked inventory items to respective
order filling locations 111 distributed along the buffer/sortation conveyor 110, where chutes or
workers place the inventory items of each order into a respective order container, for example,
a bin or atote. An order conveyor 112 then conveys the order container further downstream to
a packing area 113, at which the ordered items are packed into one or more shipping packages,

which have shipping labels applied thereto. The order conveyor 112 then conveys the shipping
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package(s) with their respective shipping labels further downstream to a shipping arca 114. At
the shipping area 114, the packaged order is palletized together with other packaged orders that
are destined for a geographically similar delivery area, for example, by zip code or postal code,
and that have been designated for pickup by the same transport carrier. Outbound transport
service vehicles 115 pickup the palletized orders at the outbound shipping docks of the facility.
Oversized inventory that is too large to fit in the ASRS 108 and optionally extra reserve
inventory are stored outside the ASRS 108 at a separate reserve and oversized item storage
area 116 located remotely of the ASRS 108 at a discretely spaced distance from the ASRS 108.
The layouts of the order fulfillment center 100 illustrated in FIG. 1 and other conventional
order fulfillment centers rely on extensive, long-range conveyor systems, numerous aisles
between racks, and widely spaced out and discontinuous service areas, and are, therefore,
space, service and equipment intensive.

[0010] Hence, there is a long felt need for a space-efficient order fulfillment system
and method for workflow between different service areas. Moreover, there is aneed for a space-
efficient order fulfillment system comprising multiple different service areas configured in a
continuous arrangement around the ASRS to perform multiple functions, for example,
induction, decantation, value-added service (VAS) and returns processing, picking, packing,
last mile sortation, consolidation, etc., of an order fulfillment center in a continuous manner
using a fleet of robotic storage/retricval vehicles and multiple workstations that collaborate to
execute the workflow of the order fulfillment center. Furthermore, there is a need for
facilitating sortation in the different service areas using a two-dimensional lower grid structure
that extends from the ASRS and directly attaches to purpose-built workstations of the different

service areas.

SUMMARY

[0011] This summary is provided to introduce a selection of concepts in a simplified
form that are further disclosed in the detailed description. This summary is not intended to
determine the scope of the claimed subject matter.

[0012] The embodiments herein address the above-recited need for a space-efficient
order fulfillment system and method for workflow between different service areas. Moreover,
the embodiments herein address the above-recited need for a space-efficient order fulfillment
system comprising multiple different service areas configured in a continuous arrangement
around an automated storage and retrieval system (ASRS) to perform multiple functions, for

example, induction, decantation, value-added service (VAS) and returns processing, picking,
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packing, last mile sortation, consolidation, etc., of an order fulfillment center in a continuous
manner using a fleet of robotic storage/retrieval vehicles and multiple workstations that
collaborate to execute the workflow of the order fulfillment center. Furthermore, the
embodiments herein address the above-recited need for facilitating sortation in the different
service arcas using a two-dimensional lower grid structure that extends from the ASRS and
directly attaches to purpose-built workstations of the different service areas. The embodiments
herein provide a single, space-efficient, order fulfillment system that receives pallets of items
stored in cases from manufacturers as input and outputs customer orders in parcels on pallets
sorted by location, for example, by zip code or postal code, and picked up by carriers. The
order fulfillment system disclosed herein allows transport of storage bins between the different
service areas in any order and sequence instead of linearly with conveyors. Moreover, the order
fulfillment system disclosed herein allows performance of fulfillment tasks multiple times.
Furthermore, the order fulfillment system disclosed herein allows buffering of storage bins in
the ASRS structure between each process performed at the different service areas. Furthermore,
the continuity between each of the different service areas around the ASRS structure allows
direct physical transfer of the storage bins free of identification or scanning of the storage bins.

[0013] The order fulfillment system disclosed herein comprises an ASRS structure, a
fleet of robotic storage/retrieval vehicles (RSRVs), a supply of storage bins, and multiple
different service areas. The ASRS structure comprises a three-dimensional array of storage
locations distributed throughout a two-dimensional footprint of the ASRS structure at multiple
storage levels within the ASRS structure. The RSRVs are navigable within the ASRS structure
at least by travel in two dimensions over the two-dimensional footprint of the ASRS structure
at one or more service levels of the ASRS structure. The service level(s) is positioned above
and/or below the storage levels. The storage bins are of a compatible size and shape for storage
in the storage locations of the ASRS structure. The storage bins are configured to be carried by
the RSRVs within the ASRS structure during transfer of the storage bins to and from the storage
locations. In an embodiment, the storage bins are transportable between the different service
areas in any order. In an embodiment, the storage bins are received at a first one of the different
service areas for performance of one or more tasks and subsequently stored in the storage
locations of the ASRS structure and retrieved from the storage locations of the ASRS structure
for the transfer of the storage bins to a second one of the different service areas.

[0014] In an embodiment, the storage locations in the ASRS structure are arranged in
storage columns. Each of the storage columns is neighbored by an upright shaft from which

the storage locations in each of the storage columns are accessible. The fleet of RSRVs is
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navigable within the three-dimensional array of storage locations by both the travel in the two
dimensions over the two-dimensional footprint of the ASRS structure and a travel in an
ascending direction and a descending direction in a third dimension through the upright shaft
neighboring each of the storage columns, whereby the transfer of the storage bins between the
storage locations and any of the different service areas is performed entirely by the RSRVs.

[0015] The different service areas are positioned adjacent to an outer perimeter of the
two-dimensional footprint of the ASRS structure at the service level(s) of the ASRS structure.
Each of the different service areas comprises one or more workstations of a type configured
for a task or a combination of tasks different from the workstation(s) at another of the different
service areas. Each of the different service areas is configured to receive a drop-off of the
storage bins at and/or a travel of the storage bins through each of the different service areas by
the RSRVs. In an embodiment, the different service areas are configured in a continuous
arrangement around the ASRS structure. For example, the different service areas comprise a
decanting/induction area, a processing area, a picking area, a packing area, and a last mile sort
area configured in a continuous arrangement around the ASRS structure. In another example,
the different service areas comprise a consolidation area and an oversized item storage area
positioned proximal to the ASRS structure. In an embodiment, the storage bins are configured
to be transferred to and from the storage locations of the ASRS structure and between the
different service areas, free of identification of the storage bins, due to the continuous
arrangement of the different service areas. In an embodiment, each of the different service areas
is configured to receive the storage bins multiple times for performance of one or more of the
tasks.

[0016] In an embodiment, the different service arcas comprise a decanting area at
which inbound items are placed, in an originally received unprocessed condition, in
unprocessed storage bins selected from the supply of storage bins, and from which the
unprocessed storage bins are inducted into the ASRS structure. In another embodiment, the
decanting area is a combined decanting and induction area at which the unprocessed storage
bins are inducted directly into the ASRS structure by the RSRVs without transfer to, past or
through any other of the different service areas. In another embodiment, the different service
areas further comprise a processing area, for example, a value-added service (VAS) area and/or
a returns area to which the unprocessed storage bins inducted into the ASRS structure are
served by the RSRVs for processing the inbound items contained in the unprocessed storage
bins, and from which the processed items are returned into the ASRS structure for storage

therein as saleable inventory ready for order fulfillment. In an embodiment, at the processing
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area, the processed items are transferred from the unprocessed storage bins to inventory storage
bins selected from the supply of storage bins and returned to the ASRS structure in the
inventory storage bins.

[0017] In an embodiment, the different service areas comprise a picking area to which
inventory items in the ASRS structure are served by the RSRVs for order picking. The different
service areas further comprise a packing area to which at least partially fulfilled orders,
previously picked at the picking area, are served by the RSRVs for packing the partially
fulfilled orders at the packing area. In an embodiment, the different service areas further
comprise an oversized item storage area for storing large-scale items that are substantially large
for storage in the ASRS structure. The different service areas further comprise a consolidation
area to which ordered large-scale items are transferred for consolidation with inventory items
picked at the picking area. In an embodiment, the consolidation area is positioned to neighbor
or overlap the packing area. In an embodiment, the consolidation area that overlaps the packing
area comprises at least one consolidated-packing workstation configured to share a common
order bin conveyor with another of the workstations of the packing area.

[0018] In an embodiment, the order fulfillment system further comprises at least one
robotic package-handling vehicle navigable within the ASRS structure and operable to receive
packaged orders containing ordered items fulfilled from the ASRS structure. The different
service areas comprise a last mile sort area at which shipment-consolidation containers of a
greater capacity than the storage bins are stored at positions accessible from the ASRS
structure. The robotic package-handling vehicle is operable to compile the packaged orders
into the shipment-consolidation containers at the last mile sort area. In an embodiment, the last
mile sort area comprises storage racking delimiting storage spaces of a greater size than the
storage locations of the ASRS structure. The last mile sort area comprises at least one row of
the storage racking running along the outer perimeter thercof. In an embodiment, the robotic
package-handling vehicle is a conveyor-equipped robotic vehicle comprising a wheeled chassis
and a conveyor unit mounted atop the wheeled chassis. The wheeled chassis is operable to
perform locomotion of the robotic package-handling vehicle through the ASRS structure. The
conveyor unit is operable to receive the packaged orders and offload the packaged orders to the
shipment-consolidation containers. The conveyor unit is rotatably mounted atop the wheeled
chassis for movement relative to the wheeled chassis about an upright axis to re-orient the
conveyor unit into multiple different working positions operable to offload the packaged orders
in different directions from the robotic package-handling vehicle to the shipment-consolidation

containers. In an embodiment, the conveyor unit comprises a belt conveyor operable to receive



10

15

20

30

WO 2020/229973 PCT/1B2020/054380

the packaged orders and offload the packaged orders to the shipment-consolidation containers.
In an embodiment, the conveyor unit is rotatable between at least two working positions of
ninety-degree increment to one another about the upright axis.

[0019] Inan embodiment, at least one of the workstations comprises at least one travel
path, an access spot, and a set of illuminable indicators. Intemally subdivided storage bins are
movable on the travel path through the workstation(s). Each of the intemally subdivided
storage bins is presentable at the access spot to a human worker or a robotic worker available
at the workstation(s). The illuminable indicators are disposed around the access spot. At least
one of the illuminable indicators is positioned in neighboring adjacency to each compartment
of each of the internally subdivided storage bins. In an embodiment, the illuminable indicators
are configured to border an access port that overlies the travel path at the access spot thereof.
In another embodiment, each of the illuminable indicators is accompanied by a respective item
quantity display configured to guide placement or picking of items in predetermined quantities
to or from one or more compartments of the internally subdivided storage bins.

[0020] In an embodiment, at least one of the workstations comprises at least one drive-
through travel path on which the RSRVs are traversable through the workstation(s) to carry the
storage bins therethrough. In an embodiment, at least one of the workstations is arranged to
receive two different storage bins between which items received at the workstation(s) are
transferred. In an embodiment, the workstation(s) receives a first storage bin via a drive-
through travel path on which the RSRVs are traversable through the workstation(s) to carry the
first storage bin therethrough. In another embodiment, the workstation(s) receives a first
storage bin via a separate conveyor-based travel path on which previously inducted storage
bins traverse through the workstation(s) independent of the RSRVs. In an embodiment, the two
different storage bins comprise internal compartments of quantities different from one another.

[0021] In an embodiment, at least one of the different service areas comprises at least
one series of workstations arranged in a row extending outward from the ASRS structure and
served by a bin conveyor. The bin conveyor comprises an outbound section extending outward
from the ASRS structure and passing by the series of workstations. The bin conveyor further
comprises a series of offshoots, each branching off the outbound section of the bin conveyor
to a respective one of the workstations to deliver a received storage bin thereto. In an
embodiment, at least one series of workstations is served by a package conveyor operable to
convey packaged orders from the workstations back toward the ASRS structure.

[0022] In an embodiment, one or more of the service levels of the ASRS structure

comprise a lower level positioned below the storage levels. The different service arecas are
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positioned adjacent to the ASRS structure at the lower level thereof for service of the different
service areas by the RSRVs from the lower level. In an embodiment, the ASRS structure is the
only autonomously operable bin-transfer link for the storage bins between the different service
areas. In an embodiment, the order fulfillment system disclosed herein is free of any inter-area
conveyors running between any of the different service areas.

[0023] In an embodiment, at least one of the workstations comprises a picking port and
a placement port. The picking port overlies a supply bin pathway on which a supply storage
bin containing one or more items to be picked is movable through the workstation(s) to allow
picking of one or more items from the supply storage bin when parked on the supply bin
pathway at a picking spot beneath the picking port. The placement port overlies a recipient bin
pathway on which a recipient storage bin for which one or more items are destined is movable
through the workstation(s) to allow placement of one or more items to the recipient storage bin
when parked on the recipient bin pathway at a placement spot beneath the placement port. In
an embodiment, a first one of the supply bin pathway and the recipient bin pathway is an
extension track connected to a track of the ASRS structure on which the fleet of RSRVs
navigate the ASRS structure, whereby a first one of the picking port and the placement port is
served by one of the RSRVs navigating the extension track to carry a corresponding one of the
supply storage bin and the recipient storage bin to the first one of the picking port and the
placement port. A second one of the supply bin pathway and the recipient bin pathway
comprises a conveyor-based path running off the track of the ASRS structure to receive the
corresponding one of the supply storage bin and the recipient storage bin from one of the
RSRVs navigating the track. In an embodiment, at least one of the supply bin pathway and the
recipient bin pathway is arranged to both receive and return the corresponding one of the supply
storage bin and the recipient storage bin from and to the track of the ASRS structure. In another
embodiment, both of the supply bin pathway and the recipient bin pathway are arranged to
receive and return the corresponding one of the supply storage bin and the recipient storage bin
from and to the track of the ASRS structure. At least one of the picking port and the placement
port is bordered by a set of illuminable indicators occupying a layout that places at least one of
the illuminable indicators in neighboring adjacency to each compartment of a respective one
of the supply storage bin and the recipient storage bin.

[0024] In an embodiment, the order fulfillment system disclosed herein further
comprises a computerized control system (CCS) in operable communication with the fleet of
RSRVs. The CCS comprises a network interface coupled to a communication network, at least

one processor coupled to the network interface, and a non-transitory, computer-readable
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storage medium communicatively coupled to the processor(s). The non-transitory, computer-
readable storage medium is configured to store computer program instructions, which when
executed by the processor(s), cause the processor(s) to activate one or more of the RSRVs to
one or more of: (a) navigate within the ASRS structure and/or through each of the different
service areas; (b) retrieve the storage bins from the storage locations of the ASRS structure; (¢)
drop off the storage bins at the different service areas; (d) pick up the storage bins from the
different service areas; and (¢) return and store the storage bins to the storage locations of the
ASRS structure. In another embodiment, the CCS is in operable communication with one or
more workstations of each of the different service areas. The CCS is configured to transmit
service instructions to a human worker or a robotic worker for performance of one or more
service actions on the items contained in the storage bins.

[0025] In an embodiment, the order fulfillment system disclosed herein comprises a
three-dimensional array of storage locations defined within a three-dimensional grid structure,
a fleet of robotic vehicles, and a supply of storage bins. The three-dimensional grid structure
comprises storage columns, each of which is neighbored by an upright shaft from which the
storage locations in each of the storage columns are accessible; and at least one two-
dimensional gridded track layout from which the upright shaft neighboring each of the storage
columns is accessible. The robotic vehicles are navigable within the three-dimensional array
by travel in two dimensions on at least one two-dimensional gridded track layout to access the
upright shaft neighboring any of the storage columns, and by travel in an ascending direction
and a descending direction in a third dimension through the upright shaft neighboring any of
the storage columns. In an embodiment, at least one of the robotic vehicles is a conveyor-
equipped robotic vehicle comprising a wheeled chassis and a conveyor unit mounted atop the
wheeled chassis as disclosed above. The storage bins are of compatible size and shape for
storage in the storage locations of the three-dimensional grid structure. The storage bins are
configured to be carried through the three-dimensional grid structure by one or more of the
robotic vehicles. In this embodiment, the order fulfillment system disclosed herein further
comprises at least one packing workstation, storage racking delimiting storage spaces of a
greater size than the storage locations of the three-dimensional grid structure, and a supply of
shipment-consolidation containers of a greater capacity than the storage bins. The ordered
items contained in one or more of the storage bins are served by the robotic vehicles to the
packing workstation(s) for removal and packing of the ordered items into packaged orders at
the packing workstation(s). The shipment-consolidation containers are compatible in size and

shape with the storage spaces of the storage racking. The storage spaces of the storage racking
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are defined at positions accessible from the three-dimensional grid structure. At least one of
the robotic vehicles is operable to receive the packaged orders from the packing workstation(s)
and compile the packaged orders into the shipment-consolidation containers.

[0026] In an embodiment, the storage racking is served by a combination of a
navigation structure and at least one package-handling robotic vehicle. The navigation structure
comprises assembled track rails and upright frame members of the same type and relative
spacing used in the three-dimensional grid structure to form the two-dimensional gridded track
layout, the storage columns, and the upright shaft neighboring each of the storage columns.
The package-handling robotic vehicle is navigable within the navigation structure by travel in
two dimensions on the assembled track rails and by travel in an ascending direction and a
descending direction in a third dimension on the upright frame members. The package-handling
robotic vehicle is operable to receive the packaged orders from at least one packing
workstation, carry the packaged orders through the navigation structure to the storage spaces,
and compile the packaged orders into the shipment-consolidation containers located in the
storage spaces.

[0027] Disclosed herein is also a method for fulfilling orders using the order fulfillment
system disclosed above. In the method disclosed herein, inbound items are received at a facility
comprising the ASRS structure and a fleet of RSRVs as disclosed above. At one or more
decanting workstations, the inbound items are placed into unprocessed storage bins in an
originally received condition and the unprocessed storage bins are inducted into the ASRS
structure on the RSRVs. One or more of the unprocessed storage bins are carried to one or
more processing workstations using the RSRVs. Processing steps are performed at the
processing workstation(s) to transform the inbound items into saleable inventory items ready
for order fulfillment. From the processing workstation(s), the saleable inventory items are
inducted into the ASRS structure in inventory storage bins carried on the RSRVs. At least one
of the inventory storage bins is carried to a picking workstation using the RSRVs. At the
picking workstation, one or more of the saleable inventory items are picked from the inventory
storage bins and transferred to an order bin to form an at least partially fulfilled order. From
the picking workstation, the partially fulfilled order is inducted into the ASRS structure on one
of the RSRVs. In an embodiment, using the same or different RSRV, the order bin is carried
to a packing workstation where a complete order with the partially fulfilled order is packaged
for shipping.

[0028] In an embodiment, the partially fulfilled order is transferred from the packing

workstation to a last mile sort area. Atthe last mile sort area, a robotic package-handling vehicle
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of a locomotive design matching that of the RSRVs is used to carry the partially fulfilled order
through the last mile sort area on a navigation structure of componentry matching that of the
ASRS structure. Through navigation of the robotic package-handling vehicle on the navigation
structure, the partially fulfilled order is carried to a shipment-consolidation container and
deposited into the shipment-consolidation container for consolidation with other orders
awaiting shipment. The navigation structure of the last mile sort area is operably coupled to the
ASRS structure in which the RSRVs are navigable, whereby the robotic package-handling
vehicle is navigable within the ASRS structure.

[0029] The order fulfillment system and method disclosed herein employs the ASRS
structure in a way to perform various order fulfillment functions, for example, induction, value
added service processing, return handling, picking, packing, last mile sortation, consolidation,
etc., along with multiple workstation variants and their use in collaborating to solve the
fulfillment workflow. In the order fulfillment system and method disclosed herein, sortation is
implemented in different service areas using a lower two-dimensional (2D) grid of the ASRS
structure, and therefore the lower 2D grid services all service areas.

[0030] In one or more embodiments, related systems comprise circuitry and/or
programming for executing the methods disclosed herein. The circuitry and/or programming
are of any combination of hardware, software, and/or firmware configured to execute the
methods disclosed herein depending upon the design choices of a system designer. In an
embodiment, various structural elements are employed depending on the design choices of the

system designer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The foregoing summary, as well as the following detailed description, is better
understood when read in conjunction with the appended drawings. For illustrating the
embodiments herein, exemplary constructions of the embodiments are shown in the drawings.
However, the embodiments herein are not limited to the specific structures, components, and
methods disclosed herein. The description of a structure, or a component, or a method step
referenced by a numeral in a drawing is applicable to the description of that structure,
component, or method step shown by that same numeral in any subsequent drawing herein.

[0032] FIG. 1 (prior art) illustrates a top plan view of a conventional order fulfillment
center.

[0033] FIG. 2 illustrates atop plan view of a layout of a space-efficient order fulfillment

system, according to an embodiment herein.
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[0034] FIG. 3 illustrates a top plan view of another layout of the space-efficient order
fulfillment system, according to another embodiment herein.

[0035] FIG. 4 illustrates a top isometric view of an automated storage and retrieval
system (ASRS) comprising a three-dimensional gridded storage structure used in the space-
efficient order fulfillment system, according to an embodiment herein.

[0036] FIG. 5A illustrates a robotic storage/retrieval vehicle and a compatible storage
bin employed in the ASRS structure of the space-efficient order fulfillment system, according
to an embodiment herein.

[0037] FIG. 5B illustrates the robotic storage/retricval vehicle and the compatible
storage bin of FIG. 5A, showing an extension of a turret arm of the robotic storage/retrieval
vehicle for engaging with the storage bin to push or pull the storage bin off of or onto the
robotic storage/retrieval vehicle, according to an embodiment herein.

[0038] FIG. 6 illustrates a top isometric view of the layout of the order fulfillment
system shown in FIG. 3, according to an embodiment herein.

[0039] FIG. 7 illustrates a partial perspective view of the layout of the order fulfillment
system shown in FIG. 6, showing a receiving area and a decanting/induction area positioned
on a first perimeter side of the ASRS structure of the order fulfillment system, according to an
embodiment herein.

[0040] FIG. 8A illustrates a perspective view of a decanting/induction workstation used
at the decanting/induction area shown in FIG. 7, showing an inner side of the
decanting/induction workstation facing towards the ASRS structure, according to an
embodiment herein.

[0041] FIG. 8B illustrates a perspective view of the decanting/induction workstation
shown in FIG. 8A, showing an opposing outer side of the decanting/induction workstation,
according to an embodiment herein.

[0042] FIG. 9 illustrates a partial perspective view of the layout of the order fulfillment
system shown in FIG. 6, showing a value-added service (VAS) and returns area positioned
further down the first perimeter side of the ASRS structure from the decanting/induction area
shown in FIG. 7, according to an embodiment herein.

[0043] FIG. 10A illustrates a partial top perspective view of a VAS/returns-handling
workstation used at the VAS and returns area shown in FIG. 9, as viewed from outside the
ASRS structure, according to an embodiment herein.

[0044] FIG. 10B illustrates a partial top perspective view of the VAS/returns-handling

workstation shown in FIG. 10A as viewed from outside the ASRS structure, where upright
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outer walls and a top cover panel of the VAS/returns-handling workstation are shown as
transparent layers to reveal internal components thereof and an internal workflow therethrough,
according to an embodiment herein.

[0045] FIG. 10C illustrates a partial perspective view of the VAS/returns-handling
workstation shown in FIGS. 10A-10B as viewed from inside the ASRS structure, according to
an embodiment herein.

[0046] FIG. 11 illustrates a partial perspective view of the layout of the order
fulfillment system shown in FIG. 6, showing a picking area positioned on a second perimeter
side of the ASRS structure around a corner from the VAS and returns area, according to an
embodiment herein.

[0047] FIG. 12 illustrates a partial top perspective view of a picking workstation used
at the picking area shown in FIG. 11, as viewed from outside the ASRS structure, according to
an embodiment herein.

[0048] FIG. 13 illustrates a top plan view of a light guidance system usable at the
VAS/returns-handling workstations, the picking workstation, and a packing workstation of the
order fulfillment system, according to an embodiment herein.

[0049] FIG. 14 illustrates a partial perspective view of the layout of the order
fulfillment system shown in FIG. 6, showing a packing area positioned on a third perimeter
side of the ASRS structure around a corner from the picking area, according to an embodiment
herein.

[0050] FIG. 15A illustrates a partial perspective view of the packing area shown in FIG.
14 from another angle and closer vantage point, showing a multi-rowed layout of packing
workstations therein, according to an embodiment herein.

[0051] FIG. 15B illustrates a partial perspective view of the packing area shown in FIG.
14, showing a two-level conveyor unit comprising an order bin conveyor positioned at a lower
level for conveying order bins and a package feeding conveyor positioned at an upper level for
conveying packaged orders, according to an embodiment herein.

[0052] FIG. 15C illustrates a top plan view showing an order bin conveyor circuit
connected to the ASRS structure for serving order bins therefrom to a respective row of packing
workstations in the packing area, according to an embodiment herein.

[0053] FIG. 15D illustrates an enlarged, partial perspective view of one of the rows of
packing workstations in the packing area, according to an embodiment herein.

[0054] FIG. 15E illustrates an enlarged, partial perspective view of two of the packing

workstations, according to an embodiment herein.
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[0055] FIG. 16 illustrates a partial perspective view of the layout of the order
fulfillment system shown in FIG. 6, showing a consolidation area neighboring the packing area
in a cooperatively overlapping relation therewith at the third perimeter side of the ASRS
structure, and a last mile sort area positioned further down the third perimeter side of the ASRS
structure, according to an embodiment herein.

[0056] FIG. 17 illustrates a perspective view of a robotic package-handling vehicle
used in the order fulfillment system for delivering packaged orders to shipment-consolidation
containers stored proximal to the ASRS structure in the last mile sort area, according to an
embodiment herein.

[0057] FIG. 18 illustrates an enlarged, partial perspective view of an intake zone of the
last mile sort area of the order fulfillment system to which packaged orders from the packing
area are conveyed for pickup by the robotic package-handling vehicle shown in FIG. 17,
according to an embodiment herein.

[0058] FIG. 19 illustrates an enlarged, partial perspective view, showing deposit of a
packaged order into a shipment-consolidation container in the last mile sort area by the robotic
package-handling vehicle shown in FIG. 17, according to an embodiment herein.

[0059] FIG. 20 illustrates a top isometric view showing an alternative aisle-based
configuration of the last mile sort area, in which the robotic package-handling vehicles access
the shipment-consolidation containers on a navigation structure positioned outside the ASRS
structure, according to an embodiment herein.

[0060] FIG. 21 illustrates a flowchart of a method for fulfilling orders using the order
fulfillment system, according to an embodiment herein.

[0061] FIG. 22 illustrates a flowchart of a method for executing an induction process
in the order fulfillment system, according to an embodiment herein.

[0062] FIG. 23 illustrates a flowchart of a method for executing a VAS process in the
order fulfillment system, according to an embodiment herein.

[0063] FIGS. 24A-24B illustrate a flowchart of a method for executing a returns
handling process in the order fulfillment system, according to an embodiment herein.

[0064] FIG. 25 illustrates a flowchart of a method for executing a picking process in
the order fulfillment system, according to an embodiment herein.

[0065] FIG. 26 illustrates a flowchart of a method for executing a packing process in
the order fulfillment system, according to an embodiment herein.

[0066] FIG. 27 illustrates a flowchart of a method for executing a last mile sortation

process in the order fulfillment system, according to an embodiment herein.
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[0067] FIG. 28 illustrates a flowchart of a method for executing an oversized item
picking process in the order fulfillment system, according to an embodiment herein.

[0068] FIGS. 29A-29B illustrate a flowchart of a method for executing an oversized
item packing process in the order fulfillment system, according to an embodiment herein.

[0069] FIG. 30 illustrates an architectural block diagram of the order fulfillment system
for executing an order fulfillment workflow between different service areas, according to an

embodiment herein.

DETAILED DESCRIPTION

[0070] Various aspects of the present disclosure may be embodied as a system of
components and/or structures, a method, and/or non-transitory, computer-readable storage
media having one or more computer-readable program codes stored thereon. Accordingly,
various embodiments of the present disclosure may take the form of a combination of hardware
and software embodiments comprising, for example, mechanical structures along with
electronic components, computing components, circuits, microcode, firmware, software, etc.

[0071] FIGS. 2-3 illustrate top plan views of two layouts of a space-efficient order
fulfillment system 200, according to an embodiment herein. The layout of the order fulfillment
system 200 of FIG. 2 is shown in a facility of footprint equal to that of the conventional order
fulfillment center 100 shown in FIG. 1, thereby demonstrating an increased space efficiency of
the order fulfillment system 200 disclosed herein compared to the space-intensive, conveyor-
heavy layout of the conventional order fulfillment center 100. The space-efficient order
fulfillment system 200 disclosed herein comprises an automated storage and retrieval system
(ASRS) structure 208; a fleet of robotic vehicles, for example, robotic storage/retrieval vehicles
(RSRVs) 406 illustrated in FIG. 4 and robotic package-handling vehicles 1700 illustrated in
FIG. 17; a supply of storage units 403, for example, bins, trays, totes, etc., herein collectively
referred to as “storage bins” illustrated in FIG. 4; and multiple different service areas, for
example, 202, 204, 205, 209, 210, 212, 216, and 217 as illustrated in FIGS. 2-3. The ASRS
structure 208 comprises a three-dimensional array of storage locations distributed throughout
a two-dimensional footprint of the ASRS structure 208 at multiple storage levels within the
ASRS structure 208. The robotic vehicles, for example, the RSRVs 406 are navigable within
the ASRS structure 208 at least by travel in two dimensions over the two-dimensional footprint
ofthe ASRS structure 208 at one or more service levels of the ASRS structure 208. The service
level(s) is positioned above and/or below the storage levels. The storage bins 403 are of a

compatible size and shape for storage in the storage locations of the ASRS structure 208. The
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storage bins 403 are configured to be carried by the RSRVs 406 within the ASRS structure 208
during transfer of the storage bins 403 to and from the storage locations. In an embodiment,
the storage bins 403 are transportable between the different service areas, for example, 202,
204, 205, 209, 210, 216, and 217 in any order. In an embodiment, the storage bins 403 are
received at a first one of the different service areas for performance of one or more tasks and
subsequently stored in the storage locations of the ASRS structure 208 and retrieved from the
storage locations of the ASRS structure 208 for the transfer of the storage bins 403 to a second
one of the different service areas.

[0072] The different service arcas are positioned adjacent to an outer perimeter of the
two-dimensional footprint of the ASRS structure 208 at the service level(s) of the ASRS
structure 208. Each of the different service arcas comprises one or more workstations of a type
configured for a task or a combination of tasks different from the workstation(s) at another of
the different service areas. The tasks comprise, for example, decanting, value-added service
(VAS) processing, returns handling, picking, packing, sorting, etc., and other tasks that
constitute an order fulfillment workflow. Each of the different service areas is configured to
receive a drop-off of the storage bins 403 at and/or a travel of the storage bins 403 through each
of the different service areas by the RSRVs 406. In an embodiment, the different service arcas
are configured in a continuous arrangement around the ASRS structure 208. For example, the
different service arecas comprise a decanting/induction area 204, a processing area such as a
VAS and returns area 203, a picking area 209, a packing area 210, and a last mile sort area 216
configured in a continuous arrangement around the ASRS structure 208 as illustrated in FIGS.
2-3. In another example, the different service areas comprise a consolidation area 217 and an
oversized item storage area 212 positioned proximal to the ASRS structure 208 as illustrated
in FIG. 3. In an embodiment, the storage bins 403 are configured to be transferred to and from
the storage locations of the ASRS structure 208 and between the different service areas, free of
identification of the storage bins 403, due to the continuous arrangement of the different service
areas. In an embodiment, each of the different service areas is configured to receive the storage
bins 403 multiple times for performance of one or more of the tasks.

[0073] As illustrated in FIGS. 2-3, the space-cfficient order fulfillment system 200
comprises a receiving area 202 located adjacent to inbound shipping docks 215a of the facility
where new inventory items and customer returns, herein collectively referred to as “inbound
items”, are dropped off by inbound transport service or carrier vehicles 201. At the decanting
area 204 of the order fulfillment system 200, the storage bins 403 are filled in preparation for
storage in the ASRS structure 208. That is, at the decanting area 204, the inbound items are
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placed in an originally received unprocessed condition, in unprocessed storage bins selected
from the supply of storage bins 403. From the decanting area 204, the unprocessed storage bins
are inducted into the ASRS structure 208. In another embodiment, the decanting area 204 is a
combined decanting and induction area at which the unprocessed storage bins are inducted
directly into the ASRS structure 208 by the RSRVs 406 without transfer to, past or through any
other of the different service areas. The inbound items are processed at the processing area, for
example, the VAS and returns area 205 of the order fulfillment system 200. That is, the
unprocessed storage bins inducted into the ASRS structure 208 are served by the RSRVs 406
to the VAS and returns area 205 for processing the inbound items contained in the unprocessed
storage bins. The processed items are returned from the VAS and returns area 205 into the
ASRS structure 208 for storage therein as saleable inventory ready for order fulfillment. In an
embodiment, at the VAS and returns area 205, the processed items are transferred from the
unprocessed storage bins to inventory storage bins selected from the supply of storage bins 403
and returned to the ASRS structure 208 in the inventory storage bins. Inventory items in the
ASRS structure 208 are served by the RSRVs 406 to the picking area 209 of the order
fulfillment system 200 for order picking. At the picking area 209, orders are picked from
inventory storage bins previously inducted into the ASRS structure 208. At least partially
fulfilled orders, previously picked at the picking area 209, are served by the RSRVs 406 to the
packing area 210 for packing the partially fulfilled orders at the packing area 210. At the
packing area 210 of the order fulfillment system 200, the fulfilled orders from the picking area
209 are packaged in preparation for shipment.

[0074] In an embodiment, large-scale items that are substantially large for storage in
the ASRS structure 208 are stored in the oversized item storage area 212 of the order fulfillment
system 200. The ordered large-scale items are transferred to the consolidation area 217
illustrated in FIG. 3, for consolidation with inventory items picked at the picking area 209. In
an embodiment, the consolidation area 217 is positioned to neighbor or overlap the packing
area 210. In an embodiment, the consolidation area 217 that overlaps the packing area 210
comprises at least one consolidated-packing workstation configured to share a common order
bin conveyor 248 with another of the workstations of the packing area 210 as illustrated in
FIGS. 15A-15B. At the last mile sort area 216, shipment-consolidation containers, for example,
gaylord boxes or gaylords 259 illustrated in FIG. 16 and FIG. 19, of a greater capacity than the
storage bins 403, are stored at positions accessible from the ASRS structure 208.

[0075] In an embodiment, one or more of the service levels of the ASRS structure 208

comprise a lower level 400a positioned below the storage levels as illustrated in FIGS. 6-7,
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FIG. 9, FIG. 11, and FIG. 14. The different service arcas are positioned adjacent to the ASRS
structure 208 at the lower level 400a thereof for service of the different service areas by the
RSRVs 406 from the lower level 400a. In an embodiment, the ASRS structure 208 is the only
autonomously operable bin-transfer link for the storage bins 403 between the different service
areas. In an embodiment, the order fulfillment system 200 disclosed herein is free of any inter-
area conveyors running between any of the different service areas.

[0076] The order of workflow through the different service arcas of the order
fulfillment system 200 and the equipment used to execute the workflow introduces newfound
efficiencies with respect to the spatial footprint of the overall system layout, the equipment and
material requirements of the order fulfillment system 200, and potentially also the workflow
throughput velocity. The receiving area 202 and an intake conveyor 203 that carries the
inbound items from the receiving area 202 are not directly linked to the VAS and returns area
205. Instead, the intake conveyor 203 from the receiving area 202 feeds the inbound items
directly to the decanting areca 204, whereby the inbound items are decanted directly and
immediately into ASRS-compatible storage bins 403 in their originally received condition,
without first being subject to VAS or returns processing. The storage bins 403 filled at the
decanting station 204, therefore, contain freshly arrived and unprocessed inbound items, and
are therefore referred to herein as “unprocessed storage bins”. Moreover, the decanting area
204 is not discretely located at a spaced conveyor-linked distance from the ASRS structure 208
but is positioned in immediate adjacency to the ASRS structure 208 to allow service of the
decanting area directly by the fleet of RSRVs 406 of the ASRS structure 208. Therefore, the
unprocessed storage bins loaded with the inbound items are inducted directly into the ASRS
structure 208 without long-range travel over an intermediary conveyor. Accordingly, the
decanting area 204 is herein also referred to as a combined decanting/induction area 204.

[0077] In terms of the workflow through the facility, the VAS and returns area 205 is
positioned downstream of the decanting area 204 and resides in an immediately neighboring
adjacency to the ASRS structure 208 so as to be served with unprocessed inbound items not by
a conveyor running from the upstream decanting area 204, but by the same fleet of RSRVs 406
that inducted the unprocessed storage bins into the ASRS structure 208. Atthe VAS and returns
area 205, the unprocessed inbound items are removed from the unprocessed storage bins
delivered to the VAS and returns area 205 by the RSRVs 406, are subjected to VAS processing
or returns-inspection processing, and are placed in different storage bins that are then inducted
into the ASRS structure 208 by the same fleet of RSRVs 406. The latter storage bins into which

the processed items are placed are herein referred to as “inventory storage bins™ to distinguish
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these storage bins from the unprocessed storage bins, since the items placed in these inventory
storage bins have been confirmed as, or transformed into, saleable inventory-ready product
through the VAS processing or returns-inspection actions or tasks performed on the items. In
an embodiment, the inventory storage bins are stored in the ASRS structure 208 prior to
performance of any downstream operations, thereby implementing buffering of storage bins
403 in the ASRS structure 208 between each process performed at the different service areas.
As illustrated in FIG. 2, the VAS and returns area 205 comprises VAS workstations 206 and
separate returns-handling workstations 207, which in an embodiment, are positioned at
different perimeter sides, for example, 208a and 208b of the ASRS structure 208 respectively.
As illustrated in FIG. 3, the VAS and returns area 205 comprises VAS/returns-handling
workstations 206/207 of a singular type on a singular perimeter side, for example, 208a of the
ASRS structure 208, with each VAS/returns-handling workstation 206/207 being usable for
either VAS processing of new inventory items or return-inspection processing of customer
returns.

[0078] Similar to the decanting/induction area 204 and the VAS and returns area 205
of the order fulfillment system 200, the picking area 209 is also positioned in immediately
neighboring adjacency to the ASRS structure 208 so as to be served with the processed storage
bins not by a conveyor running from the upstream VAS and returns area 205, but by the same
fleet of RSRVs 406 of the ASRS structure 208. The picking area 209 of the order fulfillment
system 200 comprises one or more picking workstations 240 as illustrated in FIGS. 11-12. At
the picking workstations 240 of the picking area 209, ordered items are picked from the
inventory storage bins are delivered to the picking workstations 240 by the RSRVs 406 of the
ASRS structure 208, and are placed in “order bins” that, similar to the unprocessed storage bins
and the inventory storage bins, are compatibly shaped and sized relative to the storage locations
of the ASRS structure 208 to allow storage of the order bins in the storage locations thereof.
Accordingly, in an embodiment, fully or partially fulfilled orders are temporarily stored in the
ASRS structure 208 prior to packaging and shipping of the orders, for example, in favor of
other orders that are ranked with a higher priority. Pickup of the order bins from the picking
area 209 is performed directly by the RSRVs 406 of the ASRS structure 208 due to the
immediate adjacency between the picking area 209 and the ASRS structure 208.

[0079] In an embodiment as illustrated in FIG. 2, the order fulfillment system 200
comprises a combined picking and packing area 209/210 instead of a separate packing area and
therefore, executes packing of orders at the picking workstations 240 of the picking area 209.

From the combined picking and packing area 209/210 illustrated in FIG. 2, the packaged orders
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are conveyed by an outbound conveyor 211 to a shipping area 213 adjacent to the outbound
shipping docks 215b of the facility, where in an embodiment, the packaged orders are
consolidated into multi-order pallets, for example, in a manual last mile sort process that groups
the orders by a delivery region according to a zip code or a postal code. The palletization of the
orders is performed manually or in an embodiment, with automated palletization equipment,
after which the multi-order pallets are picked up by outbound transport service or carrier
vehicles 214. In an embodiment, the oversized item storage arca 212 of the order fulfillment
system 200 comprises aisles of pallet racking 212a laid out between the combined picking and
packing area 209/210 and the shipping area 213 to allow oversized items to be manually picked
onto a cart or a pallet for transfer of the oversized items to the shipping area 213, and then to
be consolidated with smaller scale items of the same order that were picked and packaged at
the picking and packing area 209/210 as the smaller scale items arrive at the shipping area 213
on the outbound conveyor 211 that winds around the oversized item storage area 212.

[0080] In an embodiment as illustrated in FIG. 2, the decanting/induction area 204 and
the VAS workstations 206 of the VAS and returns arca 205 are positioned on a first perimeter
side 208a of the ASRS structure 208 that faces the receiving area 202 of the facility. The
returns-handling workstations 207 of the VAS and returns area 205 are positioned on a
neighboring second perimeter side 208b of the ASRS structure 208, and the combined picking
and packing area 209/210 is positioned on a neighboring third perimeter side 208¢ of the ASRS
structure 208 that resides opposite the first perimeter side 208a and faces the shipping area 213.
Accordingly, in various embodiments, different perimeter sides 208a, 208b, 208¢, and 208d of
the ASRS structure 208 are each occupied by a different combination of workstations so that
each perimeter side of the ASRS structure 208 is dedicated to one particular service task or a
particular combination of service tasks that differs from those performed at the other perimeter
sides.

[0081] Instead of combining the picking and packing operations and tasks at
workstations of a singular service area 209/210, in an embodiment, the order fulfillment system
200 comprises a dedicated packing area 210 separate from the picking area 209 as illustrated
in FIG. 3. Similar to the decanting/induction arca 204, the VAS and returns area 205 and the
picking area 209, the packing area 210 is also positioned in an immediately neighboring
adjacency to the ASRS structure 208 as illustrated in FIG. 3, so as to be served with the filled
order bins not by a conveyor running from the upstream picking area 209, but by the same fleet
of RSRVs 406 of the ASRS structure 208. The packing area 210 of the order fulfillment system
200 comprises one or more packing workstations 245 as illustrated in FIGS. 14-15E. Ordered
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items contained in one or more of the storage bins 403, that is, the order bins, are served by the
RSRVs 406 to the packing workstations 245 for removal and packing of the ordered items into
packaged orders at the packing workstations 245. That is, at the packing workstations 245 of
the packing area 210, the partially or fully fulfilled orders are picked from the order bins
delivered to the packing workstations 245 by the RSRVs 406 of the ASRS structure 208 and
are placed in shipping boxes or other shipment-ready packaging with appropriate shipment
labels for delivery to a customer by a transport carrier.

[0082] Through the placement of the decanting/induction area 204, the VAS and
returns area 205, the picking area 209, and the packing arca 210 in immediate adjacency to the
ASRS structure 208 so that service of the storage bins 403 to and from and between the
workstations of these different service areas is performed entirely by the same RSRVs 406
responsible for deposit and retrieval of the storage bins 403 to and from the storage locations
of the ASRS structure 208, these RSRVs 406 of the ASRS structure 208 perform several
different functions and omit the need for long-range conveyors running between the different
service areas of the order fulfillment system 200 of the facility, thereby providing both space
and material efficiencies. Operational redundancy is also achieved, in that since each RSRV
406 1n the order fulfillment system 200 is operable to convey storage bins 403 to and from any
service area 204 or 205 or 209 or 210, operational failure of a partial subset of the fleet of the
RSRVs 406 does not cease all throughput capabilities of the order fulfillment system 200 as
long as some of the RSRVs 406 remain operational, thereby avoiding expensive system-wide
downtime for conveyor repair in a conveyor-heavy layout of a conventional order fulfillment
center 100 as illustrated in FIG. 1. The above efficiencies are achieved even in scenarios where
less than a full entirety of these different service areas are located immediately adjacent to the
ASRS structure 208 and directly serviced by the fleet of RSRVs 406 of the ASRS structure
208.

[0083] Inanembodiment, at least one of the workstations at one or more of the different
service areas comprises at least one travel path, an access spot, and a set of illuminable
indicators as disclosed in the detailed descriptions of FIGS. 10A-10C, FIG. 12, and FIGS. 15A-
15E. Internally subdivided storage bins are movable on the travel path through the
workstation(s). Each of the internally subdivided storage bins is presentable at the access spot
to a human worker or a robotic worker available at the workstation(s). The illuminable
indicators are disposed around the access spot. At least one of the illuminable indicators is
positioned in neighboring adjacency to each compartment of each of the internally subdivided

storage bins. In an embodiment, the illuminable indicators are configured to border an access
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port that overlies the travel path at the access spot thereof. In another embodiment, each of the
illuminable indicators is accompanied by a respective item quantity display configured to guide
the placement or picking of items in predetermined quantitics to or from one or more
compartments of the internally subdivided storage bins.

[0084] In an embodiment, at least one of the workstations comprises at least one drive-
through travel path on which the RSRVs 406 are traversable through the workstation(s) to carry
the storage bins therethrough. In an embodiment, at least one of the workstations is arranged
to receive two different storage bins between which items received at the workstation(s) are
transferred. In an embodiment, the workstation(s) receives a first storage bin via a drive-
through travel path on which the RSRVs 406 are traversable through the workstation(s) to carry
the first storage bin therethrough. In another embodiment, the workstation(s) receives a first
storage bin via a separate conveyor-based travel path on which previously inducted storage
bins traverse through the workstation(s) independent of the RSRVs 406. In an embodiment, the
two different storage bins comprise internal compartments of quantities different from one
another.

[0085] In an embodiment, at least one of the different service areas comprises at least
one series of workstations arranged in a row extending outward from the ASRS structure 208
and served by a bin conveyor as disclosed in the detailed description of FIG. 14 and FIGS.
15A-15E. The bin conveyor comprises an outbound section extending outward from the ASRS
structure 208 and passing by the series of workstations. The bin conveyor further comprises a
series of offshoots, each branching off the outbound section of the bin conveyor to a respective
one of the workstations to deliver a received storage bin thereto. In an embodiment, at least one
series of workstations is served by a package conveyor operable to convey packaged orders
from the workstations back toward the ASRS structure 208.

[0086] In an embodiment, at least one of the workstations comprises a picking port and
a placement port as disclosed in the detailed descriptions of FIGS. 10A-10C and FIG. 12. The
picking port overlies a supply bin pathway on which a supply storage bin containing one or
more items to be picked is movable through the workstation(s) to allow picking of one or more
items from the supply storage bin when parked on the supply bin pathway at a picking spot
beneath the picking port. The placement port overlies a recipient bin pathway on which a
recipient storage bin for which one or more items are destined is movable through the
workstation(s) to allow placement of one or more items to the recipient storage bin when parked
on the recipient bin pathway at a placement spot beneath the placement port. In an embodiment,

a first one of the supply bin pathway and the recipient bin pathway is an extension track
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connected to a track of the ASRS structure 208 on which the fleet of RSRVs 406 navigate the
ASRS structure 208, whereby a first one of the picking port and the placement port is served
by one of the RSRVs 406 navigating the extension track to carry a corresponding one of the
supply storage bin and the recipient storage bin to the first one of the picking port and the
placement port. A second one of the supply bin pathway and the recipient bin pathway
comprises a conveyor-based path running off the track of the ASRS structure 208 to receive
the corresponding one of the supply storage bin and the recipient storage bin from one of the
RSRVs 406 navigating the track. In an embodiment, at least one of the supply bin pathway and
the recipient bin pathway is arranged to both receive and return the corresponding one of the
supply storage bin and the recipient storage bin from and to the track of the ASRS structure
208. In another embodiment, both of the supply bin pathway and the recipient bin pathway are
arranged to receive and return the corresponding one of the supply storage bin and the recipient
storage bin from and to the track of the ASRS structure 208. At least one of the picking port
and the placement port is bordered by a set of illuminable indicators occupying a layout that
places at least one of the illuminable indicators in neighboring adjacency to each compartment
of a respective one of the supply storage bin and the recipient storage bin.

[0087] In an embodiment as illustrated in FIG. 3, the layout of the order fulfillment
system 200 further comprises a last mile sort area 216. The last mile sort area 216 comprises
storage racking integrated into or added adjacently onto the ASRS structure 208 for storing
larger multi-order shipment-consolidation containers, for example, pallet boxes or gaylords,
into which packaged orders from the packing area 210 are autonomously compiled for later
consolidated pickup by the outbound transport service or carrier vehicles 214 at the outbound
shipping docks 215b of the facility. The storage racking of the last mile sort area 216 delimits
storage spaces of a greater size than the storage locations of the ASRS structure 208. For
example, the last mile sort area 216 comprises at least one row of storage racking running along
the outer perimeter of the ASRS structure 208. The shipment-consolidation containers are
compatible in size and shape with the storage spaces of the storage racking. In an embodiment,
the storage spaces of the storage racking are defined at positions accessible from the three-
dimensional grid structure, and at least one of the robotic vehicles is operable to receive the
packaged orders from at least one packing workstation and compile the packaged orders into
the shipment-consolidation containers. The last mile sort areca 216, therefore, replaces or
reduces the requirements for conventional shipping arcas 114 and 213 as illustrated in FIG. 1
and FIG. 2, since palletization of completed orders into consolidated multi-order pallets is

completed autonomously in the last mile sort area 216.
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[0088] In an embodiment, the storage racking is served by a combination of a
navigation structure and at least one package-handling robotic vehicle as disclosed in the
detailed description of FIGS. 19-20. The navigation structure comprises assembled track rails
and upright frame members of a same type and relative spacing used in the three-dimensional
grid structure to form the two-dimensional gridded track layout, the storage columns, and the
upright shaft neighboring each of the storage columns. The package-handling robotic vehicle
is navigable within the navigation structure by travel in two dimensions on the assembled track
rails and by travel in an ascending direction and a descending direction in a third dimension on
the upright frame members. The package-handling robotic vehicle is operable to receive the
packaged orders from at least one packing workstation, carry the packaged orders through the
navigation structure to the storage spaces, and compile the packaged orders into the shipment-
consolidation containers located in the storage spaces.

[0089] As disclosed in more detail below, the last mile sort area 216 employs the same
type of track construction used within the ASRS structure 208 such that robotic package-
handling vehicles 1700 as illustrated in FIG. 17, operable to receive the packaged orders from
the packing area 210 and transfer the packaged orders into the larger multi-order shipment-
consolidation containers, can share the same locomotive configuration as the RSRVs 406 of
the ASRS structure 208. In various embodiments, access to the larger multi-order shipment-
consolidation containers is achieved from the ASRS structure 208 itself, whereby the RSRVs
406 operable to handle the storage bins 403 in the ASRS structure 208 and the robotic package-
handling vehicles 1700 operable to transfer the packaged orders to the larger multi-order
shipment-consolidation containers, both navigate these tasks within the same ASRS structure
208 as one another. Such resource sharing among these different service areas of the order
fulfillment system 200 contributes to the spatial and material efficiency of the facility.

[0090] As illustrated in FIG. 3, the decanting/induction arca 204 and the VAS and
returns area 205 of the order fulfillment system 200 are positioned at the first perimeter side
208a of the ASRS structure 208 that faces the receiving area 202 and the neighboring inbound
shipping docks 215a of the facility. The picking area 209 is positioned at the neighboring
second perimeter side 208b of the ASRS structure 208, and the packing area 210 and the last
mile sort area 216 are positioned at the third perimeter side 208c of the ASRS structure 208
that opposes the first perimeter side 208a and faces toward the outbound shipping docks 215b
of the facility. Accordingly, in various embodiments, different perimeter sides 208a, 208b,
208¢, and 208d of the ASRS structure 208 are each occupied by a different combination of

workstations so that each perimeter side of the ASRS structure 208 is dedicated to one
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particular service task or a particular combination of service tasks that differs from those
performed at the other perimeter sides. Furthermore, the oversized item storage area 212
illustrated in FIG. 3 occupies a corner of the facility just outside the last mile sort area 216 at
the third perimeter side 208c¢ of the ASRS structure 208, and from this corner, continues along
the fourth remaining perimeter side 208d of the ASRS structure 208 that opposes the second
perimeter side 208b at which the picking area 209 resides. In an embodiment as illustrated in
FIG. 3, the consolidation area 217 is positioned between the oversized item storage arca 212
and the packing area 210 at the third perimeter side 208¢ of the ASRS structure 208. Customer
ordered large-scale items are pulled from the pallet racking or other organizational structure of
the oversized item storage area 212 and are consolidated with small-scale items of the same
order that are pulled from the ASRS structure 208 at the picking area 209, and transferred
onward therefrom to the consolidation area 217 in an order bin.

[0091] In an embodiment, the ASRS structure 208 of the order fulfillment system 200
disclosed herein comprises a three-dimensional gridded storage structure and associated
RSRVs and storage bins of the type disclosed in Applicant’s US Patent Application Numbers
15/568,646, 16/374,123, 16/374,143, and 16/354,539, each of which is incorporated herein by
reference in its entirety.

[0092] FIG. 4 illustrates a top isometric view of an automated storage and retrieval
system (ASRS) structure 208 comprising a three-dimensional (3D) gridded storage structure
400 used in the space-efficient order fulfillment system 200 shown in FIGS. 2-3, according to
an embodiment herein. A small-scale example of the 3D gridded storage structure 400 is
illustrated in FIG. 4. As illustrated in FIG. 4, the gridded storage structure 400 comprises two-
dimensional gridded track layouts, that is, a gridded upper track layout 401 positioned in an
elevated horizontal plane above a matching and aligned gridded lower track layout 402 situated
in a lower horizontal plane closer to a ground level. Between the aligned gridded upper track
layout 401 and gridded lower track layout 402 is a three-dimensional array of storage locations,
each capable of holding a respective storage bin 403 therein. The storage locations are arranged
in vertical storage columns 404, in which storage locations of equal square footprint are aligned
over one another. Each vertical storage column 404 is neighbored by a vertically upright shaft
405 through and from which the storage locations of the vertical storage column 404 are
accessible. The vertically upright shaft 405 neighboring each of the storage locations is
accessible from the gridded lower track layout 402. A fleet of robotic vehicles, for example,
the robotic storage/retrieval vehicles (RSRVs) 406, is navigable within the three-dimensional

array of storage locations by travel in two dimensions on at least one two-dimensional gridded
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track layout, for example, the gridded lower track layout 402, to access the vertically upright
shaft 405 neighboring any of the storage columns 404, and by travel in an ascending direction
and a descending direction in a third dimension through the vertically upright shaft 405
neighboring any of the storage columns 404. The fleet of RSRVs 406 is configured to
horizontally traverse each track layout 401 and 402 in two dimensions, and traverse vertically
between the two track layouts 401 and 402 in a third dimension via the open upright shafts 405.
[0093] Each track layout 401 and 402 comprises a set of X-direction rails 407 lying in
the X-direction of the respective horizontal plane, and a set of Y-direction rails 408
perpendicularly crossing the X-direction rails 407 in the Y-direction of the same horizontal
plane. The crossing X-direction rails 407 and Y -direction rails 408 define a horizontal reference
grid of the 3D gridded storage structure 400, where each horizontal grid row is delimited
between an adjacent pair of the X-direction rails 407 and each horizontal grid column is
delimited between an adjacent pair of the Y-direction rails 408. Each intersection point between
one of the horizontal grid columns and one of the horizontal grid rows denotes a position of a
respective vertical storage column 404 or a respective upright shaft 405. That is, each vertical
storage column 404 and each upright shaft 405 resides at a respective Cartesian coordinate
point of the horizontal reference grid at a respective area bound between two of the X-direction
rails 407 and two of the Y-direction rails 408. Each such area bound between four rails in either
track layout 401 or 402 is herein referred to as a respective “spot” of the track layout 401 or
402. The three-dimensional addressing of each storage location in the 3D gridded storage
structure 400 is completed by a given vertical level at which a given storage location resides
within the respective vertical storage column 404. That is, a three-dimensional address of each
storage location is defined by the horizontal grid row, the horizontal grid column, and the
vertical storage column level of the storage location in the 3D gridded storage structure 400.
[0094] A respective upright frame member 409 spans vertically between the gridded
upper track layout 401 and the gridded lower track layout 402 at each intersection point
between the X-direction rails 407 and the Y-direction rails 408, thereby cooperating with the
track rails 407 and 408 to define a framework of the 3D gridded storage structure 400 for
containing and organizing a 3D array of storage bins 403 within this framework. As a result,
each upright shaft 405 of the 3D gridded storage structure 400 comprises four vertical frame
members 409 spanning the full height of the upright shaft 405 at the four corners thereof. Each
vertical frame member 409 comprises respective sets of rack teeth arranged in series in the
vertical Z-direction of the 3D gridded storage structure 400 on two sides of the vertical frame

member 409. Each upright shaft 405, therefore, comprises eight sets of rack teeth in total, with

27



10

15

20

30

WO 2020/229973 PCT/1B2020/054380

two sets of rack teeth at each comer of the upright shaft 405, which cooperate with eight pinion
wheels 411a, 411b on each of the RSRVs 406 illustrated in FIGS. 5A-5B, to enable traversal
of the RSRV 406 on and between the gridded upper and lower track layouts 401 and 402 in an
ascending direction and a descending direction through the upright shafts 405 of the 3D gridded
storage structure 400.

[0095] FIG. 5A illustrates a robotic storage/retrieval vehicle (RSRV) 406 and a
compatible storage bin 403 employed in the automated storage and retrieval system (ASRS)
structure 208 of the space-efficient order fulfillment system 200 shown in FIGS. 2-3, according
to an embodiment herein. The fleet of RSRVs 406 of the type shown in FIGS. 5A-5B is
navigable within the three-dimensional (3D) array of storage locations in the 3D gridded
storage structure 400 illustrated in FIG. 4, by both a travel in two dimensions over the two-
dimensional footprint of the 3D gridded storage structure 400 and a travel in an ascending
direction and a descending direction in a third dimension through the upright shaft 405
neighboring each of the storage columns 404 illustrated in FIG. 4, whereby the transfer of the
storage bins 403 between the storage locations and any of the different service areas of the
order fulfillment system 200 is performed entirely by the RSRVs 406. Each RSRV 406
comprises a wheeled frame or chassis 410 comprising round conveyance wheels 411a and
toothed pinion wheels 411b. The conveyance wheels 411a are configured for conveyance of
the RSRV 406 over the gridded upper and lower track layouts 401 and 402 in a track-riding
mode. The toothed pinion wheels 411b are positioned inwardly of the conveyance wheels 411a
for traversal of the RSRV 406 through the rack-equipped shafts in an ascending direction and
a descending direction in a shaft-traversing mode. Each toothed pinion wheel 411b and a
respective conveyance wheel 411a are part of a combined singular wheel unit, of which the
entirety, or at least the conveyance wheel 411a, is horizontally extendable in an outboard
direction from the RSRV 406 for use of the conveyance wheels 411a in the track-riding mode
on either track layout 401 or 402, and horizontally retractable in an inboard direction of the
RSRYV 406 for use of the toothed pinion wheels 411b in the shaft-traversing mode where the
toothed pinion wheels 411b engage with the rack tecth of the vertical frame members 409 of
the upright shaft 405.

[0096] A set of four X-direction wheel units are arranged in pairs on two opposing sides
of the RSRV 406 to drive the RSRV 406 on the X-direction rails 407 of either track layout 401
or 402 of the 3D gridded storage structure 400. A set of four Y-direction wheel units are
arranged in pairs on the other two opposing sides of the RSRV 406 to drive the RSRV 406 on
the Y-direction rails 408 of either track layout 401 or 402. One set of wheel units is
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raiseable/lowerable relative to the other set of wheel units to switch the RSRV 406 between an
X-direction travel mode and a Y-direction travel mode. Raising the one set of wheel units when
in the outboard positions secated on the gridded upper track layout 401 is also operable to lower
the other set of wheel units into an engagement with the rack teeth of an upright shaft 405, after
which the raised wheel units are then also shifted inboard, thereby completing transition of the
RSRYV 406 from the gridded upper track layout 401 into an upright shaft 405 for descending
travel therethrough. Similarly, lowering the one set of wheel units when in the outboard
positions seated on the gridded lower track layout 402 is also operable to raise the other set of
wheel units into an engagement with the rack teeth of an upright shaft 405, after which the
lowered wheel units are then also shifted inboard, thereby completing transition of the RSRV
406 from the gridded lower track layout 402 into an upright shaft 405 for ascending travel
therethrough. In an embodiment, an external lifting device in the gridded lower track layout
402 1s additionally or alternatively used to air lift or perform lifting of the RSRV 406 from the
gridded lower track layout 402 into an overlying shaft.

[0097] Each RSRV 406 comprises an upper support platform 412 on which the storage
bin 403, for example, an unprocessed storage bin, an inventory storage bin, or an order bin, is
receivable for carrying by the RSRV 406. The upper support platform 412 comprises a rotatable
turret 413 surrounded by a stationary outer deck surface 414. The rotatable turret 413 comprises
an extendable/retractable arm 415, herein referred to as a “turret arm”, mounted in a diametric
slot of the rotatable turret 413 and movably supported therein for linear movement into and out
of a deployed position extending outwardly from an outer circumference of the rotatable turret
413.

[0098] FIG. 5B illustrates the RSRV 406 and the compatible storage bin 403 of FIG.
5A, showing an extension of a turret arm 415 of the RSRV 406 for engaging with the storage
bin 403 to push or pull the storage bin 403 off of or onto the RSRV 406, according to an
embodiment herein. The turret arm 415 carries a catch member 416 thereon, for example, on a
shuttle movable back and forth along the turret arm 415 for engaging with mating catch features
on an underside of the storage bin 403. Together with the rotatable function of the turret 413,
the turret arm 415 with the catch member 416 allows pulling of a storage bin 403 onto the upper
support platform 412 and pushing of the storage bin 403 off the upper support platform 412 at
all four sides of the RSRV 406, thereby allowing each RSRV 406 to access a storage bin 403
on any side of any upright shaft 405 in the 3D gridded storage structure 400, including fully-
surrounded upright shafts 405 that are each surrounded by storage columns 404 on all four
sides of the upright shaft 405 for optimal storage density in the 3D gridded storage structure
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400. That is, cach RSRV 406 is operable in four different working positions inside any of the
upright shafts 405 to access any of the storage locations on any of the four different sides of
the upright shaft 405 to deposit or retrieve a respective storage bin 403 to or from a selected
storage location.

[0099] In an embodiment, the framework of the 3D gridded storage structure 400
illustrated in FIG. 4, comprises a set of shelving brackets at each storage location to
cooperatively form a shelf for the storage bin 403 currently stored at the storage location,
whereby any given storage bin 403 can be removed from its storage location by one of the
RSRVs 406 without disrupting the storage bin 403 above and below the given storage bin 403
in the same storage column 404. Similarly, the shelf defined by the set of shelving brackets
allows a storage bin 403 to be returned to a prescribed storage location at any storage level in
the 3D array of storage locations in the 3D gridded storage structure 400. Accordingly, through
two-dimensional horizontal navigation of the track layouts 401 and 402, each RSRV 406 is
able to access any of the upright shafts 405 and is able to travel vertically therethrough in an
ascending direction or a descending direction in the third dimension to access any of the storage
locations and deposit or retrieve a storage bin 403 therefrom.

[00100] The decanting area 204, the VAS and returns area 203, the picking area 209,
and the packing area 210 of the order fulfillment system 200 illustrated in FIGS. 2-3, are
installed in immediate adjacency to the outer perimeter of one of the track layouts, for example,
the gridded lower track layout 402 of the 3D gridded storage structure 400 that defines the
ASRS structure 208 such that the transfer of items to and from each of these service areas is
performed by the same fleet of RSRVs 406 responsible for depositing and retrieving the storage
bins 403 to and from the storage locations in the 3D gridded storage structure 400, thereby
avoiding the use of long-range inter-area conveyors. Moreover, in transferring items from one
service area to another, an orchestrated movement of the fleet of RSRVs 406 carrying these
items from one service area to another or a temporary deposit of the storage bins 403 carrying
some of these items into respective storage locations in the 3D gridded storage structure 400,
can be used for buffering or sorting purposes without use of conventional, space-intensive
sorting conveyors.

[00101] FIG. 6 illustrates a top isometric view of the layout of the order fulfillment
system 200 shown in FIG. 3, according to an embodiment herein. The different service areas,
for example, the decanting/induction area 204, the value-added service (VAS) and returns area
205, the picking area 209, the packing area 210, the last mile sort area 216, the consolidation

area 217, and the oversized item storage area 212 of the order fulfillment system 200 are
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positioned adjacent to an outer perimeter constituted by the perimeter sides 208a, 208b, 208c,
and 208d of the two-dimensional footprint of the automated storage and retrieval system
(ASRS) structure 208 as illustrated in FIG. 6.

[00102] FIG. 7 illustrates a partial perspective view of the layout of the order fulfillment
system 200 shown in FIG. 6, showing a receiving arca 202 and a decanting/induction arca 204
positioned on a first perimeter side 208a of the automated storage and retrieval system (ASRS)
structure 208 of the order fulfillment system 200, according to an embodiment herein. The
partial perspective view in FIG. 7 illustrates a corner of the ASRS structure 208 where the first
perimeter side 208a and the fourth perimeter side 208d intersect. In an embodiment, the
receiving area 202 is populated by a series of parallel feed conveyors 218 on which depalletized
or loose cases of incoming new inventory items and customer returns, herein referred to as
“inbound items”, are placed after unloading of such palletized or loose case inbound shipments
from the inbound transport service or carrier vehicles 201 illustrated in FIG. 2. The parallel
feed conveyors 218 feed into the intake conveyor 203. In an embodiment, the intake conveyor
203 is configured in a U-shaped layout comprising a first leg 219 and a second leg 220. The
first leg 219 of the intake conveyor 203 passes by the parallel feed conveyors 218 in
perpendicular relation to the parallel feed conveyors 218. The second leg 220 of the intake
conveyor 203 runs opposite the first leg 219 in a parallel relationship to the first perimeter side
208a of the ASRS structure 208. Between the second leg 220 of the intake conveyor 203 and
the ASRS structure 208, in an embodiment, the decanting/induction area 204 comprises a
singular row of decanting/induction workstations 221. In an embodiment, the
decanting/induction workstations 221 are of the type illustrated in FIGS. 8 A-8B and disclosed
in Applicant’s US Patent Application Numbers 16/374,123 and 16/374,143.

[00103] FIG. 8A illustrates a perspective view of a decanting/induction workstation 221
used at the decanting/induction area 204 shown in FIG. 7, showing an inner side of the
decanting/induction workstation 221 facing towards the automated storage and retrieval system
(ASRS) structure 208, according to an embodiment herein. The ASRS structure 208 comprises
the three-dimensional (3D) gridded storage structure 400 illustrated in FIG. 4. FIG. 8B
illustrates a perspective view of the decanting/induction workstation 221 shown in FIG. 8A,
showing an opposing outer side of the decanting/induction workstation 221, according to an
embodiment herein. Each decanting/induction workstation 221 in the decanting/induction area
204 comprises a gridded lower track 222. The gridded lower track 222 comprises a pair of
longitudinal rails 223a, 223b running a length of the decanting/induction workstation 221 in

parallel relation to the first perimeter side 208a of the ASRS structure 208. The gridded lower
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track 222 further comprises a set of cross rails 224a-224f perpendicularly interconnecting the
longitudinal rails 223a, 223b with one another at regularly spaced intervals therealong. In an
embodiment, the longitudinal rails 223a, 223b and the cross rails 224a-224f are of the same
type used in the gridded upper track layout 401 and the gridded lower track layout 402 of the
3D gridded storage structure 400. The spacing between the longitudinal rails 223a, 223b
matches the spacing between the cross rails 224a-224f and is equal to the inter-rail spacing
employed between the rails 407 and 408 of the gridded upper track layout 401 and the gridded
lower track layout 402 of the 3D gridded storage structure 400 in both the X direction and the
Y direction thereof. Accordingly, the gridded lower track 222 of the decanting/induction
workstation 221 is traversable by the robotic storage/retrieval vehicles (RSRVs) 406 in the
same manner as the gridded upper track layout 401 and the gridded lower track layout 402 of
the 3D gridded storage structure 400. The gridded lower track 222 of the decanting/induction
workstation 221 is positioned at the same elevation as the gridded lower track layout 402 of
the 3D gridded storage structure 400 to form a coplanar extension track extending therefrom.
[00104] The decanting/induction workstation 221 comprises a chute 225 mounted to the
gridded lower track 222 and spanning longitudinally end-to-end thereof. The chute 225
comprises an outer side wall 228 illustrated in FIG. 8B, standing upright from an outer one of
the longitudinal rails, that is, 223b, and spanning the full length of the decanting/induction
workstation 22 1. The chute 225 further comprises a top cover panel 226 spanning the full length
of the decanting/induction workstation 221. The inner longitudinal rail 223a of the
decanting/induction workstation 221 is a shared rail that also defines an outermost rail of the
gridded lower track layout 402 of the 3D gridded storage structure 400 at the respective
perimeter side 208a thereof. An underside of the top cover panel 226 defines an interior ceiling
of the chute 225, while an opposing topside of the top cover panel 226 defines an external
countertop worksurface 226a on which the cases of inbound items received at the second leg
220 of the intake conveyor 203 are placed for picking of inbound items therefrom during the
decanting process. Each square area delimited between the two longitudinal rails 223a, 223b
and any adjacent pair of the cross rails 224a-224f is herein referred to as a respective “spot”
along the gridded lower track 222 of the decanting/induction workstation 221. A spot at a first
end of the chute 225 is referred to as an entrance spot Sen of the decanting/induction
workstation 221. An RSRV 406 enters the chute 225 at the entrance spot Sen by riding onto
the first and second cross rails 224a, 224b from a respective pair of rails aligned therewith in
the gridded lower track layout 402 of the 3D gridded storage structure 400. The spot at the
opposing second end of the chute 225 is referred to as an exit spot Sx. The RSRV 406 exits the
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chute 225 at the exit spot Sx and re-enters the 3D gridded storage structure 400 by riding off
the last and second-last cross-rails 224f, 224e onto another respective pair of rails aligned
therewith in the gridded lower track layout 402 of the 3D gridded storage structure 400.

[00105] Of a number of intermediate spots between the entrance spot Sex and the exit
spot Sx of the decanting/induction workstation 221, one spot is designated as an “access spot”
Sac at which the RSRV 406 is accessible by a human worker or a robotic worker via an access
opening 227 penetrating through the top cover panel 226 of the chute 225 from the countertop
worksurface 226a thereof into an interior space of the chute 225. Accordingly, when an RSRV
406 traveling longitudinally through the chute 225 from the entrance spot Sen to the exit spot
Sx arrives and stops at the access spot Sac, a human worker or a robotic worker at the
decanting/induction workstation 221 can interact with an empty or less-than full storage bin
carried atop the RSRV 406 to place therein the unprocessed inbound items from the case being
decanted. In an embodiment, the empty or less-than full storage bin is delivered to the access
spot Sac by the RSRV 406 from a storage location at which the empty or less-than full storage
bin 403 was previously stored in the 3D gridded storage structure 400. In another embodiment,
the empty or less-than full storage bin is placed atop the RSRV 406 through the access opening
227 upon the arrival of the RSRV 406 at the access spot Sac. Having received the unprocessed
inbound items, the RSRV 406 then inducts the unprocessed storage bin into the 3D gridded
storage structure 400. The RSRV 406 carries the unprocessed storage bin from the access spot
Sac, onward to the exit spot Sx, from where the RSRV 406 rides back onto the gridded lower
track layout 402 of the 3D gridded storage structure 400, and either stores the unprocessed
storage bin at any available storage location in the storage columns 404 of the 3D gridded
storage structure 400 illustrated in FIG. 4, or transports the unprocessed storage bin directly
onward to the VAS and returns area 205 for processing of the unprocessed items in the
unprocessed storage bin. In the embodiment illustrated in FIG. 8A, the chute 225 of each
decanting/induction workstation 221 is open over the entire inner side that faces into the 3D
gridded storage structure 400, and therefore, any of the spots on the gridded lower track 222 of
the decanting/induction workstation 221, including the access spot Sac thereof, serves as an
entrance spot and/or an exit spot by which the RSRVs 406 can enter and exit the
decanting/induction workstation 221.

[00106] The decanting/induction workstations 221 are, therefore, directly coupled to the
gridded lower track layout 402 of the 3D gridded storage structure 400 at positions immediately
adjacent thereto by extension tracks on which the RSRVs 406 can enter and exit the

decanting/induction workstations 221 to receive the inbound items being decanted from the
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cases in which the inbound items arrived at the facility into unprocessed storage bins carried
or placed atop the RSRVs 406, which are then inducted immediately and directly into the 3D
gridded storage structure 400 without use of any conveyors between the decanting/induction
area 204 and the 3D gridded storage structure 400.

[00107] FIG. 9 illustrates a partial perspective view of the layout of the order fulfillment
system 200 shown in FIG. 6, showing a value-added service (VAS) and returns area 205
positioned further down the first perimeter side 208a of the automated storage and retrieval
system (ASRS) structure 208 from the decanting/induction area 204 shown in FIG. 7, according
to an embodiment herein. The partial perspective view in FIG. 9 illustrates the first perimeter
side 208a of the ASRS structure 208 toward a corner at which the first perimeter side 208a and
the second perimeter side 208b of the ASRS structure 208 intersect. From this vantage point,
FIG. 9 illustrates the VAS and returns area 205 populated by a series of VAS/returns-handling
workstations 206/207 distributed along the first perimeter side 208a of the ASRS structure 208.
Each of the VAS/returns-handling workstations 206/207 is individually and directly connected
to the gridded lower track layout 401 of the three-dimensional (3D) gridded storage structure
400 constituting the ASRS structure 208 for service of these VAS/returns-handling
workstations 206/207 by the same fleet of robotic storage/retrieval vehicles (RSRVs) 406 that
serve the decanting/induction workstations 221 illustrated in FIG. 7 and deposit and retrieve
storage bins 403 to and from the storage locations of the 3D gridded storage structure 400.

[00108] FIG. 10A illustrates a partial top perspective view of a VAS/returns-handling
workstation 206/207 used at the VAS and returns area 205 shown in FIG. 9, as viewed from
outside the automated storage and retrieval system (ASRS) structure 208, according to an
embodiment herein. In an embodiment as illustrated in FIG. 10A, the VAS/returns-handling
workstation 206/207 is of an L-shaped configuration and comprises a first leg 206a and a
second leg 206b. The first leg 206a of the VAS/returns-handling workstation 206/207 projects
outwardly from the first perimeter side 208a of the ASRS structure 208. The second leg 206b
of the VAS/returns-handling workstation 206/207 extends parallel to the first perimeter side
208a of the ASRS structure 208. An interior of each VAS/returns-handling workstation
206/207 comprises an enclosure similar to the chute-like structure of the decanting/induction
workstations 221. Accordingly, each VAS/returns-handling workstation 206/207 comprises
upright outer walls 206¢ that enclose the VAS/returns-handling workstation 206/207 at sides
thereof other than the inner side that opens into the three-dimensional (3D) gridded storage
structure 400 that constitutes the ASRS structure 208 at the gridded lower track layout 402
thereof illustrated in FIG. 4. Each VAS/returns-handling workstation 206/207 further
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comprises a top cover panel 229, the underside of which defines an interior ceiling of the
VAS/returns-handling workstation 206/207, and the opposing topside of which defines an
external countertop worksurface 229a. Inside the first leg 206a of each VAS/returns-handling
workstation 206/207, is a gridded lower track 234 illustrated in FIG. 10B which, similar to that
of the decanting/induction workstations 221, is an extension of the gridded lower track layout
402 of the 3D gridded storage structure 400. Instead of a one-way track that is one-spot wide
and runs parallel to the first perimeter side 208a of the ASRS structure 208, the gridded lower
track 234 of each VAS/returns-handling workstation 206/207 is a two-way track that is two
spots wide and runs perpendicular to the first perimeter side 208a of the ASRS structure 208.

[00109] FIG. 10B illustrates a partial top perspective view of the VAS/returns-handling
workstation 206/207 shown in FIG. 10A as viewed from outside the automated storage and
retrieval system (ASRS) structure 208, where the upright outer walls 206¢ and the top cover
panel 229 of the VAS/returns-handling workstation 206/207 are shown as transparent layers to
reveal internal components thereof and an internal workflow therethrough, according to an
embodiment herein. The gridded lower track 234 in the first leg 206a comprises three
longitudinal rails 235 running a length of the first leg 206a in a perpendicular relation to the
first perimeter side 208a of the ASRS structure 208. The gridded lower track 234 in the first
leg 206a further comprises a series of cross-rails 236 perpendicularly interconnecting the
longitudinal rails 235 at regularly spaced intervals, thereby delimiting square spots of the
gridded lower track 234. A first series of spots running along on an outer side of the first leg
2064, that is, the side thereof opposite the second leg 206b, denotes an outbound half of the
two-way gridded lower track 234 of the first leg 206a, on which a robotic storage/retrieval
vehicle (RSRV) 406 exits the three-dimensional (3D) gridded storage structure 400 at the
gridded lower track layout 402 thereof illustrated in FIG. 4, and travels away from the 3D
gridded storage structure 400 inside the first leg 206a of the VAS/returns-handling workstation
206/207. A second series of spots running along the opposing inner side of the first leg 206a
denotes an inbound half of the two-way gridded lower track 234 of the first leg 206a on which
the RSRYV 406 can travel back into the 3D gridded storage structure 400 on the gridded lower
track layout 402 thereof.

[00110] Above an access spot Sac on the inbound half of the gridded lower track 234, a
placement port or a placement-access port 230 opens through the top cover panel 229 from the
countertop worksurface 229a thereof into the interior space of the first leg 206a of the
VAS/returns-handling workstation 206/207. Accordingly, when an RSRV 406 traveling
through the first leg 206a of the VA S/returns-handling workstation 206/207 stops at the access
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spot Sac on the inbound half of its travel therethrough, a human worker or a robotic worker of
the VAS/returns-handling workstation 206/207 can interact with an initially empty or less than
full inventory storage bin 403b placed or already carried atop the RSRV 406 to place processed
items in the inventory storage bin 403b once the inbound items 902 have been processed at this
VAS/returns-handling workstation 206/207. Having received the processed items, the
inventory storage bin 403b is then advanced onward from the access spot Sac of the gridded
lower track 234 of the VAS/returns-handling workstation 206/207 back into the 3D gridded
storage structure 400 on the gridded lower track layout 402 thereof. The second leg 206b of the
VAS/returns-handling workstation 206/207 similarly comprises a picking port or a picking-
access port 231 penetrating through the top cover panel 229 from the countertop worksurface
229a thereof at a position overlying another access spot Sac at which an unprocessed storage
bin 403a is received to allow access to that unprocessed storage bin 403a for picking of the
unprocessed inbound items 902 therefrom for processing and subsequent placement of the
processed items into the inventory storage bin 403b through the placement-access port 230.

[00111] Inanembodiment as illustrated in FIGS. 10A-10B, the unprocessed storage bins
403a are subdivided storage bins, each having multiple separated compartments 404a therein
of a different quantity than the number of compartments 404b found in each inventory storage
bin 403b, which in an embodiment, is also subdivided into multiple compartments 404b. As
illustrated in FIGS. 10A-10B, each of the unprocessed storage bins 403a comprises four
compartments 404a of a large size, while each of the inventory storage bins 403b comprises
eight compartments 404b of a small size. In an embodiment, the overall outer dimensions of
the different storage bins 403a, 403b are identical, thereby providing a universal fit of the
storage bins 403a, 403b on the upper support platforms 412 of the RSRVs 406 illustrated in
FIGS. 5A-5B, and in the storage locations of the 3D gridded storage structure 400. In an
embodiment, the unprocessed storage bins 403a contain a greater quantity of items or stock
keeping units (SKUs) than what is destined for a single inventory storage bin 403b, whereby
the contents of an unprocessed storage bin 403a is transferred to multiple inventory storage
bins 403b, whereby multiple inventory storage bins 403b are circulated past the placement-
access port 230 of the first leg 206a of the VAS/returns-handling workstation 206/207 while
the same unprocessed storage bin 403a sits statically at the picking-access port 231 of the
second leg 206b of the VAS/returns-handling workstation 206/207.

[00112] Long term static parking of an RSRV 406 at the picking-access port 231 may
be considered a wasted resource, preventing assignment of that particular RSRV 406 to other

tasks in the meantime, and therefore, the second leg 206b of the VAS/returns-handling
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workstation 206/207 does not include a vehicle track for vehicle-carried travel of storage bins
403 through the second leg 206b of the VAS/returns-handling workstation 206/207. In an
embodiment as illustrated in FIGS. 10B-10C, the second leg 206b of the VAS/returns-handling
workstation 206/207 instead employs a conveyor-based travel path with a small-sized inlet
conveyor 239 positioned inside the 3D gridded storage structure 400 at a perimeter-adjacent
spot of the gridded lower track layout 402; a transfer table 237 occupying the access spot Sac
beneath the picking-access port 231; and a small-sized outlet conveyor 238 occupying an exit
spot that neighbors the transfer table 237 on a side thereof opposite the first leg 206a of the
VAS/returns-handling workstation 206/207.

[00113] FIG. 10C illustrates a partial perspective view of the VAS/returns-handling
workstation 206/207 shown in FIGS. 10A-10B as viewed from inside the automated storage
and retrieval system (ASRS) structure 208, according to an embodiment herein. A robotic
storage/retrieval vehicle (RSRV) 406 delivering an unprocessed storage bin 403a to the
VAS/returns-handling workstation 206/207 parks beside the inlet conveyor 239 on the gridded
lower track layout 402 of the 3D gridded storage structure 400, lowers its height-adjustable
wheel set to lift the unprocessed storage bin 403a to an elevation slightly exceeding a topside
of the inlet conveyor 239 of the VAS/returns-handling workstation 206/207, extends its turret
arm 415 to deposit the unprocessed storage bin 403a onto the inlet conveyor 239, and then
lowers its height-adjustable wheel set to lower the turret arm 415 out of engagement with the
catch member in the unprocessed storage bin 403a to allow retraction of the turret arm 415
while leaving the unprocessed storage bin 403a behind on the inlet conveyor 239 of the
VAS/returns-handling workstation 206/207. In an embodiment, one or more buffer conveyors
(not shown) are added between the inlet conveyor 239 and the access spot Sac below the
picking-access port 231 to allow queuing of multiple unprocessed storage bins 403a. Provided
that the neighboring access spot Sac or a buffer conveyor spot is unoccupied by a previously
delivered unprocessed storage bin 403a, the inlet conveyor 239 is activated to roll the newly
arrived unprocessed storage bin 403a into or toward the access spot Sac below the picking-
access port 231.

[00114] After conveyance to the access spot Sac below the picking-access port 231, and
once all the inbound items 902 processed in the current VAS/retums processing task have been
picked, the fully or partially emptied unprocessed storage bin 403a is shifted over onto an outlet
conveyor 238. In an embodiment, at the outlet conveyor 238, an RSRV 406, whether the same
one or another one different from the one that dropped the fully or partially emptied
unprocessed storage bin 403a off, picks up the fully or partially emptied unprocessed storage
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bin 403a by extending its turret arm 415 to engage the fully or partially emptied unprocessed
storage bin 403a, lowering its height-adjustable wheel set to lift the turret arm 415 into
engagement with the catch member in the underside of the fully or partially emptied
unprocessed storage bin 403a, and then retracts the turret arm 415 to pull the fully or partially
emptied unprocessed storage bin 403a onto the RSRV 406. The RSRV 406 can then traverse
the gridded lower track layout 402 of the 3D gridded storage structure 400 to a
decanting/induction station 221 in need of an empty unprocessed storage bin, or can traverse
the gridded lower track layout 402 to an upright shaft 405 neighbored by a storage column 404
illustrated in FIG. 4, with an unoccupied storage location in which the fully or partially emptied
unprocessed storage bin 403a can be stored until later needed.

[00115] The VAS/returns-handling workstation 206/207, therefore, comprises two
travel paths on which the inventory storage bins 403b and the unprocessed storage bins 403a
are respectively transferable through the VAS/returns-handling workstation 206/207 past
respective access ports at which interiors of the inventory storage bins 403b and the
unprocessed storage bins 403a are accessible for respective placement and picking of items
902 to and from the respective storage bins 403b, 403a transitioning through the VAS/returns-
handling workstation 206/207. One travel path involves vehicle-carried travel of the respective
storage bin over an extension track of the 3D gridded storage structure 400, while the other
travel path is a short conveyor-based path at which drop-off and pickup of the respective
storage bin is also performed by the fleet of RSRVs 406.

[00116] In an embodiment as illustrated in FIGS. 10A-10B, the VAS/returns-handling
workstation 206/207 further comprises a light guidance system, for example, a put-to-light
worker guidance system 232. The put-to-light worker guidance system 232 comprises multiple
illuminable indicators 233 mounted to the top cover panel 229 of the VAS/returns-handling
workstation 206/207 in close adjacency to a border of the placement-access port 230. In an
embodiment, the quantity and layout of the illuminable indicators 233 match the layout of the
compartments 404b of the inventory storage bins 403b, whereby each illuminable indicator
233 closely neighbors a respective compartment 404b of the inventory storage bin 403b when
the inventory storage bin 403b is seated at the access spot of the first leg 206a of the
VAS/returns-handling workstation 206/207. In other embodiments, at minimum, the quantity
and layout of the illuminable indicators 233 are such that at least one illuminable indicator 233
neighbors each compartment 404c of the inventory storage bin 403b. In the embodiment
illustrated in FIGS. 10A-10B, the inventory storage bin 403b comprises, for example, eight

compartments 404b, and the put-to-light worker guidance system 232 comprises, for example,
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eight illuminable indicators 233, laid out in a one-to-one ratio with the compartments 404b of
the inventory storage bin 403b, where indication of one of the compartments 404b is provided
by illumination of a respective illuminable indicator 233 that neighbors that compartment 404b.
This allows alternative use of the same put-to-light worker guidance system 232 with more
subdivided inventory storage bins 403b having eight compartments 404b, where the one-to-
one illuminable indicator to compartment ratio means that illumination of only one neighboring
illuminable indicator is used to indicate a respective compartment 404b. The same put-to-light
worker guidance system 232 also allows optional use with a two-compartment inventory
storage bin, of which each compartment neighbors a respective illuminable indicator-bordered
side of the placement-access port 230, and where each compartment is neighbored by a set of
four illuminable indicators 233 residing along that side of the placement-access port 230, and
all of the four illuminable indicators 233 are illuminated to indicate that compartment of the
inventory storage bin.

[00117] Under command by a computerized control system (CCS) 265 of the facility
illustrated in FIG. 30, that also wirelessly communicates with the fleet of RSRVs 406 to control
conveyance thereof throughout the ASRS structure 208 to perform various tasks based on
inventory and order information stored or retrieved by the CCS 265, the put-to-light worker
guidance system 232 is operable to display a selective illumination of the neighboring
illuminable indicator(s) at the countertop worksurface 229a to identify a compartment or
compartments 404b of the inventory storage bin 403b currently parked at the access spot of the
first leg 206a of the VAS/returns-handling workstation 206/207. Items picked from the
compartment(s) 404a of the unprocessed storage bin 403a at the second leg 206b of the
VAS/returns-handling workstation 206/207 should be placed into the compartment or
compartments 404b of the inventory storage bin 403b currently parked at the access spot of the
first leg 206a of the VAS/returns-handling workstation 206/207 after VAS or returns
processing thereof. In an embodiment, the illuminable indicators 233 are illuminable push-
buttons configured to be pushed by a human worker once the indicated placement task has been
completed. In another embodiment, the illuminable indicators 233 are accompanied by a
separate neighboring push-button or another worker-activated input device employed for such
confirmation of a completed placement task.

[00118] A human-machine interface (HMI) at each VAS/returns-handling workstation
206/207 comprises a display screen 901 for displaying instructions related to the necessary
VAS actions to be taken or tasks to be performed on the contents of the arrived unprocessed

storage bin 403a, for example, based on an optical scan of the unprocessed storage bin 403a or
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an order identificr code found on or carried in the unprocessed storage bin 403a, or a wireless
transmission of a bin or order identifier by a radio frequency identification (RFID) tag or other
means upon arrival of the unprocessed storage bin 403a at the VAS/returns-handling
workstation 206/207. Once all the processed items destined for the particular inventory storage
bin 403b currently parked at the placement-access port 230 have been placed in that inventory
storage bin 403b, the RSRV 406 carrying that inventory storage bin 403b autonomously drives
out of the VAS/returns-handling workstation 206/207 back into the ASRS structure 208 and
carries the filled inventory storage bin 403b to an available storage location, where the
inventory storage bin 403b is offloaded from the RSRV 406 into the available storage location
for storage therein until later called for as part of an order picking task. In an embodiment, if
an active order picking task is awaiting the newly processed items just placed in that inventory
storage bin 403b, the RSRV 406 transports the inventory storage bin 403b directly to the
picking area 209 illustrated in FIG. 6, via the gridded lower track layout 402 of the 3D gridded
storage structure 400 illustrated in FIG. 4.

[00119] Processing of customer returns arriving in an unprocessed storage bin 403a is
similar to processing of new inventory items, except that the returns processing involves
inspection of the customer returns to confirm the saleable condition of the customer returns
before inducting the customer returns into the ASRS structure 208 as inventory, and only
placing the returned items into the inventory storage bin 403b if the inspection results are
positive. If the condition of the returned items is confirmed sufficient to qualify as saleable
inventory, but packaging or labeling of the returned items is damaged or outdated, then in an
embodiment, the returns processing comprises relabeling or repackaging, for example, using
the same labels/packaging defined by prescribed VAS requirements of a vendor. In an
embodiment, the same inspection process is used as a basis for determining whether to refund
the customer for each returned item, and optionally, whether to issue a full or partial refund
depending on the condition of the returned item. In an embodiment, the human-machine
interface, therefore, presents the human worker or the robotic worker with selectable refund
commands operable to authorize, decline, or set a type or amount of refund, for example, a full
or partial refund in order return records of the CCS 265 of the facility.

[00120] FIG. 11 illustrates a partial perspective view of the layout of the order
fulfillment system 200 shown in FIG. 6, showing a picking area 209 positioned on a second
perimeter side 208b of the automated storage and retrieval system (ASRS) structure 208 around
a corner from the VAS and returns area 205 shown in FIG. 9, according to an embodiment

herein. The partial perspective view in FIG. 11 illustrates the second perimeter side 208b of the
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ASRS structure 208 toward a corner at which the second perimeter side 208b and the third
perimeter side 208c of the ASRS structure 208 intersect. From this vantage point, FIG. 11
illustrates the picking arca 209 populated by a series of picking workstations 240 distributed
along the second perimeter side 208b of the ASRS structure 208. Each of the picking
workstations 240 is individually and directly connected to the gridded lower track layout 402
of the three-dimensional (3D) gridded storage structure 400 illustrated in FIG. 4 that constitutes
the ASRS structure 208, for service of these picking workstations 240 by the same fleet of
robotic storage/retrieval vehicles (RSRVs) 406 that serves the decanting/induction
workstations 221 and the VAS/returns-handling workstations 206/207. In an embodiment, the
picking workstations 240 are of an L-shaped, dual-port configuration, each comprising a first
leg 240a and a second leg 240b.

[00121] FIG. 12 illustrates a partial top perspective view of a picking workstation 240
used at the picking areca 209 shown in FIG. 11, as viewed from outside the automated storage
and retrieval system (ASRS) structure 208, according to an embodiment herein. In an
embodiment as illustrated in FIG. 12, the picking workstations 240 are of the same L-shaped,
dual-port configuration as the VAS/returns-handling workstations 206/207, and therefore
comprise a first track-based two-way travel path passing by a first access port 242 in the first
leg 240a of the L-shaped picking workstation 240, and a conveyor-based one-way travel path
passing by a second access port 243 in the second leg 240b of the L-shaped picking workstation
240. In this embodiment, the first access port 242 serves as a picking port or a picking-access
port through which items 903 are picked from vehicle-carried inventory storage bins 403b
transitioning through the first leg 240a. Furthermore, in this embodiment, the second access
port 243 serves as a placement port or a placement-access port through which items 903 are
placed in conveyor-carried order bins 403c¢ transitioning through the second leg 240b. At the
picking workstations 240, the storage bins 403 carried on the robotic storage/retrieval vehicles
(RSRVs) 406 moving through the first leg 240a are inventory storage bins 403b. In an
embodiment, these inventory storage bins 403b are delivered to the picking workstation 240
from a shaft-accessed storage location in the three-dimensional (3D) gridded storage structure
400 illustrated in FIG. 4 that constitutes the ASRS structure 208, in which the inventory storage
bin 403b was stored. In another embodiment, these inventory storage bins 403b are delivered
to the picking workstation 240 directly from a VAS/returns-handling workstation 206/207 if
an order being picked at the picking workstation 240 is waiting on a freshly processed inventory
item illustrated in FIG. 10A, just processed at the VAS and returns area 205. In another

embodiment, these inventory storage bins 403b are delivered to the picking workstation 240
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from another picking workstation 240 at which another order containing the same item stock
keeping unit (SKU) was being picked. The storage bins 403 carried on the conveyor-based one-
way travel path of the second leg 240b of the picking workstation 240 are order bins 403¢ into
which ordered items 903 of one or more orders are placed after picking them from one or more
inventory storage bins 403b received at the first leg 240a of the picking workstation 240.

[00122] In an embodiment, the order bins 403c are subdivided bins, each comprising
multiple separated compartments 404¢ therein that exceed, in quantity, the number of
compartments 404b found in each inventory storage bin 403b, which as disclosed above are
also subdivided into multiple compartments 404b. In an embodiment, each of the order bins
403c comprises, for example, eight compartments 404c, while each of the inventory storage
bins 403b comprises, for example, four compartments 404b of a larger size than that of those
of the order bins 403¢ as illustrated in FIG. 12. In an embodiment, the outer dimensions of the
unprocessed storage bins 403a, the inventory storage bins 403b, and the order bins 403¢ as
illustrated in FIG. 10A and FIG. 12, are identical among the different bin types for universal
compatibility with the ASRS structure 208 and the fleet of RSRVs 406. Since a multi-item
order typically requires items from multiple inventory storage bins 403b, the inventory storage
bins 403b are circulated past the picking-access port 242 by the RSRVs 406 traveling through
the picking workstation 240, while the order bin 403c¢ sits statically beneath the placement-
access port 243 on the conveyor-based one-way travel path of the second leg 240b of the
picking workstation 240.

[00123] In an embodiment, the picking workstation 240 further comprises a light
guidance system, for example, a put-to-light worker guidance system 232 similar to that of the
VAS/returns-handling workstations 206/207. The put-to-light worker guidance system 232
comprises multiple illuminable indicators 233 mounted to the top cover panel 241 of the
picking workstation 240 in close adjacency to the border of the placement-access port 243. In
this embodiment, the put-to-light worker guidance system 232 resides at the conveyor-
equipped second leg 240b of the picking workstation 240 rather than on the track-equipped
first leg 240a thereof. In an embodiment as illustrated in FIG. 12, the quantity and layout of the
illuminable indicators 233 matches the compartment layout of the order bins 403c, whereby
each illuminable indicator 233 closely neighbors a respective compartment 404¢ of the order
bin 403¢ when the order bin 403c is seated at the access spot of the second leg 240b of the
picking workstation 240. In other embodiments, at minimum, the quantity and layout of the
illuminable indicators 233 are such that at least one illuminable indicator 233 neighbors each

compartment 404¢ of the order bin 403c. In the embodiment illustrated in FIG. 12, the order
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bin 403¢ comprises, for example, eight compartments 404c, and the put-to-light worker
guidance system 232 comprises eight illuminable indicators 233 laid out in a one-to-one ratio
with the compartments 404¢ of the order bin 403¢. In another embodiment, the put-to-light
worker guidance system 232 comprises eight illuminable indicators 233 even if the order bins
403c contain only four compartments 404c. In this embodiment, each compartment 404c is
neighbored by two illuminable indicators 233, both of which would be illuminated to indicate
placement of one or more items 903 in that compartment 404c¢. In another example with eight
illuminable indicators 233 and two compartments 404c per order bin 403c, where each
compartment 404¢ neighbors a respective side of the placement-access port 243, all four
illuminable indicators 233 on the respective side of the placement-access port 243 are
illuminated to indicate the respective one of the two compartments 404¢ in which one or more
items 903 are to be placed. Accordingly, in an embodiment, the number of illuminable
indicators 233 is selected based on the number of compartments 404¢ found in a subdivided
bin type with the most subdivisions among predetermined bin types of varying compartment
quantity. For example, if a manufacturer of the storage bins 403 offers two-compartment
storage bins, four-compartment storage bins, and eight-compartment storage bins, then the put-
to-light worker guidance system 232 employs eight illuminable indicators 233 for
accommodating use of any of the different subdivided bin types. Under command of the
computerized control system (CCS) 265 of the facility illustrated in FIG. 30, the put-to-light
worker guidance system 232 is operable to display a selective illumination of the appropriate
neighboring illuminable indicator(s) at the countertop worksurface 241a according to which
compartment or compartments 404c¢ of the order bin 403¢ a human worker should place the
item(s) 903 being picked from the inventory storage bin 403b currently parked at the access
spot of the first leg 240a of the picking workstation 240. After placement of the item(s) 903,
the human worker provides a confirmation of the placement task by a depression of the
illuminated indicator 233, if a push-button indicator is used, or a depression of an
accompanying confirmation button or another worker-activated input device located closely
adjacent to the illuminable indicator 233.

[00124] A human-machine interface (HMI) at each picking workstation 240 comprises
a display screen 901 for displaying instructions concerning, for the given order currently being
filled, which item(s) 903 to pick from the inventory storage bin 403b currently parked on an
RSRYV 406 at the access spot of the first leg 240a of the picking workstation 240, and which
compartment(s) 403¢ of that inventory storage bin 403b the item(s) 903 is/are found in. The

put-to-light worker guidance system 232 indicates into which compartment or compartments
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404c of the order bin 403c¢ the picked items for the current order are to be placed. Once all the
ordered items from the particular inventory storage bin 403b currently parked at the picking-
access port 242 of the first leg 240a have been picked therefrom, the RSRV 406 carrying that
inventory storage bin 403b autonomously drives out of the picking workstation 240 back into
the ASRS structure 208, and carries the inventory storage bin 403b either to an available storage
location at which the inventory storage bin 403b is offloaded for storage therein until later
called for as part of another order picking task, or to another picking workstation 240 at which
the inventory items of that inventory storage bin 403b are required for another order.

[00125] If additional items are needed to fulfill the order, the next RSRV 406 carrying a
respective inventory storage bin 403b with one or more of those additional items is advanced
to the picking-access port 242, and the display screen 901 guides the picking task to be
performed on this inventory storage bin 403b, while the put-to-light worker guidance system
232 guides placement of the picked items into one or more compartments 404¢ of the waiting
order bin 403c. This picking of ordered inventory items from the inventory storage bins 403b
and placement thereof into the order bin 403¢ is repeated for the given number of orders
assigned to the order bin 403c¢ currently parked at the placement-access port 243 of the second
leg 240b. Once the order bin 403c is filled, the order bin 403¢ is advanced from the access spot
to a pickup spot on the outlet conveyor 238 illustrated in FIG. 10C, where the order bin 403¢
is loaded onto a waiting or arriving RSRV 406 for transport thereby to the packing area 210
via the gridded lower track layout 402 of the 3D gridded storage structure 400, or for optional
storage in a storage location of the 3D gridded storage structure 400 if the filled order bin 403¢
is to be temporarily buffered in favor of other higher priority orders that need to be packed
more urgently.

[00126] FIG. 13 illustrates a top plan view of a light guidance system, for example, a
put-to-light worker guidance system 232, usable at the VAS/returns-handling workstations
206/207, the picking workstation 240, and a packing workstation 245 of the order fulfillment
system 200 illustrated in FIGS. 2-3, FIG. 9, FIG. 11, and FIG. 14, according to an embodiment
herein. In an embodiment, each illuminable indicator 233 is accompanied by a respective item
quantity display 244, for example, in the form of a respective small liquid crystal display (LCD)
screen positioned closely adjacent to the illuminable indicator 233. The item quantity display
244 is accompanied by up and down push-buttons 244a, 244b or other worker-activated
quantity adjustment input devices operable to increment and decrement the number shown on
the item quantity display 244. The computerized control system (CCS) 265 illustrated in FIG.
30, is operable to display the quantity of items to be placed in the compartment 404 of the
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storage bin 403, herein referred to as a “bin compartment”, being identified by an illuminated
state of the respective illuminable indicator 233 according to the assigned processing, pick, or
pack task. In an embodiment, each illuminable indicator 233 comprises multiple operational
states, for example, states varying in color, intensity, continuity, that is, solid or flashing, etc.,
to reflect the status of a particular placement task to which the illuminable indicator 233 is
assigned by the CCS 265. For example, a solid green illumination is employed to identify the
compartment 404 in question and is maintained until the placement task at hand is completed.
When the placement task is completed, a worker confirms completion of the assigned
placement task, for example, by depression of the illuminable indicator 233, if a push-button
type of illuminable indicator is used, or by activation of a separate confirmation push-button
or another worker-activated input device near the illuminable indicator 233. This action of
depression or activation serves to signal the CCS 265 of the completion of the placement task
so that the next placement task can be executed. In another embodiment, confirmation of the
appropriate number of placement actions or tasks by the worker is performed, for example,
with visual recognition tools or a light curtain or similar sensing mechanism at the placement-
access port 230 or 243 illustrated in FIG. 10A and FIG. 12, to detect and count the number of
times the worker’s hand enters and exits the placement-access port 230 or 243. With each
detected placement, in an embodiment, the quantity displayed on the item quantity display 244
is decremented to indicate the number of remaining items to be placed according to the current
placement task.

[00127] The inclusion of up and down push-buttons 244a, 244b or other worker-
activated quantity adjustment input devices allows the worker to inform the CCS 265 of
discrepancies between the assigned quantity of items to be placed in a recipient storage bin at
the placement-access port 230 or 243 and the available quantity of items in the supply storage
bin from which the items are being picked at the picking-access port 231 or 242 illustrated in
FIG. 10A and FIG. 12. For example, if the item quantity display 244 displays that five items
are to be placed in the recipient storage bin, but only four of that item are present in the supply
storage bin, the worker uses a down arrow or push-button 244b to decrement the displayed item
quantity by one, and then presses the push-button indicator or a separate confirmation push-
button or input device to inform the CCS 265 that placement of the displayed quantity of items
has been completed. The CCS 265 compares the confirmed quantity against the originally
assigned quantity, and recognizing the discrepancy therebetween, calls for robotic
storage/retrieval vehicle-delivery of another storage bin containing the same item stock keeping

unit (SKU) to the VAS/returns-handling workstation 206/207, the picking workstation 240, or
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the packing workstation 245 to fulfill the item shortage of the current task. This inventory
discrepancy is also recorded in the CCS 265. The up push-button 244a is included in case the
worker inadvertently pushes the down push-button 244b too many times and decreases the
displayed item quantity too far, whereupon the up push-button 244a can be used to correct the
error to accurately reflect the placed quantity on the item quantity display 244.

[00128] FIG. 14 illustrates a partial perspective view of the layout of the order
fulfillment system 200 shown in FIG. 6, showing a packing arca 210 positioned on a third
perimeter side 208¢ of the automated storage and retrieval system (ASRS) structure 208 around
a corner from the picking area 209, according to an embodiment herein. The partial perspective
view in FIG. 14 illustrates the third perimeter side 208c of the ASRS structure 208 from near
a cormner thereof at which the second perimeter side 208b and the third perimeter side 208¢
intersect. From this vantage point, FIG. 14 illustrates the packing area 210 populated by a
number of packing workstations 245 positioned beside the third perimeter side 208¢ of the
ASRS structure 208. In an embodiment as illustrated in FIG. 14, instead of each packing
workstation 245 being individually and directly connected to the gridded lower track layout
402 of the three-dimensional (3D) gridded storage structure 400 illustrated in FIG. 4, that
constitutes the ASRS structure 208, the packing workstations 245 are grouped together in a
number of rows. Each row comprises a respective series of packing workstations 245 arranged
in a linear array emanating perpendicularly outward from the third perimeter side 208¢ of the
ASRS structure 208. A package transport conveyor 247 runs along the third perimeter side
208¢c of the ASRS structure 208 in immediate or close adjacency thereto from the first row
246a of packing workstations 245 nearest the corer of the ASRS structure 208 closest to the
picking area 209, past a last row 246b of packing workstations 245, and onward to an intake of
the last mile sort area 216.

[00129] FIG. 15A illustrates a partial perspective view of the packing area 210 shown
in FIG. 14 from another angle and closer vantage point, showing a multi-rowed layout of
packing workstations 245 therein, according to an embodiment herein. Each row of packing
workstations 245 comprises a respective order bin conveyor 248 on which order bins 403¢ from
the ASRS structure 208 are conveyed to the different packing workstations 245 in the row, and
then returned back into the ASRS structure 208. The order bin conveyor 248 comprises an
initial conveyor section 248a illustrated in FIG. 15C, positioned outside the ASRS structure
208 in parallel adjacency to the third perimeter side 208c¢ thereof and running therealong from
a respective outlet port 254 of the ASRS structure 208 to an outbound conveyor section 248b

of the order bin conveyor 248. In an embodiment, the initial conveyor section 248a extends
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outwardly from below the outlet port 254 as illustrated in FIG. 15C. The outbound conveyor
section 248b of the order bin conveyor 248 runs perpendicularly from the initial conveyor
section 248a down to the last packing workstation 245 of the row furthest from the ASRS
structure 208 as illustrated in FIGS. 15B-15C. At the distal end of the outbound conveyor
section 248b furthest from the ASRS structure 208, a transition section 248¢ illustrated in FIG.
I5A and FIG. 15D, transfers the order bins 403¢ through a 180-degree turn onto an inbound
return section 248d that runs back to the ASRS structure 208 in parallel relation to the outbound
conveyor section 248b to return the order bins 403c¢ back into the ASRS structure 208 through
a return port 249 as illustrated in FIGS. 15A-15C. In an embodiment, the transition section
248c is a cross conveyor configured to convey an order bin 403¢ from the outbound conveyor
section 248D to the inbound return section 248d as illustrated in FIG. 15D for redirection of the
order bin 403c back into the ASRS structure 208. The transition section 248c connects the
outbound conveyor section 248b to the inbound return section 248d at the distal end of the
outbound conveyor section 248b furthest from the ASRS structure 208.

[00130] FIG. 15B illustrates a partial perspective view of the packing area 210 shown in
FIG. 14, showing a two-level conveyor unit comprising the order bin conveyor 248 positioned
at a lower level for conveying order bins 403¢ and a package feeding conveyor 250 positioned
at an upper level for conveying packaged orders 1501, according to an embodiment herein. The
robotic storage/retrieval vehicles (RSRVS) 406 deliver the order bins 403¢ from the ASRS
structure 208 via the order bin conveyor 248 at the lower level of the two-level conveyor unit.
As illustrated in FIG. 15B, the order bin conveyor 248 comprises the outbound conveyor
section 248b and the inbound return section 248d positioned in a parallel configuration at the
lower level of the two-level conveyor unit. The RSRVs 406 traverse the outbound conveyor
section 248b of the order bin conveyor 248 and present the order bins 403c¢ to the access ports
251 of the packing workstations 245 for packaging items into parcels or packaged orders 1501
and return the order bins 403c to the ASRS structure 208 via the inbound return section 248d
of the order bin conveyor 248. The packaged orders 1501 are conveyed to the last mile sort
area 216 as illustrated in FIG. 16, via the package feeding conveyor 250 positioned at the upper
level of the two-level conveyor unit.

[00131] FIG. 15C illustrates a top plan view showing an order bin conveyor circuit
connected to the ASRS structure 208 for serving order bins 403c¢ therefrom to a respective row
of packing workstations 245 in the packing area 210, according to an embodiment herein. At
each packing workstation 245 in a row, the outbound conveyor section 248b of the order bin

conveyor 248 comprises an offshoot operable to redirect an order bin 403¢ from the outbound
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conveyor section 248b to an access spot of the packing workstation 245 that underlies an access
port 251 in a countertop worksurface 252 of the packing workstation 245. This part of the
countertop worksurface 252 comprising the access port 251 is positioned beside and above the
outbound conveyor section 248b of the order bin conveyor 248. In an embodiment as illustrated
in FIGS. 15A-15E, the packing workstation 245 is of an L-shaped configuration comprising
one leg 245a that lies parallel to the outbound conveyor section 248b and comprises the access
port 251 therein, and another other leg 245b that extends perpendicularly away from the
outbound conveyor section 248b as illustrated in FIG. 15C. The other leg 245b of the packing
workstation 245 comprises an extension 252a of the countertop worksurface 252 and an
overlying shelf 252b as illustrated in FIGS. 15B-15E. A worker may use the extension 252a
and the overlying shelf 252b to place and store packaging materials, for example, parcel boxes
for packaging the items, shipping labels for labeling the parcels, etc., at the packing workstation
245.

[00132] FIG. 15D illustrates an enlarged, partial perspective view of one of the rows of
packing workstations 245 in the packing area 210, according to an embodiment herein. FIG.
I5E illustrates an enlarged, partial perspective view of two of the packing workstations 245,
according to an embodiment herein. Each packing workstation 245 further comprises a human-
machine interface (HMI) with a display screen 901. The package feeding conveyor 250 overlies
the outbound conveyor section 248b of the order bin conveyor 248 and runs parallel thereto.
The package feeding conveyor 250 runs from the last packing workstation 245 of a row furthest
from the ASRS structure 208 toward and past the first packing workstation 245 of the row
nearest the ASRS structure 208 in order to deliver the packaged orders 1501 from all of the
packing workstations 245 of the row to the package transport conveyor 247 that runs alongside
the ASRS structure 208.

[00133] Order bins 403c containing ordered items placed therein at the picking
workstations 240 illustrated in FIG. 11 are brought by the robotic storage/retrieval vehicles
(RSRVs) 406 to a perimeter-adjacent drop-off spot on the gridded lower track layout 402 of
the three-dimensional (3D) gridded storage structure 400 that constitutes the ASRS structure
208, where the outlet port 254 opens through what otherwise may be a substantially cladded
exterior of the ASRS structure 208. At this drop-off spot, the RSRV 406 offloads the order bin
403c onto the initial conveyor section 248a, from which the order bin 403c is transferred onto
the outbound conveyor section 248b, and conveyed onward to the conveyor offshoot of a
respective packing workstation 245, where the order bin 403c is redirected into the access spot

that underlies the access port 251 of the packing workstation 245. In an embodiment, the
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countertop worksurface 252 of the packing workstation 245 comprises a pick-to-light worker
guidance system 253 employing the same illuminable indicators 233 as illustrated in FIGS.
I5B-15E and optional item quantity displays 244 illustrated in FIG. 13, as the put-to-light
worker guidance system 232 at the picking workstations 240 and the VAS/returns-handling
workstations 206/207. Accordingly, the illuminable indicators 233 and optional item quantity
displays 244 are laid out such that at least one illuminable indictor neighbors each compartment
404c of the order bin 403c¢ received at the packing workstation 245. The pick-to-light guidance
system 253 is operated by the computerized control system (CCS) 265 illustrated in FIG. 30,
to guide a worker to pick the contents of a particular order or orders from one or more
compartments 404¢ of the order bin 403c, while the display screen 901 displays any order-
specific packaging instructions, for example, packaging of items in branded packaging of a
particular vendor from whose inventory the order was purchased, etc., applicable to the order
being packaged. The pick-to-light guidance system 253 illuminates the neighboring illuminable
indicator(s) 233 of one or more compartments 404¢c containing one or more orders to be
packaged. If multiple compartments 404¢ are indicated, the worker can select any indicated
compartment 404c, pick the items therefrom, and then depress a neighboring illuminable
indicator 233 of that compartment 404¢ to signal the CCS 265 of the order that has been
selected and picked, in response to which the display screen 901 displays the corresponding
packing instructions for that order.

[00134] In an embodiment, at the packing workstations 245, the HMI comprises a label
printer (not shown) that prints out an appropriate shipping label according to the order details
in the CCS 265. Once the items picked from the order bin 403¢ have been packed in the
prescribed packaging 1501a that is kept on hand or delivered on demand to the packing
workstation 245 as illustrated in FIG. 15E, the packaged order 1501 is placed on the package
feeding conveyor 250 for conveyance to the package transport conveyor 247, on which the
packaged order 1501 is then sent downstream to the intake of the last mile sort area 216. In an
embodiment, conveyors are used at all the workstations, for example, 206, 207, 240, 245 etc.,
rather than robotic storage/retrieval vehicles 406, to present the storage bins 403 at all access
ports, for example, 230, 231 242, 243, and 251 illustrated in FIGS. 9-15E.

[00135] FIG. 16 illustrates a partial perspective view of the layout of the order
fulfillment system 200 shown in FIG. 6, showing a consolidation area 217 neighboring the
packing area 210 in a cooperatively overlapping relation therewith at the third perimeter side
208¢ of the ASRS structure 208, and a last mile sort area 216 positioned further down the third
perimeter side 208c of the ASRS structure 208, according to an embodiment herein. The

49



10

15

20

30

WO 2020/229973 PCT/1B2020/054380

perspective view in FIG. 16 illustrates the third perimeter side 208¢ of the ASRS structure 208
from the last row 246b of packing workstations 245 toward a corner of the ASRS structure 208
at which the third perimeter side 208c¢ and the fourth perimeter side 208d thereof intersect.
From this vantage point, FIG. 16 illustrates the consolidation area 217 populated by a row of
consolidated-packing workstations 255, each being similar to the packing workstations 245
disclosed in the detailed descriptions of FIG. 14 and FIGS. 15A-15E above. In an embodiment,
each of the consolidated-packing workstations 255 is an L-shaped workstation comprising an
access port 251, a pick-to-light guidance system 253, and human-machine interface (HMI)
comprising a display screen 901 of the same or similar type to those used at the packing arca
210. These consolidated-packing workstations 255 share the same order bin conveyor 248 as
the last row 246b of the packing workstations 245, but are fed by offshoots of the inbound
return section 248d of the order bin conveyor 248 rather than the outbound conveyor section
248b of the order bin conveyor 248 illustrated in FIGS. 15A-15B and FIG. 15D, that is
occupied by the last row 246b of the packing workstations 245. Accordingly, the order bins
403¢ from which order items are removed at the consolidated-packing workstations 255 are
returned to the ASRS structure 208 on the same return section 248d as the returning order bins
from the last row 246b of the packing workstations 245. In this embodiment, the consolidation
area 217, therefore, overlaps the packing area 210 in that the consolidated-packing
workstations 255 share order bin conveyance equipment with some of the packing workstations
245 of the packing area 210.

[00136] When orders are generated, any order containing a large-scale item stored in the
oversized item storage area 212 illustrated in FIGS. 2-3, has an electronic or printed pick ticket
issued to a human or robotic picker for picking the large-scale item from the oversized item
storage area 212. The large-scale item is brought to a staging region of the consolidation area
217 that neighbors the consolidated-packing workstations 255. The staging region comprises a
number of staging units 256 with suitably large shelving, compartments, or other temporary
holds for large items. A location identifier of a particular hold or another identifiable spot in
the staging region where the large-scale item is placed is recorded in the computerized control
system (CCS) 265 illustrated in FIG. 30. Order bins 403¢ for orders that include any large-
scale items stored outside the ASRS structure 208 in the oversized item storage area 212 are
specifically dropped off by the robotic storage/retrieval vehicles (RSRVs) 406 at the outlet port
254 that feeds the shared order bin conveyor 248 of the consolidated-packing workstations 255
and the last row 246b of packing workstations 245. Similar to the packing workstations 245,

when an order bin 403c¢ arrives at the access port 251 of the consolidated-packing workstation
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255, the order bin 403c¢ is identified to the CCS 265, for example, by an optical scan of a bin
or order identifier, or by a wireless transmission of a bin or order identifier by a radio frequency
identification (RFID) tag or other means, whereby the CCS 265 is configured to display
appropriate instructions on the display screen 901 to a worker, for example, a human worker,
according to the needs of the order(s) contained in that order bin 403¢. At the consolidated-
packing station 2535, the instructions comprise identification of a large-scale item of the order
and a location identifier of a location where that large-scale item was placed in the staging
region. The worker at the consolidated-packing workstation 255 can, therefore, retrieve the
large-scale item from the staging region and add the large-scale item to small-scale items
picked from the order bin 403c. The large-scale items and small-scale items can be placed
together in a single package of a large enough scale or packaged separately and consolidated
into a multi-package order. Since the large-scale items do not fit in the ASRS structure 208,
these consolidated orders bypass the last mile sort area 216 and are sent directly to the shipping
area 213 illustrated in FIG. 2.

[00137] Furthermore, in an embodiment as illustrated in FIG. 16, the last mile sort area
216 comprises a single row of storage racking 257, herein exemplarily referred to as “pallet
racking”, installed in immediate adjacency to the perimeter of the ASRS structure 208 at the
third perimeter side 208c of the ASRS structure 208. The single row of pallet racking 257 is
positioned in close proximity to the pallet racking 212a of the oversized item storage area 212
illustrated in FIG. 6 located at a matching corner of the facility for convenient forklift access
to the pallet racking 257 and 212a of the last mile sort areca 216 and the oversized item storage
area 212 respectively in a localized region of the facility. Multiple levels of the pallet racking
257 are occupied by pallets 258 having respective gaylords 259 thereon, whereby the pallet
racking 257 delimits larger storage spaces than the smaller storage locations inside the ASRS
structure 208 and the gaylords 259 denote large multi-order shipment-consolidation containers
that do not fit within the ASRS structure 208. The last mile sort area 216 is served from inside
the ASRS structure 208 by a fleet of robotic package-handling vehicles 1700 illustrated in FIG.
17, that share some common locomotion componentry with the robotic storage/retrieval
vehicles (RSRVs) 406 illustrated in FIGS. 5A-5B to allow a similar two-dimensional horizontal
travel on the gridded upper track layout 401 and the gridded lower track layout 402 of the three-
dimensional (3D) gridded storage structure 400 that constitutes the ASRS structure 208, and a
third-dimensional vertical travel through the upright shafts 405 of the 3D gridded storage
structure 400. The robotic package-handling vehicles 1700 are operable to compile packaged
orders into the gaylords 259 at the last mile sort area 216.
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[00138] FIG. 17 illustrates a perspective view of a robotic package-handling vehicle
1700 used in the order fulfillment system 200 illustrated in FIGS. 2-3, for delivering packaged
orders 1501 illustrated in FIGS. 15A-15B and FIGS. 15D-15E, to shipment-consolidation
containers, for example, gaylords 259 stored proximal to the ASRS structure 208 in the last
mile sort arca 216 illustrated in FIG. 16, according to an embodiment herein. The robotic
package-handling vehicles 1700 differ in some aspects from the RSRVs 406 in their ability to
handle packaged orders 1501 of varying shape and size rather than uniformly sized and shaped
storage bins 403 illustrated in FIGS. 5A-5B including the unprocessed storage bins 403a, the
inventory storage bins 403b, and the order 403c¢ illustrated in FIGS. 10A-10C and FIGS. 12-
13. The robotic package-handling vehicle 1700 is navigable within the ASRS structure 208 and
operable to receive packaged orders 1501 containing ordered items fulfilled from the ASRS
structure 208. In an embodiment as illustrated in FIG. 17, the robotic package-handling vehicle
1700 comprises a wheeled chassis 1701 similar to the wheeled chassis 410 disclosed above for
the RSRVs 406. The wheeled chassis 1701 is operable to perform locomotion of the robotic
package-handling vehicle 1700 through the ASRS structure 208. The wheeled chassis 1701 is
navigable in three dimensions of the ASRS structure 208. The wheeled chassis 1701 comprises
wheel units 1702 configured to be shifted up and down relative to one another and adjusted
horizontally inboard and outboard to allow travel in both horizontal directions on the gridded
upper track layout 401 and the gridded lower track layout 402 of the three-dimensional (3D)
gridded storage structure 400 illustrated in FIG. 4 that constitutes the ASRS structure 208, and
transition into a vertical travel through the upright shafts 405 of the 3D gridded storage
structure 400.

[00139] Instead of the turret-equipped upper support platform 412 in the RSRV 406
disclosed in the detailed descriptions of FIGS. 5A-5B, for loading and offloading of uniformly
sized and shaped storage bins 403 of compatible size and configuration, the robotic package-
handling vehicle 1700 is configured as a conveyor-equipped robotic vehicle comprising a
conveyor unit 1703 rotatably mounted atop the wheeled chassis 1701 for movement relative to
the wheeled chassis 1701 about an upright axis 1705 running centrally and vertically
perpendicular of the wheeled chassis 1701, to re-orient the conveyor unit 1703 into multiple
different working positions operable to offload the packaged orders 1501 in different directions
from the robotic package-handling vehicle 1700 to the shipment-consolidation containers. The
rotatable mounting of the conveyor unit 1703 atop the wheeled chassis 1701 allows rotation of
the conveyor unit 1703 about the upright axis 1705. The conveyor unit 1703 is operable to
receive the packaged orders 1501 and offload the packaged orders 1501 to the shipment-
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consolidation containers. The conveyor unit 1703 comprises a belt conveyor 1704 operably
installed on a frame of the conveyor unit 1703 that is rotatable about the upright axis 1705, for
example, by a rotational drive such as an electric motor mounted on the wheeled chassis 1701.
The belt conveyor 1704 is operable to receive the packaged orders 1501 and offload the
packaged orders 1501 to the shipment-consolidation containers. In an embodiment, the belt
conveyor 1704 is operable in two opposing directions to allow loading and unloading of
packaged orders 1501 from either of its two opposing ends 1704a, 1704b. In such instances,
the conveyor unit 1703 is rotatable about the upright axis 1705 between at least two working
positions of ninety degree increment to one another about the upright axis 1705, which due to
the operability of the belt conveyor 1704 in opposing directions, is sufficient to enable loading
and unloading of packaged orders 1501 onto and off of the robotic package-handling vehicle
1700 at all four sides thereof. Rather than limiting rotation of the conveyor unit 1703 to a
ninety-degree range between two working positions, in an embodiment, the conveyor unit 1703
is configured to rotate through a range of at least 270-degrees, and optionally a full 360-
degrees, to allow rotation between four different working positions of ninety-degree intervals
to one another about the upright axis 1705, regardless of whether the belt conveyor 1704 is
operable in only one or both directions.

[00140] FIG. 18 illustrates an enlarged, partial perspective view of an intake zone 260
of the last mile sort area 216 of the order fulfillment system 200 illustrated in FIG. 6, to which
packaged orders 1501 from the packing area 210 are conveyed for pickup by the robotic
package-handling vehicle 1700 shown in FIG. 17, according to an embodiment herein. In an
embodiment as illustrated in FIG. 18, the intake zone 260 of the last mile sort arca 216 is
positioned outside the pallet racking 257 of the last mile sort area 216 just beyond an end 216a
thereof nearest the consolidation area 217 and the packing area 210 illustrated in FIG. 16. The
intake zone 260 comprises at least one, and in an optional embodiment, multiple intake
openings 261 in the otherwise substantially cladded exterior of the ASRS structure 208 at the
lower track level 400a thereof. The package transport conveyor 247 from the packing area 210
reaches each of the intake openings 261, and comprises a ninety-degree transfer in front of each
intake opening 261 to allow a selective redirection of an arriving packaged order 1501 from
the packing area 210 into any of the intake openings 261. Inside the three-dimensional (3D)
gridded storage structure 400 that constitutes the ASRS structure 208, a robotic package-
handling vehicle 1700 parks at a pick-up spot adjacent to one of the intake openings 261 to
receive an arriving packaged order 1501 onto the belt conveyor 1704 of the robotic package-

handling vehicle 1700 illustrated in FIG. 17. In an embodiment, the pick-up spot is elevated
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upwardly off the gridded lower track layout 402 of the 3D gridded storage structure 400
depending on the height of the package transport conveyor 247, and therefore, may require
climbing of the robotic package-handling vehicle 1700 part-way up an outer shaft of the ASRS
structure 208, in which case another robotic package-handling vehicle 1700 may queue up for
the pick-up spot at an underlying spot on the gridded lower track layout 402.

[00141] FIG. 19 illustrates an enlarged, partial perspective view, showing deposit of a
packaged order 1501 into a shipment-consolidation container, for example, a gaylord 259, in
the last mile sort area 216 shown in FIG. 18, by the robotic package-handling vehicle 1700
shown in FIG. 17, according to an embodiment herein. For each vertical column 1901 of pallet-
mounted gaylords 259 in the pallet racking 257 of the last mile sort area 216, the ASRS
structure 208 comprises at least one outer shaft 208f that aligns with the gaylords 259 in that
vertical column 1901 at the outer perimeter of the ASRS structure 208. In an embodiment as
illustrated in FIG. 19, each gaylord 259 has a width approximately equal to two spots of the
ASRS structure 208, and the pallet racking 257 is laid out such that each gaylord 259 thus
aligns with two open shafts at the exterior of the ASRS structure 208. To deliver the packaged
order 1501 to a particular gaylord 259, the robotic package-handling vehicle 1700 continues
up the outer shaft 208f of the ASRS structure 208 in which the packaged order 1501 was picked
to the gridded upper track layout 401, where the robotic package-handling vehicle 1700 then
travels horizontally to one of the outer shafts 208f that aligns with the gaylord 259, and rides
down this outer shaft 208f to an elevation slightly exceeding the open top of the gaylord 259,
but residing below any next level of the pallet racking 257 that resides above the given gaylord
259. The robotic package-handling vehicle 1700, with its rotatable conveyor unit 1703 in an
appropriate position pointing an end of the conveyor unit 1703 toward the pallet racking 257
and the gaylord 259 seated therein, advances its belt conveyor 1704 in that direction, thereby
gjecting the packaged order 1501 into the targeted gaylord 259. The robotic package-handling
vehicle 1700 then continues down the outer shaft 208f of the ASRS structure 208 to the gridded
lower track layout 402 thereof back to the intake zone 260 of the last mile sort area 216 to pick
up the next packaged order 1501 as illustrated in FIG. 18.

[00142] An example of the offloading of a packaged order 1501 into a gaylord 259 is
illustrated in FIG. 19, where the robotic package-handling vehicle 1700 has climbed to the
gridded upper track layout 401 of the three-dimensional (3D) gridded storage structure 400
through one of the shafts 208f thereof after having picked up the packaged order 1501 from the
package transport conveyor 247 at the intake zone 260 of the last mile sort area 216. As
illustrated in FIG. 19, the robotic package-handling vehicle 1700 operates its belt conveyor
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1704 towards a gaylord 259 that is stored in the top level of the pallet racking 257 so that the
open top of the gaylord 259 resides a short distance below the height at which the robotic
package-handling vehicle 1700 rides on the gridded upper track layout 401 of the 3D gridded
storage structure 400. Gaylords 259 in the lower levels of the pallet racking 257 are similarly
accessible from outer shafts of the ASRS structure 208, where the robotic package-handling
vehicle 1700 stops at the appropriate elevation in the outer shaft 208f during descent from the
gridded upper track layout 401 to eject the packaged order 1501 into the targeted gaylord 259.

[00143] The computerized control system (CCS) 265 illustrated in FIG. 30, in which
orders are managed, assigns fulfilled orders of a matching or geographically similar
destination, for example, based on a zip code or a postal code, to the same gaylord 259 in the
last mile sort area 216, whereby such geographically related orders are compiled by the fleet
of robotic package-handling vehicles 1700 into the same gaylord 259. In an embodiment, the
shipping labels of the packaged orders 1501 are scanned at their arrival at the intake zone 260
of the last mile sort area 216, or during the conveyed transfer of the packaged orders 1501 to
the last mile sort area 216 from the packing area 210, to determine the destination information
used to determine to which gaylord 259 to deliver to the packaged order 1501. Once a gaylord
259 is filled, or once an arrival of an outbound transport service or carrier vehicle 214 illustrated
in FIG. 2 has occurred or is imminent, the gaylord 259 with the compiled orders is retrieved
from the pallet racking 257 of the last mile sort area 216, for example, by forklift, and
transferred to the shipping area 213 illustrated in FIG. 2 for pickup by the outbound transport
service or carrier vehicle 214.

[00144] In the embodiment illustrated in FIG. 16 and FIGS. 18-19, where the last mile
sort area 216 comprises only one row of pallet racking 257 on the same side of the ASRS
structure 208 at which the intake zone 260 of the last mile sort arca 216 resides, rotation of the
conveyor unit 1703 on the robotic package-handling vehicle 1700 is not necessary, provided
that its belt conveyor 1704 is rotatable in both directions to allow loading of the packaged order
1501 onto the robotic package-handling vehicle 1700 at the pick-up spot and offloading of the
packaged order 1501 into the gaylord 259. In other embodiments, the pallet racking 257 of the
last mile sort area 216 is additionally or alternatively positioned at another location, for
example, the fourth perimeter side 208d of the ASRS structure 208 illustrated in FIG. 6, in
which case the rotation of the conveyor unit 1703 on the robotic package-handling vehicle 1700
between different working positions is required to accommodate different loading and
unloading directions relative to the wheeled chassis 1701 of the robotic package-handling

vehicle 1700 whose orientation in the ASRS structure 208 does not change. In an embodiment,
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the addition of pallet racking 257 of the last mile sort area 216 on the fourth perimeter side
208d of the ASRS structure 208 creates an L-shaped layout for the last mile sort area 216 where
pallet racking 257 on two adjacent perimeter sides 208¢ and 208d span outward from a comer
at which these two perimeter sides 208¢ and 208d of the ASRS structure 208 meet. In another
embodiment, an E-shaped layout for the last mile sort area 216 is employed, where one or more
rows of pallet racking 257 penetrate into the ASRS structure 208.

[00145] Furthermore, robotic package-handling vehicles 1700 with rotatable conveyor
units 1703 are also used elsewhere in the ASRS structure 208 for other beneficial purposes, for
example, to similarly pickup loose, that is, unbinned individual inventory-ready items at
perimeter-adjacent spots of the gridded lower track layout 402 of the three-dimensional (3D)
gridded storage structure 400 that constitutes the ASRS structure 208, and deliver and load
such loose items into inventory storage bins 403b illustrated in FIG. 10A, already stored in the
ASRS structure 208 by similarly ejecting the items from the belt conveyor 1704 of the robotic
package-handling vehicle 1700 into an open-topped inventory storage bin 403b from a
neighboring shaft of the ASRS structure 208. Rotation of the conveyor unit 1703 into different
working positions facing different directions, therefore, enables offloading of loose inventory
items into an inventory storage bin 403b on any side of any shaft of the ASRS structure 208.
This embodiment also demonstrates having the robotic package-handling vehicles 1700
operating in the same ASRS structure 208 as the robotic storage/retrieval vehicles (RSRVs)
406 that handle the storage bins 403 illustrated in FIGS. 5A-5B. In other embodiments, if the
robotic package-handling vehicles 1700 are configured solely for use in the last mile sort area
216, then the track rails and rack-toothed frame members, by which the robotic package-
handling vehicles 1700 travel to the racking-adjacent locations at which the robotic package-
handling vehicles 1700 eject the packaged orders 1501 into the gaylords 259, need not be
interconnected with, or be a part of, the ASRS structure 208. In the embodiments disclosed
herein, using the same type of structural componentry between the ASRS structure 208 and the
vehicle-navigated structure of the last mile sort area 216 and accordingly using an identical
robot locomotive chassis design among the two categories of robotic vehicles 406 and 1700
are cost-effective.

[00146] FIG. 20 illustrates a top isometric view showing an alternative aisle-based
configuration of the last mile sort area 216, in which the robotic package-handling vehicles
1700 access the shipment-consolidation containers, for example, gaylords 259 on a navigation
structure 262 positioned outside the ASRS structure 208, according to an embodiment herein.

In an embodiment where the vehicle-navigated structure 262 of the last mile sort area 216 is
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not the same as the ASRS structure 208 in which the storage bins 403 are stored, a larger multi-
row last mile sort area 216 is employed as illustrated in FIG. 20, in which multiple rows of
pallet racking 257a, 257b arc arranged in aisle-accessed format. In an embodiment, the
navigation structure 262 is constructed of componentry that matches that of the ASRS structure
208. In the embodiment illustrated in FIG. 20, two rows of pallet racking 257a, 257b are
positioned back-to-back with one another. Furthermore, a narrow, elongated grid structure 262
is positioned between the pallet racking 257a, 257b and is assembled from the same horizontal
rail 407, 408 and rack-toothed vertical frame members 409 of the three-dimensional (3D)
gridded storage structure 400 illustrated in FIG. 4 that constitutes the ASRS structure 208. In
an embodiment, the narrow, elongated grid structure 262 is only one or two spots wide and
lacks any shelving since the narrow, elongated grid structure 262 is not used to store any storage
bins 403 as illustrated in FIG. 4. In an embodiment, the narrow, elongated grid structure 262 is
used to allow the robotic package-handling vehicles 1700 to access any gaylord storage space
in the two back-to-back rows of pallet racking 257a, 257b. As illustrated in FIG. 20, an open
aisle space 263 is left between each of these two rows of pallet racking 257a, 257b and a
respective neighboring row of pallet racking 257¢, 257d faced thereby. The narrow, elongated
grid structures 262 on opposite sides of any aisle 263 are linked together by an upper track 264
and/or a lower track to enable each robotic package-handling vehicle 1700 to access any row
of pallet racking 257a, 257b, 257¢, 257d in the aisled last mile sort area 216.

[00147] The illustrated embodiments representing a facility layout of the order
fulfillment system 200 disclosed herein comprise the different services areas, for example, the
decanting/induction area 204, the VAS and returns area 205, the picking area 209, the packing
area 210, the last mile sort area 216, etc., illustrated in FIG. 6, positioned at ground level for
service thereof from the gridded lower track layout 402 of the 3D gridded storage structure
400. In other embodiments, the facility layout of the order fulfillment system 200 comprises
some or all of the service areas connected to the gridded upper track layout 401. In other
embodiment, the order fulfillment system 200 incorporates intermediate track layouts at other
service levels within the ASRS structure 208. These intermediate track layouts have some or
all of the service areas connected thereto. In the order fulfillment system 200 disclosed herein,
using the robotic storage/retrieval vehicles (RSRVs) 406 illustrated in FIGS. SA-5B to perform
all delivery of storage bins 403 to and from all of the service areas is accomplished regardless
of which particular level of the ASRS structure 208 the various service areas are served at by
the RSRVs 406. This use of the RSRVs 406 for all inter-area bin transfers enables space

efficient omission of some or all of the long-range inter-area conveyors used in conventional
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layouts and performs all inter-area bin transfers within the two-dimensional footprint of the
ASRS structure 208.

[00148] Space and service efficiency is further obtained in instances where the ASRS
structure 208 and the associated fleet of RSRVs 406 are not specifically the type disclosed in
Applicant’s prior patent applications cited above and illustrated in FIG. 4 and FIGS. 5A-5B.
For example, space and service efficiency is garnered in an aisle-based storage array employing
floor-riding RSRVs that navigate the two-dimensional footprint of the ASRS structure 208 at
a ground level beneath overhead storage aisles, where those RSRVs can also climb the ASRS
structure 208 to retrieve and deposit the storage bins or are served by separate elevators. The
use of the RSRVs 406 for inter-area bin transfer is also employed in a stack-and-dig ASRS
structure in which storage bins are stacked atop one another and accessed in a digging manner
from an overhead gridded track on which elevator-equipped storage/retrieval vehicles travel in
two dimensions. The use of the particular ASRS structure 208 disclosed herein in the
embodiments illustrated in FIGS. 2-4 provides significant storage density and instant continual
access to any storage location by shaft-traversing RSRVs 406, over aisle-based storage arrays
and stack-and-dig storage arrays.

[00149] FIG. 21 illustrates a flowchart of a method for fulfilling orders using the order
fulfillment system disclosed above, according to an embodiment herein. In the method
disclosed herein, inbound items are received 2101 at a facility comprising the automated
storage and retrieval system (ASRS) structure and a fleet of robotic storage/retrieval vehicles
(RSRVs) as disclosed in the detailed descriptions of FIGS. 2-20. At one or more decanting
workstations, the inbound items are placed 2102 into unprocessed storage bins in an originally
received condition and the unprocessed storage bins are inducted into the ASRS structure on
the RSRVs. One or more of the unprocessed storage bins are carried 2103 to one or more
processing workstations, for example, the value-added service (VAS) and returns-handling
workstations, using the RSRVs. Processing steps are performed at the processing
workstation(s) to transform the inbound items into saleable inventory items ready for order
fulfillment. From the processing workstation(s), the saleable inventory items are inducted 2104
into the ASRS structure in inventory storage bins carried on the RSRVs. At least one of the
inventory storage bins is carried 2105 to a picking workstation using the RSRVs. At the picking
workstation, one or more of the saleable inventory items are picked 2106 from the inventory
storage bins and transferred to an order bin to form an at least partially fulfilled order. From
the picking workstation, the partially fulfilled order is inducted 2107 into the ASRS structure

on one of the RSRVs. In an embodiment, using the same or different RSRV, the order bin is
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carried to a packing workstation where a complete order with the partially fulfilled order is
packaged for shipping.

[00150] In an embodiment, the partially fulfilled order is transferred from the packing
workstation to a last mile sort area. At the last mile sort area, a robotic package-handling vehicle
of a locomotive design matching that of the RSRVs is used to carry the partially fulfilled order
through the last mile sort area on a navigation structure of componentry matching that of the
ASRS structure. Through navigation of the robotic package-handling vehicle on the navigation
structure, the partially fulfilled order is carried to a shipment-consolidation container, for
example, a gaylord box, and deposited into the shipment-consolidation container for
consolidation with other orders awaiting shipment. The navigation structure of the last mile
sort area is operably coupled to the ASRS structure in which the RSRVs are navigable, whereby
the robotic package-handling vehicle is navigable within the ASRS structure.

[00151] FIG. 22 illustrates a flowchart of a method for executing an induction process
in the order fulfillment system, according to an embodiment herein. Consider an example
where a case or a tote is unloaded 2201 from inbound loading docks into a facility employing
the order fulfillment system disclosed above. The computerized control system (CCS) of the
order fulfillment system transmits instructions or a notification to a worker, for example, a
human worker or a robotic worker, or in an embodiment, a robotic vehicle to place 2202 the
case/tote onto the intake conveyor at the receiving area of the facility as illustrated in FIGS. 2-
3 and FIGS. 6-7. In an embodiment, the CCS employs a human-machine interface (HMI)
comprising a display screen for displaying instructions to the human worker. The intake
conveyor conveys 2203 the case/tote to an available induction workstation of the induction
area. The CCS transmits instructions or a notification to a worker, for example, a human worker
or a robotic worker, to scan 2204 a label positioned on the case/tote. On scanning the label of
the case/tote, the CCS receives 2206 a license plate number 2205 of the case/tote to determine
contents of the case/tote and their processing properties. The CCS assigns 2207 the contents of
the case/tote to an available storage bin. The CCS determines 2208 whether the case/tote
requires value-added service (VAS) processing. If the case/tote comprises new inventory items
or pieces or eaches that require VAS processing, the CCS flags 2209 the storage bin as an
unprocessed storage bin into which the new inventory items are loaded. If the inventory items
in the case/tote do not require VAS processing, the CCS determines 2210 whether the case/tote
is a return tote containing customer returns. If the case/tote is a return tote, the CCS flags 2211
the storage bin as a returns bin into which the customer returns are loaded. If the case/tote is

not a return tote, the CCS flags 2212 the storage bin as a processed storage bin into which the
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already processed inventory items are loaded. At step 2213, the CCS transmits instructions or
a notification to a worker to scan the items within the case/tote, place the scanned items in the
assigned storage bin, and confirm completion of induction of the case/tote. The CCS then
activates a robotic vehicle, for example, one of the robotic storage/retrieval vehicles (RSRVs)
disclosed above to store 2214 the assigned storage bin within the automated storage and
retrieval system (ASRS) structure of the order fulfillment system. The induction process ends
2215 when the robotic vehicle stores the assigned storage bin within the ASRS structure.

[00152] FIG. 23 illustrates a flowchart of a method for executing a value-added service
(VAS) process in the order fulfillment system, according to an embodiment herein. Consider
an example where inventory items that need 2301 VAS processing are loaded into the
unprocessed storage or stock keeping unit (SKU) bins. The computerized control system (CCS)
instructs and activates 2302 robotic vehicles, for example, robotic storage/retrieval vehicles
(RSRVs), to retrieve an unprocessed storage bin and an empty storage bin from the automated
storage and retrieval system (ASRS) structure of the order fulfillment system. A first robotic
vehicle retrieves 2303 an unprocessed storage bin from the ASRS structure and presents the
unprocessed storage bin to a pick port or a picking access port of the VAS workstation of the
VAS and returns area. A second robotic vehicle retrieves 2304 an empty bin from the ASRS
structure and presents the empty bin to a put port or a placement access port of the VAS
workstation. The CCS instructs a worker, for example, a human worker via a human-machine
interface (HMI) at the VAS workstation or a robotic worker, to perform 2305 value-added
services, for example, re-packaging, labeling, price tagging, security tagging, etc., on the
contents of the unprocessed storage bin and place the contents in the empty storage bin at the
put port of the VAS workstation. The first robotic vehicle stores 2306 the now empty
unprocessed storage bin in the ASRS structure, while the second robotic vehicle stores 2307
the now processed storage bin in the ASRS structure. The VAS process ends 2308 when the
first robotic vehicle and the second robotic vehicle store the now empty unprocessed storage
bin and the now processed storage bin respectively in the ASRS structure.

[00153] FIGS. 24A-24B illustrate a flowchart of a method for executing a returns
handling process in the order fulfillment system, according to an embodiment herein. Consider
an example where a returns bin requires processing 2401. The computerized control system
(CCS) instructs and activates 2402 a first robotic vehicle, for example, a robotic
storage/retrieval vehicle (RSRV), to retrieve the returns bin. The first robotic vehicle retrieves
2403 the returns bin from the automated storage and retrieval system (ASRS) structure and

presents the returns bin to the pick port or the picking access port of the returns handling
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workstation of the VAS and returns arca. The CCS instructs a worker, for example, a human
worker or a robotic worker, to pick and scan 2404 a returned item from the pick port. The CCS
instructs and activates 2405 a second robotic vehicle, for example, an RSRV, to retrieve the
required processed storage or stock keeping unit (SKU) bin from the ASRS structure. The
second robotic vehicle retrieves 2406 a multi-compartment storage bin, also referred to as a
“multi-SKU bin” from the ASRS structure and presents the multi-SKU bin to the put port or
the placement access port of the returns-handling workstation. The worker inspects 2407 the
returned item and determines 2408 whether the returned item is acceptable. If the returned item
is not acceptable, the CCS instructs the worker to process and place 2409 the returned item in
a rejection tote. If the returned item is acceptable, the CCS instructs the worker to process and
place 2410 the returned item in the processed storage bin at the put port. The second robotic
vehicle stores 2411 the processed storage bin in the ASRS structure. The CCS determines 2412
whether there are more returned items to process. If there are more returned items to process,
the steps 2404 to 2412 disclosed above are repeated. If there are no more returned items to
process, the first robotic vehicle, in communication with the CCS, stores 2413 the empty
storage bin in the ASRS structure. The returns handling process ends 2414 when the returns
bin is processed and stored in the ASRS structure.

[00154] FIG. 25 illustrates a flowchart of a method for executing a picking process in
the order fulfillment system, according to an embodiment herein. Consider an example where
sortable customer orders are released for processing 2501. The computerized control system
(CCS) assigns 2502 a batch of customer orders to a picking workstation of the picking area.
The CCS assigns 2503 an order bin of an appropriate size for the batch of customer orders,
assigns each customer order to a compartment in the order bin, and allocates individual orders
to the compartment. The CCS instructs 2504 a robotic vehicle, for example, a robotic
storage/retrieval vehicle (RSRV), to retrieve and bring an order bin to a put port or a placement
access port of the picking workstation. The CCS instructs 2505 the robotic vehicle to retrieve
the processed storage or stock keeping unit (SKU) bin for a line item of each customer order.
The robotic vehicle retrieves 2506 the processed storage bin from the automated storage and
retrieval system (ASRS) structure and presents the processed storage bin to the pick port of the
picking workstation. The CCS instructs 2507 a worker, for example, a human worker via a
human-machine interface, or a robotic worker, to pick all the required items from the processed
storage bin and place the picked items in an assigned compartment of the order bin. The robotic
vehicle stores 2508 the processed storage bin in the ASRS structure. The CCS determines 2509

whether more items are required for the customer orders. If more items are required for the
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customer orders, steps 2504-2508 disclosed above are repeated. If more items are required for
the customer orders, the CCS instructs 2507 the worker to confirm 2510 completion of all
customer orders. The CCS closes 2511 the picking task and instructs the robotic vehicle to exit
the picking workstation. The picking process ends 2512 after the customer orders are picked.

[00155] FIG. 26 illustrates a flowchart of a method for executing a packing process in
the order fulfillment system, according to an embodiment herein. Consider an example where
customer orders in an order bin are ready for packing 2601. The computerized control system
(CCS) assigns 2602 an order bin to a packing workstation of the packing area. The CCS
instructs and activates 2603 a robotic vehicle, for example, a robotic storage/retrieval vehicle
(RSRYV), to transport the order bin to the packing transport conveyor. The robotic vehicle
transports 2604 the order bin to the packing transport conveyor. The packing transport
conveyor presents 2605 the order bin at an assigned packing workstation. The CCS instructs a
worker, for example, a human worker via a human-machine interface, or a robotic worker, to
select 2606 a compartment of the order bin. The worker erects 2607 a parcel box, packs the
order, places a shipping label on the parcel box, and places the parcel box on an outbound
conveyor or a package feeding conveyor. The CCS determines 2608 whether there are more
orders to pack. If there are more orders to pack, the steps 2606 and 2607 disclosed above are
repeated. If there are no more orders to pack, the robotic vehicle stores 2609 the empty order
bin in the automated storage and retrieval system (ASRS) structure. The packing process ends
2610 after the customer orders are packed.

[00156] FIG. 27 illustrates a flowchart of a method for executing a last mile sortation
process in the order fulfillment system, according to an embodiment herein. Consider an
example where a customer order is parcel-ready for a last mile sort operation 2701. The
outbound conveyor or the package feeding conveyor conveys 2702 the parcel to the intake zone
of the last mile sort arca. The computerized control system (CCS) instructs a worker, for
example, a human worker or a robotic worker, to scan 2703 the shipping label of the parcel.
The CCS instructs 2704 a robotic vehicle, for example, a robotic storage/retrieval vehicle
(RSRYV), to load and transport the parcel to a designated gaylord. The robotic vehicle transports
2705 the parcel to the designated gaylord and deposits the parcel into the gaylord. The last mile
sortation process ends 2706 when the customer order in the parcel is sorted by a carrier or a zip
code and ready for pickup by the carrier.

[00157] FIG. 28 illustrates a flowchart of a method for executing an oversized item
picking process in the order fulfillment system, according to an embodiment herein. Consider

an example where an oversized item customer order is released for processing 2801. The
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computerized control system (CCS) assigns 2802 a manual picker to pick order line items. The
manual picker picks 2803 the order line items in the oversized item storage area and transports
the order line items to the consolidated arca. The manual picker then places 2804 the oversized
line items in a put wall location and assigns the order to the put wall location. The oversized
item picking process ends 2805 when the oversized item customer orders are picked.

[00158] FIGS. 29A-29B illustrate a flowchart of a method for executing an oversized
item packing process in the order fulfillment system, according to an embodiment herein.
Consider an example where an oversized item of a customer order is placed in the put wall
location 2901. The computerized control system (CCS) determines 2902 whether the customer
order contains sortable items. If the customer order contains sortable items, the CCS instructs
2903 a robotic vehicle, for example, a robotic storage/retrieval vehicle (RSRV) to transport an
order bin to a consolidation packing conveyor. The robotic vehicle transports 2904 the order
bin to the consolidation packing conveyor. The consolidation packing conveyor presents 2905
the order bin to the assigned consolidated-packing workstation at the consolidation area. The
CCS notifies 2906 a worker that the oversized item customer order is ready for packing. The
CCS notifies 2907 the worker to consolidate the oversized and sortable order items. The worker
consolidates 2908 the oversized and sortable items in the customer order. If customer order
does not contain sortable items, the CCS notifies 2909 the worker that the oversized item order
is ready for packing. After the step 2908 or 2909, the worker erects 2910 a parcel box, packs
the customer order, places a shipping label on the parcel box, and places the parcel box on an
outbound pallet. The CCS determines 2911 whether there are more customer orders with
sortable items to pack. If there are more customer orders with sortable items to pack, the steps
2906 to 2910 disclosed above are repeated. If there are no more customer orders with sortable
items to pack, the robotic vehicle stores 2912 the empty order bin in the automated storage and
retrieval system (ASRS) structure. The oversized item packing process ends 2913 when the
customer orders are packed.

[00159] FIG. 30 illustrates an architectural block diagram of the order fulfillment system
200 for executing an order fulfillment workflow between different service areas, according to
an embodiment herein. In an embodiment, the computerized control system (CCS) 265 of the
order fulfillment system 200 is in operable communication with the automated storage and
retrieval system (ASRS) 208; a fleet of robotic vehicles, for example, the robotic
storage/retrieval vehicles (RSRVs) 406 and the robotic package-handling vehicles 1700;
multiple workstations, for example, decanting/induction workstations 221, the value-added

service (VAS) workstations 206, the returmns-handling workstations 207, the picking
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workstations 240, the packing workstations 245, and the consolidated-packing workstations
255 illustrated in FIG. 7, FIG. 9, FIG. 11, FIG. 14, and FIG. 16 of the different service areas;
and multiple conveyors 203, 211, 218, 238, 239, 248, and 250 illustrated in FIGS. 2-3, FIG. 7,
FIGS. 10B-10C, and FIG. 15A. One or more of the workstations comprise human-machine
interfaces (HMIs) with display screens 901 and a light guidance system, for example, the put-
to-light guidance system 232 illustrated in FIG. 10A and the pick-to-light guidance system 253
illustrated in FIG. 15B.

[00160] The CCS 265 comprises a network interface 268 coupled to a communication
network and at least one processor 266 coupled to the network interface 268. As used herein,
“communication network™ refers, for example, to one of the internet, a wireless network, a
communication network that implements Bluetooth® of Bluetooth Sig, Inc., a network that
implements Wi-Fi® of Wi-Fi Alliance Corporation, an ultra-wideband (UWB) communication
network, a wireless universal serial bus (USB) communication network, a communication
network that implements ZigBee® of ZigBee Alliance Corporation, a general packet radio
service (GPRS) network, a mobile telecommunication network such as a global system for
mobile (GSM) communications network, a code division multiple access (CDMA) network, a
third generation (3G) mobile communication network, a fourth generation (4G) mobile
communication network, a fifth generation (5G) mobile communication network, a long-term
evolution (LTE) mobile communication network, a public telephone network, etc., a local area
network, a wide area network, an internet connection network, an infrared communication
network, etc., or a network formed from any combination of these networks. The network
interface 268 enables connection of the CCS 265 to the communication network. In an
embodiment, the network interface 268 is provided as an interface card also referred to as a
line card. The network interface 268 is, for example, one or more of infrared interfaces,
interfaces implementing Wi-Fi® of Wi-Fi Alliance Corporation, universal serial bus interfaces,
FireWire® interfaces of Apple Inc., Etheret interfaces, frame relay interfaces, cable interfaces,
digital subscriber line interfaces, token ring interfaces, peripheral controller interconnect
interfaces, local area network interfaces, wide area network interfaces, interfaces using serial
protocols, interfaces using parallel protocols, Ethernet communication interfaces,
asynchronous transfer mode interfaces, high speed serial interfaces, fiber distributed data
interfaces, interfaces based on transmission control protocol/internet protocol, interfaces based
on wireless communications technology such as satellite technology, radio frequency

technology, near field communication, etc.
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[00161] In an embodiment, the CCS 265 is a computer system that is programmable
using high-level computer programming languages. The CCS 265 is implemented using
programmed and purposeful hardware. In the order fulfillment system 200 disclosed herein,
the CCS 265 interfaces with the ASRS structure 208, the robotic vehicles 406/1700, and the
workstations 206, 207, 221, 240, 245, and 255, and therefore more than one specifically
programmed computing system is used for fulfilling orders. The CCS 265 further comprises a
non-transitory, computer-readable storage medium, for example, a memory unit 270
communicatively coupled to the processor(s) 266. As used herein, “non-transitory, computer-
readable storage medium”™ refers to all computer-readable media, for example, non-volatile
media and volatile media, except for a transitory, propagating signal. Non-volatile media
comprise, for example, solid state drives, optical discs or magnetic disks, flash memory cards,
a read-only memory (ROM), etc. Volatile media comprise, for example, a register memory, a
processor cache, a random-access memory (RAM), etc.

[00162] The processor 266 refers to any one or more microprocessors, central processing
unit (CPU) devices, finite state machines, computers, microcontrollers, digital signal
processors, logic, a logic device, an application specific integrated circuit (ASIC), a field-
programmable gate array (FPGA), a chip, etc, or any combination thereof, capable of
executing computer programs or a series of commands, instructions, or state transitions. In an
embodiment, the processor 266 is implemented as a processor set comprising, for example, a
programmed microprocessor and a math or graphics co-processor. The CCS 265 is not limited
to employing the processor 266. In an embodiment, the CCS 265 employs controllers or
microcontrollers. The processor 266 executes the modules, for example, 270a-270e of the CCS
265.

[00163] The memory unit 270 is used for storing program instructions, applications, and
data. The memory unit 270 stores computer program instructions defined by modules, for
example, 270a-270d of the CCS 265. The memory unit 270 is operably and communicatively
coupled to the processor 266 for executing the computer program instructions defined by the
modules, for example, 270a-270¢ of the CCS 265 for fulfilling orders. The memory unit 270
is, for example, a random-access memory (RAM) or another type of dynamic storage device
that stores information and instructions for execution by the processor 266. The memory unit
270 also stores temporary variables and other intermediate information used during execution
of the instructions by the processor 266. In an embodiment, the CCS 265 further comprises
read only memories (ROMs) or other types of static storage devices that store static information

and instructions for execution by the processor 266. In an embodiment, the modules, for
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example, 270a-270¢ of the CCS 265 are stored in the memory unit 270. The non-transitory,
computer-readable storage medium, for example, the memory unit 270, is configured to store
computer program instructions, which when executed by the processor(s) 266, cause the
processor(s) 266 to activate one or more of the robotic vehicles 406/1700 to one or more of:
(a) navigate within the ASRS structure 208 and/or through each of the different service areas;
(b) retrieve storage bins from the storage locations of the ASRS structure 208; (c) drop off the
storage bins at the different service areas; (d) pick up the storage bins from the different service
areas; and (e) return and store the storage bins to the storage locations of the ASRS structure
208. The CCS 265 is configured to transmit service instructions to a worker, for example, a
human worker or a robotic worker, for performance of one or more service actions on the items
contained in the storage bins.

[00164] As illustrated in FIG. 30, the CCS 265 further comprises a data bus 271, a
display unit 267, and common modules 269. The data bus 271 permits communications
between the modules, for example, 266, 267, 268, 269, and 270 of the CCS 265. The display
unit 267, via a graphical user interface (GUI) 267a, displays information, display interfaces,
user interface elements such as checkboxes, input text fields, etc., for example, for allowing a
user such as a system administrator to trigger an update to digital records for customer orders,
enter inventory information, update database tables, etc., for fulfilling orders. The CCS 265
renders the GUI 267a on the display unit 267 for receiving inputs from the system
administrator. The GUI 267a comprises, for example, an online web interface, a web-based
downloadable application interface, a mobile-based downloadable application interface, etc.
The display unit 267 displays the GUI 267a. The common modules 269 of the CCS 265
comprise, for example, input/output (I/O) controllers, input devices, output devices, fixed
media drives such as hard drives, removable media drives for receiving removable media, etc.
Computer applications and programs are used for operating the CCS 265. The programs are
loaded onto fixed media drives and into the memory unit 270 via the removable media drives.
In an embodiment, the computer applications and programs are loaded into the memory unit
270 directly via the communication network.

[00165] In an exemplary implementation illustrated in FIG. 30, the CCS 265 comprises
a content determination module 270a, a bin assignment module 270b, a robot activation module
270c, an order management module 270d, and a facility database 270e. The content
determination module 270a defines computer program instructions for determining contents of
a case/tote unloaded from inbound loading docks into a facility that employs the order

fulfillment system 200 disclosed herein. The bin assignment module 270b defines computer
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program instructions for assigning the contents of the case/tote to an available storage bin and
flagging the storage bin as an unprocessed storage bin, a returns bin, or a processed storage bin
based on the processing and returns handling requirements. The robot activation module 270¢
activates one or more of the robotic vehicles 406/1700 for performing various storage and
retrieval operations during decanting, induction, valuc-added service (VAS) processing,
returns handling, picking, packing, last mile order sortation, etc., in the different service areas
of the order fulfillment system 200 as disclosed above. The order management module 270d
defines computer program instructions for receiving customer orders, updating order
information and inventory information in the facility database 270e, transmitting service
instructions to workers at the workstations, and executing order fulfillment instructions.

[00166] The processor 266 of the CCS 265 retrieves instructions defined by the content
determination module 270a, the bin assignment module 270b, the robot activation module
270c¢, and the order management module 270d, for performing respective functions disclosed
above. The processor 266 retrieves instructions for executing the modules, for example, 270a-
270d from the memory unit 270. The instructions fetched by the processor 266 from the
memory unit 270 after being processed are decoded. After processing and decoding, the
processor 266 executes their respective instructions, thereby performing one or more processes
defined by those instructions. An operating system of the CCS 265 performs multiple routines
for performing a number of tasks required to assign the input devices, the output devices, and
the memory unit 270 for execution of the modules, for example, 270a-270¢. The tasks
performed by the operating system comprise, for example, assigning memory to the modules,
for example, 270a-270e, etc., and to data used by the CCS 265, moving data between the
memory unit 270 and disk units, and handling input/output operations. The operating system
performs the tasks on request by the operations and after performing the tasks, the operating
system transfers the execution control back to the processor 266. The processor 266 continues
the execution to obtain one or more outputs.

[00167] For purposes of illustration, the detailed description refers to the modules, for
example, 270a-270e, being run locally on a single computer system; however the scope of the
order fulfillment system 200 and the method disclosed herein is not limited to the modules, for
example, 270a-270e, being run locally on a single computer system via the operating system
and the processor 266, but may be extended to run remotely over the communication network
by employing a web browser and a remote server, a mobile phone, or other electronic devices.

In an embodiment, one or more portions of the order fulfillment system 200 disclosed herein
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are distributed across onec or more computer systems (not shown) coupled to the
communication network.

[00168] The non-transitory, computer-readable storage medium disclosed herein stores
computer program instructions executable by the processor 266 for fulfilling customer orders.
The computer program instructions implement the processes of various embodiments disclosed
above and perform additional steps that may be required and contemplated for fulfilling
customer orders. When the computer program instructions are executed by the processor 266,
the computer program instructions cause the processor 266 to perform the steps of the method
for fulfilling customer orders as disclosed above. In an embodiment, a single piece of computer
program code comprising computer program instructions performs one or more steps of the
method disclosed above. The processor 266 retrieves these computer program instructions and
executes them.

[00169] A module, or an engine, or a unit, as used herein, refers to any combination of
hardware, software, and/or firmware. As an example, a module, or an engine, or a unit may
include hardware, such as a microcontroller, associated with a non-transitory, computer-
readable storage medium to store computer program codes adapted to be executed by the
microcontroller. Therefore, references to a module, or an engine, or a unit, in an embodiment,
refer to the hardware that is specifically configured to recognize and/or execute the computer
program codes to be held on a non-transitory, computer-readable storage medium. The
computer program codes comprising computer readable and executable instructions can be
implemented in any programming language, for example, C, C++, C#, Java®, JavaScript®,
Fortran, Ruby, Perl®, Python®, Visual Basic®, hypertext preprocessor (PHP), Microsoft® NET,
Objective-C®, etc. Other object-oriented, functional, scripting, and/or logical programming
languages can also be used. In an embodiment, the computer program codes or software
programs are stored on or in one or more mediums as object code. In another embodiment, the
term “module” or “engine” or “unit” refers to the combination of the microcontroller and the
non-transitory, computer-readable storage medium. Often module or engine or unit boundaries
that are illustrated as separate commonly vary and potentially overlap. For example, a module
or an engine or a unit may share hardware, software, firmware, or a combination thereof, while
potentially retaining some independent hardware, software, or firmware. In various
embodiments, a module or an engine or a unit includes any suitable logic.

[00170] The order fulfillment system disclosed herein uses a standardized storage bin
and one automation solution for all warchouse workflows, thereby allowing all goods/items

and materials for each order fulfillment process to be densely stored and predictably managed
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by a single entity as a single collaborative system with any number of processes. The order
fulfillment system disclosed herein allows all warehouse processes, for example, receiving,
decanting, induction, VAS processing, returns handling, order picking, order packing, and last
mile sortation to be completed by one automated material handling system that does not require
conveyors between different service areas.

[00171] The order fulfillment system disclosed herein allows transport of goods/items
between all warchouse processes, in any sequence, since the lower two-dimensional (2D) grid,
that is, the gridded lower track layout of the three-dimensional (3D) gridded storage structure,
interconnects all the different service arcas of the order fulfillment system. This interconnection
allows any number of processes to be completed in any order and multiple times, if needed for
reworking goods to new value-added standards. This interconnection also allows additional
service areas and processes to be easily and flexibly added as retailer’s fulfillment requirements
change. The lower 2D grid allows direct attachment to purpose-built workstations that perform
all fulfillment center functions comprising, for example, induction/decant, VAS processing,
returns handling, picking, packing, last mile sortation, consolidation, etc. The order fulfillment
system disclosed herein inputs pallets of goods received from manufacturers and outputs pallets
of customer orders in parcels sorted by zip code. The order fulfillment system disclosed herein
provides an automation system that is adaptable to changing conditions easily and flexibly.
Moreover, in the order fulfillment system disclosed herein, the same storage medium, that is,
the ASRS structure can be used by all interconnected processes to buffer any differences in
process flow. This allows maximum flexibility to a warchouse operator and minimizes the
operational sensitivity to outside circumstances since material can be indefinitely stored.
Furthermore, since all service arecas are interconnected and managed by the same fleet of
robotic vehicles, system logic is simplified with no need to physically transfer items from
service area to service area. Consequently, goods do not have to be received and identified, for
example, using a bar code scan, a radio frequency identification (RFID) scan, etc., by each
process to complete the logical transfer of custody between entities, that is, between the
different service areas.

[00172] Furthermore, the order fulfillment system disclosed herein rectifies the problem
of a relatively large footprint provided by conventional automated solutions by integrating
vertical storage above the lower 2D grid used for inter-service area conveyance, which
maximizes storage density and substantially reduces wasted vertical space. As a result, end-to-
end fulfillment solutions are a fraction of the size of conventional solutions and require

substantially less real estate to achieve the same deliverables. This allows retailers to

69



10

15

20

30

WO 2020/229973 PCT/1B2020/054380

consolidate storage within their existing facilities to expand their business, while also allowing
order fulfillment operations to become feasible in smaller in-market facilities closer to
customers.

[00173] The embodiments disclosed above execute a large shift in the way fulfillment is
achieved and is possible due to the virtual conveyor and sortation capabilities of the order
fulfillment system disclosed herein. That is, the lower 2D grid of the ASRS structure allows
the robotic vehicles to convey goods between any peripheral service area attached to the ASRS
structure. The movements of the robotic vehicles on the lower 2D grid are orchestrated by the
computerized control system, which allows storage bins to be presented just-in-time, grouped
by order, and even delivered in specific sequences to peripheral services areas. Without this
capability, solving complex processes with a single integrated automated solution would not
be possible, since conventional ASRS equipment relies on downstream sortation solutions to
deliver goods to service areas at the right time and sequence.

[00174] The result of using one automation system, that is, the order fulfillment system
disclosed herein with integrated service areas for all order fulfillment processes of sortable
goods allows inbound pallets/cases of inventory received from manufacturers and returns
received from retail stores to be immediately inducted into the order fulfillment system. All
sortable goods/items are processed according to business rules of the retailers, and pallets of
packed customer orders sorted by postal code and made ready for pickup by carriers are output
from the order fulfillment system. While the order fulfillment system benefits small, sortable
goods that fit inside of the storage bins, the order fulfillment system also streamlines the
fulfillment and consolidation of oversized goods/items with sortable goods. The methods
disclosed above show that monitoring manual picking processes to trigger order picking of
sortable items allows orders comprised of both classes of goods to be assembled and packed
seamlessly in the same parcel, thereby simplifying operations and lowering shipping costs for
warehouse operators.

[00175] The embodiments disclosed herein are not limited to a particular computer
system platform, processor, operating system, or communication network. One or more of the
embodiments disclosed herein are distributed among one or more computer systems, for
example, servers configured to provide one or more services to one or more client computers,
or to perform a complete task in a distributed system. For example, one or more of
embodiments disclosed herein are performed on a client-server system that comprises
components distributed among one or more server systems that perform multiple functions

according to various embodiments. These components comprise, for example, executable,
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intermediate, or interpreted code, which communicate over a network using a communication
protocol. The embodiments disclosed herein are not limited to be executable on any particular
system or group of systems, and are not limited to any particular distributed architecture,
network, or communication protocol.

[00176] The foregoing examples and illustrative implementations of various
embodiments have been provided merely for explanation and are in no way to be construed as
limiting of the embodiments disclosed herein. While the embodiments have been described
with reference to various illustrative implementations, drawings, and techniques, it is
understood that the words, which have been used herein, are words of description and
illustration, rather than words of limitation. Furthermore, although the embodiments have been
described herein with reference to particular means, materials, techniques, and
implementations, the embodiments herein are not intended to be limited to the particulars
disclosed herein; rather, the embodiments extend to all functionally equivalent structures,
methods and uses, such as are within the scope of the appended claims. It will be understood
by those skilled in the art, having the benefit of the teachings of this specification, that the
embodiments disclosed herein are capable of modifications and other embodiments may be
effected and changes may be made thereto, without departing from the scope and spirit of the

embodiments disclosed herein.
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CLAIMS
What is claimed is:
1. An order fulfillment system, said order fulfillment system comprising:

an automated storage and retrieval system (ASRS) structure, said ASRS
structure comprising a three-dimensional array of storage locations distributed
throughout a two-dimensional footprint of the ASRS structure at a plurality of
storage levels within the ASRS structure;

a fleet of robotic storage/retrieval vehicles navigable within the ASRS structure
by travel in two dimensions over the two-dimensional footprint of the ASRS
structure at service levels of the ASRS structure, wherein the service levels are

positioned above and below the storage levels;

a supply of storage bins of compatible size and shape for storage in the storage
locations of the ASRS structure, wherein the storage bins are configured to be
carried by the robotic storage/retrieval vehicles within the ASRS structure

during transfer of the storage bins to and from the storage locations;

a plurality of different service areas positioned adjacent to an outer perimeter
of the two-dimensional footprint of the ASRS structure at the service levels of
the ASRS structure, wherein each of the different service areas comprises
workstations configured for a plurality of tasks, and wherein each of the different
service areas is configured to receive a drop-off of the storage bins and to
facilitate a travel of the robotic storage/retrieval vehicles carrying the storage

bins therethrough;

wherein the different service areas are configured in a continuous arrangement
around the ASRS structure and the system is configured for the storage bins to
be transferred to and from the storage locations of the ASRS structure and
between the different service areas, free of identification or scanning of the
storage bins, due to the continuous arrangement of the different service areas

around the ASRS structure; and

wherein different perimeter sides of the ASRS structure are each occupied by
a different combination of the workstations such that each perimeter side of the

ASRS structure is dedicated to a particular task or a combination of the tasks
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that differs from the task or the combination of the tasks performed at other

perimeter sides of the ASRS structure.

. The order fulfillment system of claim 1, wherein the storage bins are transportable
between the different service areas in any order.

. The order fulfillment system of claim 1, wherein each of the different service areas
is configured to receive the storage bins a plurality of times for performance of the
plurality of tasks.

. The order fulfillment system of claim 1, wherein the storage bins are received at a
first one of the different service areas for performance of one of the plurality of tasks
and subsequently stored in the storage locations of the ASRS structure and
retrieved from the storage locations of the ASRS structure for the transfer of the
storage bins to a second one of the different service areas.

. The order fulfillment system of claim 1, wherein the different service areas comprise
a decanting area at which inbound items are placed in an originally received
unprocessed condition in unprocessed storage bins selected from the supply of
storage bins, and from which the unprocessed storage bins are inducted into the
ASRS structure.

. The order fulfillment system of claim 5, wherein the decanting area is a combined
decanting and induction area at which the unprocessed storage bins are inducted
directly into the ASRS structure by the robotic storage/retrieval vehicles without

transfer to, past, and through any other of the different service areas.

. The order fulfillment system of claim 6, wherein the different service areas further
comprise a processing area to which the unprocessed storage bins inducted into
the ASRS structure are served by the robotic storage/retrieval vehicles for
processing the inbound items contained in the unprocessed storage bins, and from
which the processed items are returned into the ASRS structure for storage therein

as saleable inventory ready for order fulfillment.

. The order fulfillment system of claim 7, wherein, at the processing area, the
processed items are transferred from the unprocessed storage bins to inventory
storage bins selected from the supply of storage bins, and returned to the ASRS

structure in the inventory storage bins.
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9. The order fulfillment system of claim 1, wherein the different service areas comprise

a picking area to which inventory items in the ASRS structure are served by the

robotic storage/retrieval vehicles for order picking.

10. The order fulfillment system of claim 9, wherein the different service areas further

comprise a packing area to which partially fulfilled orders, previously picked at the

picking area, are served by the robotic storage/retrieval vehicles for packing.

11. The order fulfillment system of claim 10, wherein the different service areas further

12.

13.

14.

comprise an oversized item storage area for storing large-scale items substantially
large for storage in the ASRS structure, and wherein the different service areas
further comprise a consolidation area to which ordered large-scale items are

transferred for consolidation with inventory items picked at the picking area.

The order fulfilment system of claim 11, wherein the consolidation area is
positioned to neighbor the packing area or overlap the packing area.

The order fulfillment system of claim 12, wherein the consolidation area that
overlaps the packing area comprises at least one consolidated-packing
workstation, wherein the consolidated-packing workstation is configured to share
a common order bin conveyor with other workstations of the packing area.

The order fulfillment system of claim 1, further comprising at least one robotic
package-handling vehicle navigable within the ASRS structure and operable to
receive packaged orders containing ordered items fulfilled from the ASRS
structure, wherein the different service areas comprise a last mile sort area at
which shipment-consolidation containers of a greater capacity than the storage
bins are stored at positions accessible from the ASRS structure, and wherein the
robotic package-handling vehicle is operable to compile the packaged orders into
the shipment-consolidation containers at the last mile sort area.

15. The order fulfillment system of claim 14, wherein the last mile sort area comprises

storage racking delimiting storage spaces of a greater size than the storage
locations of the ASRS structure, and wherein the last mile sort area comprises at

least one row of the storage racking running along the outer perimeter thereof.

16. The order fulfillment system of claim 14, wherein the at least one robotic package-

handling vehicle is a conveyor-equipped robotic vehicle comprising a wheeled
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chassis and a conveyor unit mounted atop the wheeled chassis, wherein the
wheeled chassis is operable to perform locomotion of the robotic package-
handling vehicle through the ASRS structure, and wherein the conveyor unit is
operable to receive the packaged orders and offload the packaged orders to the

shipment-consolidation containers.

17. The order fulfillment system of claim 16, wherein the conveyor unit is rotatably
mounted atop the wheeled chassis for movement relative to the wheeled chassis
about an upright axis to re-orient the conveyor unit into a plurality of different
working positions operable to offload the packaged orders in different directions
from the at least one robotic package-handling vehicle to the shipment-

consolidation containers.

18. The order fulfillment system of claim 17, wherein the conveyor unit comprises a
belt conveyor operable to receive the packaged orders and offload the packaged

orders to the shipment-consolidation containers.

19. The order fulfillment system of claim 17, wherein the conveyor unit is rotatable
between at least two working positions of ninety-degree increment to one another
about the upright axis.

20. The order fulfillment system of claim 1, wherein the workstations include:

at least one travel path on which internally subdivided storage bins selected

from the supply of storage bins are movable through the workstations;

an access spot at which each of the internally subdivided storage bins is
presentable to one of a human worker and a robotic worker available at the

workstations; and

a set of illuminable indicators disposed around the access spot, wherein at
least one of the illuminable indicators is positioned in neighboring adjacency
to each compartment of each of the internally subdivided storage bins.

21. The order fulfillment system of claim 20, wherein the illuminable indicators are
configured to border an access port that overlies the at least one travel path at the
access spot thereof.

22. The order fulfillment system of claim 20, wherein each of the illuminable indicators

is accompanied by a respective item quantity display configured to guide
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23.

placement and picking of items in predetermined quantities to and from

compartments of the internally subdivided storage bins.

The order fulfillment system of claim 1, wherein at least one of the workstations
comprises at least one drive-through travel path on which the robotic
storage/retrieval vehicles are traversable through at least one of the workstations

to carry the storage bins therethrough.

24. The order fulfillment system of claim 1, wherein at least one of the workstations is

25.

arranged to receive two different storage bins between which items received at
the at least one of the workstations are transferred, and wherein at least one of
the workstations receives a first of the two different storage bins via one of:

a drive-through travel path on which the robotic storage/retrieval vehicles are
traversable through at least one of the workstations to carry the first of the two
different storage bins therethrough; and

a conveyor-based travel path on which previously inducted storage bins
traverse through at least one of the workstations independent of the robotic

storage/retrieval vehicles.

The order fulfillment system of claim 24, wherein the two different storage bins

comprise internal compartments of quantities different from one another.

26. The order fulfillment system of claim 1, wherein at least one of the different service

27.

areas include at least one series of workstations arranged in a row extending
outward from the ASRS structure and served by a bin conveyor, wherein the bin
conveyor comprises an outbound section extending outward from the ASRS
structure and passing by the series of workstations, and wherein the bin conveyor
further comprises a series of offshoots, each branching off the outbound section
of the bin conveyor to a respective one of the workstations to deliver received
storage bins thereto.

The order fulfillment system of claim 26, wherein the at least one series of
workstations is served by a package conveyor operable to convey packaged

orders from the workstations back towards the ASRS structure.

28. The order fulfillment system of claim 1, wherein the storage locations in the ASRS

structure are arranged in storage columns, wherein each of the storage columns
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29.

30.

31.

32.

is neighbored by an upright shaft from which the storage locations in each of the
storage columns are accessible, and wherein the fleet of robotic storage/retrieval
vehicles is navigable within the three-dimensional array of storage locations by
both the travel in the two dimensions over the two-dimensional footprint of the
ASRS structure, and a travel in an ascending direction and a descending direction
in a third dimension through the upright shaft neighboring each of the storage
columns, whereby the transfer of the storage bins between the storage locations
and the different service areas is performed entirely by the robotic storage/retrieval

vehicles.

The order fulfillment system of claim 1, wherein the service levels of the ASRS

structure comprise a lower level positioned below the storage levels.

The order fulfillment system of claim 29, wherein the different service areas are
positioned adjacent to the ASRS structure at the lower level thereof for service of
the different service areas by the robotic storage/retrieval vehicles from the lower

level.

The order fulfillment system of claim 1, wherein the ASRS structure serves as an
autonomously operable bin-transfer link for the storage bins between the different

service areas.

The order fulfillment system of claim 1, wherein at least one of the workstations

comprises:

a picking port overlying a supply bin pathway on which a supply storage bin
selected from the supply of storage bins and containing items to be picked is
movable through at least one of the workstations to allow picking of the items
from the supply storage bin when parked on the supply bin pathway at a

picking spot beneath the picking port; and

a placement port overlying a recipient bin pathway on which a recipient
storage bin selected from the supply of storage bins and for which the items
are destined is movable through at least one of the workstations to allow
placement of the items to the recipient storage bin when parked on the
recipient bin pathway at a placement spot beneath the placement port;

wherein a first one of the supply bin pathway and the recipient bin pathway is

an extension track connected to a track of the ASRS structure on which the
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33.

34.

35.

36.

37.

fleet of robotic storage/retrieval vehicles navigate the ASRS structure,
whereby a first one of the picking port and the placement port is served by the
robotic storage/retrieval vehicles navigating the extension track to carry a
corresponding one of the supply storage bin and the recipient storage bin to

the first one of the picking port and the placement port.

The order fulfillment system of claim 32, wherein a second one of the supply bin
pathway and the recipient bin pathway comprises a conveyor-based path running
off the track of the ASRS structure to receive the corresponding one of the supply
storage bin and the recipient storage bin from the robotic storage/retrieval vehicles
navigating the track.

The order fulfilment system of claim 32, wherein at least one of the supply bin
pathway and the recipient bin pathway is arranged to receive and return the
corresponding one of the supply storage bin and the recipient storage bin from
and to the track of the ASRS structure.

The order fulfillment system of claim 32, wherein the supply bin pathway and the
recipient bin pathway are arranged to receive and return the corresponding one of
the supply storage bin and the recipient storage bin from and to the track of the
ASRS structure.

The order fulfillment system of claim 32, wherein at least one of the picking port
and the placement port is bordered by a set of illuminable indicators occupying a
layout that places at least one of the illuminable indicators in neighboring
adjacency to each compartment of a respective one of the supply storage bin and

the recipient storage bin.

The order fulfillment system of claim 1, further comprising a computerized control
system in operable communication with the fleet of robotic storage/retrieval
vehicles and the workstations of each of the different service areas, wherein the
computerized control system comprises a network interface coupled to a
communication network, at least one processor coupled to the network interface,

said processor configured to activate the robotic storage/retrieval vehicles to:

(a) navigate within the ASRS structure and through each of the different

service areas;

(b) retrieve the storage bins from the storage locations of the ASRS structure;
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(c) drop off the storage bins at the different service areas;
(d) pick up the storage bins from the different service areas; and

(e) return and store the storage bins to the storage locations of the ASRS
structure.

38. The order fulfillment system of claim 37, wherein the computerized control system
is in operable communication with the workstations of each of the different service
areas, wherein the computerized control system is configured to transmit service
instructions to one of a human worker and a robotic worker for performance of

service actions on the items contained in the storage bins.
39. An order fulfillment system, said order fulfillment system comprising:

a three-dimensional array of storage locations defined within a three-dimensional
gridded storage structure, said three-dimensional array of storage locations and
said three-dimensional storage structure in combination forming an automated
storage retrieval system (ASRS) structure, said three-dimensional array of storage
locations comprising:

storage columns, each of the storage columns neighbored by an upright shaft
from which the storage locations in each of the storage columns are
accessible; and

at least one two-dimensional gridded track layout from which the upright shaft

neighboring each of the storage columns is accessible;

a fleet of robotic vehicles navigable within the three-dimensional array of storage
locations by travel in two dimensions on the at least one two-dimensional gridded
track layout to access the upright shaft neighboring the storage columns, and by
travel in an ascending direction and a descending direction in a third dimension

through the upright shaft neighboring the storage columns;

a supply of storage bins of compatible size and shape for storage in the storage
locations of the three-dimensional gridded storage structure, wherein the storage
bins are configured to be carried through the three-dimensional gridded storage
structure by the robotic vehicles;

a plurality of different service areas positioned adjacent to an outer perimeter of

the two-dimensional footprint of the ASRS structure, each of the different service
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areas comprising workstations configured for a plurality of tasks;

at least one packing workstation incorporated within at least one of the service
areas, to which ordered items contained in the storage bins are served by the
robotic vehicles for removal and packing of the ordered items into packaged orders
at the at least one packing workstation;

storage racking delimiting storage spaces of a greater size than the storage
locations of the three-dimensional gridded storage structure; and

a supply of shipment-consolidation containers of a greater capacity than the
storage bins, wherein the shipment-consolidation containers are compatible in
size and shape with the storage spaces of the storage racking;

wherein the service areas are configured in a continuous arrangement around the
ASRS structure and the storage bins are transferred to and from the storage
locations of the ASRS structure and between the service areas, free of
identification or scanning of the storage bins, due to the continuous arrangement
of the different service areas around the ASRS structure;

wherein the storage spaces of the storage racking are defined at positions
accessible from the three-dimensional gridded storage structure, and the robotic
vehicles are operable to receive the packaged orders from the packing workstation

and compile the packaged orders into the shipment-consolidation containers; and

wherein different perimeter sides of the ASRS structure are each occupied by a
different combination of the workstations such that each perimeter side of the
ASRS structure is dedicated to a particular task or a combination of the tasks that
differs from the task or the combination of the tasks performed at other perimeter
sides of the ASRS structure.

40. The order fulfillment system of claim 39, wherein the robotic vehicles are conveyor-
equipped robotic vehicles incorporating a wheeled chassis and a conveyor unit
mounted atop the wheeled chassis, wherein the wheeled chassis is operable to
perform locomotion of the robotic vehicles through the three-dimensional gridded
storage structure, and wherein the conveyor unit is operable to receive the
packaged orders from the packing workstation and offload the packaged orders to
the shipment-consolidation containers.
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41. The order fulfilment system of claim 40, wherein the conveyor unit is rotatably
mounted atop the wheeled chassis for movement relative to the wheeled chassis
about an upright axis to re-orient the conveyor unit into a plurality of different
working positions operable to offload the packaged orders in different directions

from the robotic vehicles to the shipment-consolidation containers.

42. The order fulfillment system of claim 41, wherein the conveyor unit is rotatable
between at least two working positions of ninety-degree increment to one another

about the upright axis.

43. The order fulfillment system of claim 41, wherein the conveyor unit comprises a
belt conveyor operable to receive the packaged orders and offload the packaged
orders to the shipment-consolidation containers.

44. An order fulfillment system, said order fulfillment system comprising:

a three-dimensional array of storage locations defined within a three-dimensional
gridded storage structure, said three-dimensional array of storage locations and
said three-dimensional storage structure in combination forming an automated
storage retrieval system (ASRS) structure, said three-dimensional array of storage

locations comprising:

storage columns, each of the storage columns neighbored by an upright shaft
from which the storage locations in each of the storage columns are accessible;

and

at least one two-dimensional gridded track layout from which the upright shaft
neighboring each of the storage columns is accessible;

a fleet of robotic vehicles navigable within the three-dimensional array of storage
locations by travel in two dimensions on the at least one two-dimensional gridded
track layout to access the upright shaft neighboring the storage columns, and by
travel in an ascending direction and a descending direction in a third dimension
through the upright shaft neighboring the storage columns;

a supply of storage bins of compatible size and shape for storage in the storage
locations of the three-dimensional gridded storage structure, wherein the storage
bins are configured to be carried through the three-dimensional gridded storage

structure by the robotic vehicles;
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a plurality of different service areas positioned adjacent to an outer perimeter of
the two-dimensional footprint of the ASRS structure, each of the different service

areas comprising workstations configured for a plurality of tasks;

at least one packing workstation incorporated within at least one of the service
areas to which ordered items contained in the storage bins are served by the
robotic vehicles for removal and packing of the ordered items into packaged orders

at the at least one packing workstation;

storage racking delimiting storage spaces of a greater size than the storage
locations of the three-dimensional gridded storage structure; and

a supply of shipment-consolidation containers of a greater capacity than the
storage bins, wherein the shipment-consolidation containers are compatible in
size and shape with the storage spaces of the storage racking;

wherein the service areas are configured in a continuous arrangement around the
ASRS structure and the storage bins are transferred to and from the storage
locations of the ASRS structure and between the service areas, free of
identification or scanning of the storage bins, due to the continuous arrangement

of the different service areas around the ASRS structure;

wherein different perimeter sides of the ASRS structure are each occupied by a
different combination of the workstations such that each perimeter side of the
ASRS structure is dedicated to a particular task or a combination of the tasks that
differs from the task or the combination of the tasks performed at other perimeter
sides of the ASRS structure; and

wherein the storage racking is served by a combination of:

(a) a navigation structure of assembled track rails and upright frame members
of a same type and relative spacing used in the three-dimensional gridded
storage structure to form the at least one two-dimensional gridded track layout,
the storage columns, and the upright shaft neighboring each of the storage
columns; and

(b) at least one package-handling robotic vehicle navigable within the
navigation structure by travel in two dimensions on the assembled track rails

and by travel in an ascending direction and a descending direction in a third
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45.

46.

47.

48.

49.

dimension on the upright frame members, wherein the package-handling
robotic vehicle is operable to receive the packaged orders from the packing
workstation, carry the packaged orders through the navigation structure to the
storage spaces, and compile the packaged orders into the shipment-

consolidation containers located in the storage spaces.

The order fulfillment system of claim 44, wherein the package-handling robotic
vehicle is a conveyor-equipped robotic vehicle comprising a wheeled chassis and
a conveyor unit mounted atop the wheeled chassis, wherein the wheeled chassis
is operable to perform locomotion of the package-handling robotic vehicle through
the navigation structure, and wherein the conveyor unit is operable to receive the
packaged orders from the packing workstation and offload the packaged orders to
the shipment-consolidation containers.

The order fulfillment system of claim 45, wherein the conveyor unit is rotatably
mounted atop the wheeled chassis for movement relative to the wheeled chassis
about an upright axis to re-orient the conveyor unit into a plurality of different
working positions operable to offload the packaged orders in different directions

from the package-handling robotic vehicle.

The order fulfillment system of claim 46, wherein the conveyor unit is rotatable
between at least two working positions of ninety-degree increment to one another

about the upright axis.

The order fulfillment system of claim 46, wherein the conveyor unit comprises a
belt conveyor operable to receive the packaged orders and offload the packaged

orders to the shipment-consolidation containers.
A method for fulfilling orders, the method comprising:
receiving inbound items at a facility, the facility comprising:

an automated storage and retrieval system (ASRS) structure comprising
a three-dimensional array of storage locations distributed throughout a
two-dimensional footprint of the ASRS structure at a plurality of storage

levels within the ASRS structure; and

a fleet of robotic storage/retrieval vehicles navigable within the ASRS

structure at least by travel in two-dimensions over the two-dimensional
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footprint of the ASRS structure at the service levels of the ASRS structure,
wherein the service levels are positioned above and below the storage

levels; and

a plurality of different service areas positioned adjacent to an outer
perimeter of the two-dimensional footprint of the ASRS structure at the
service levels of the ASRS structure, wherein each of the different service
areas include at least one of a decanting workstation, a processing
workstation, a picking workstation, a packing workstation, a value-added
services workstation, a returns-handling workstation, and a consolidated-

packing workstation;

at the decanting workstation, placing inbound items into unprocessed storage
bins in an originally received condition and inducting the unprocessed storage

bins into the ASRS structure on the robotic storage/retrieval vehicles;

carrying the unprocessed storage bins to processing workstations using the
robotic storage/retrieval vehicles, wherein processing steps are performed at
the processing workstations to transform the inbound items into saleable

inventory items ready for order fulfillment;

from the processing workstations, inducting the saleable inventory items into
the ASRS structure in inventory storage bins carried on the robotic
storage/retrieval vehicles;

carrying the inventory storage bins to a picking workstation using the robotic
storage/retrieval vehicles, wherein, at the picking workstation, the saleable
inventory items are picked from the inventory storage bins and transferred to
an order bin to form at least a partially fulfilled order;

from the picking workstation, inducting the partially fulfilled order into the ASRS

structure on the robotic storage/retrieval vehicles;

configuring the different service areas in a continuous arrangement around the
ASRS structure and transferring the storage bins to and from the storage
locations of the ASRS structure and between the different service areas, free
of identification or scanning of the storage bins, due to the continuous

arrangement of the different service areas around the ASRS structure; and
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50.

configuring different perimeter sides of the ASRS structure to be respectively
occupied by a different combination of workstations such that each perimeter
side of the ASRS structure is dedicated to a particular task or a combination of
tasks that differs from the task or the combination of tasks performed at other

perimeter sides of the ASRS structure.

The method of claim 49, further comprising using the robotic storage/retrieval
vehicles for carrying the order bin to a packing workstation, where a complete

order with the partially fulfilled order is packaged for shipping.

51. The method of claim 50, further comprising:

transferring the partially fulfilled order from the packing workstation to a last

mile sort area;

at the last mile sort area, using a robotic package-handling vehicle of a
locomotive design matching that of the robotic storage/retrieval vehicles to
carry the fulfilled order through the last mile sort area on a navigation structure

of componentry matching the ASRS structure; and

through navigation of the robotic package-handling vehicle on the navigation
structure, carrying the partially fulfiled order to a shipment-consolidation
container and depositing the partially fulfiled order into the shipment-

consolidation container for consolidation with other orders awaiting shipment.

52. The method of claim 51, wherein the navigation structure of the last mile sort area

53.

54.

is operably coupled to the ASRS structure in which the robotic storage/retrieval
vehicles are navigable, whereby the robotic package-handling vehicle is navigable
within the ASRS structure.

The method of claim 49, wherein each of the different service areas positioned
adjacent to the outer perimeter of the two-dimensional footprint of the ASRS
structure is configured to receive a drop-off of storage bins at and a travel of the
storage bins through each of the different service areas by the robotic
storage/retrieval vehicles.

The method of claim 53, wherein the plurality of different service areas include a
consolidation area and an oversized item storage area positioned proximal to the
ASRS structure.
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55. A method for fulfilling orders in an order fulfillment center, said method comprising

the following steps:

receiving inbound items at a receiving area of the order fulfillment center, said
order fulfilment center comprising an automated storage and retrieval system
(ASRS) structure, said ASRS structure further comprising a three-
dimensional array of storage locations distributed throughout a two-
dimensional footprint of the ASRS structure at a plurality of storage levels
within the ASRS structure;

triggering a fleet of robotic storage/retrieval vehicles to navigate the ASRS
structure by travelling in two dimensions over the two-dimensional footprint of
the ASRS structure at service levels of the ASRS structure, wherein the

service levels are positioned above and below the storage levels;

configuring storage bins to be carried by the robotic storage/retrieval vehicles
within the ASRS structure during transfer of the storage bins to and from the
storage locations;

positioning a plurality of different service areas positioned adjacent to an outer
perimeter of the two-dimensional footprint of the ASRS structure at the service
levels of the ASRS structure, wherein each of the different service areas

comprises workstations configured for a plurality of tasks;

configuring each of the different service areas to receive a drop-off of the
storage bins and to facilitate a travel of the robotic storage/retrieval vehicles

carrying the storage bins therethrough;

configuring the different service areas in a continuous arrangement around
the ASRS structure and transferring the storage bins are transferred to and
from the storage locations of the ASRS structure and between the different
service areas, free of identification or scanning of the storage bins, due to the
continuous arrangement of the different service areas around the ASRS

structure; and

causing each different perimeter side of the ASRS structure to be occupied
by a different combination of the workstations such that each perimeter side
of the ASRS structure is dedicated to a particular task or a combination of the

tasks that differs from the task or the combination of the tasks performed at
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other perimeter sides of the ASRS structure.

56. The method as claimed in claim 55, wherein the method further includes the
following steps:

transporting the storage bins between the different service areas in any order;

configuring each of the different service areas to receive the storage bins a

plurality of times for performance of the plurality of tasks; and

receiving the storage bins at a first one of the different service areas for

performance of one of the plurality of tasks;

subsequently storing the storage bins in the storage locations of the ASRS

structure; and

retrieving the storage bins from the storage locations of the ASRS structure
and transferring retrieved storage bins to a second one of the different service

areas.

87



