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AUTOMATED WAREHOUSE FULFILLMENT SYSTEM AND METHOD OF OPERATION

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority benefit, including under 35 U.S.C. § 119(e), of U.S.
Provisional Patent Application No. 62/405,219, filed October 6, 2016 by Robert D. Ahmann,
titled “Automated warehouse fulfillment operations and system,” which is incorporated herein

by reference in its entirety.

FIELD OF THE INVENTION
[0002] This invention relates to the field of inventory movement, and more specifically to a
method and apparatus of moving a human picker on an automatically guided vehicle (AGV)
along with a plurality of shipping containers to a successive plurality of inventory stock bins to
allow the human picker to successively retrieve each of a plurality of stock items from the stock
bins and place the respective items in a preselected one of the plurality of shipping containers

based on a customer order.

BACKGROUND OF THE INVENTION
[0003] Fulfillment of internet orders for goods by customers has become a very important
and cost-competitive business. For a company to be profitable, it is important to fill the order
correctly, quickly and inexpensively. The prior art describes the various problems and prior
attempts to solve the problem of filling the respective shipping container for each order with the
correct items. Several prior art schemes place a human (this person is often called a “picker”) at
a fixed location and have robots move containers of source inventory to the picker’s location in
order that the picker may select an item from its container and place the item in the shipping
container destined for a particular customer. There are numerous problems with this goods-to-

picker conventional method. Several patents describe aspects of this scheme.

[0004] United States Patent 7,402,018 to Mountz et al. issued on July 22, 2008 with the title
"Inventory system with mobile drive unit and inventory holder", and is incorporated herein by
reference. This patent describes a system for transporting inventory that includes an inventory
holder and a mobile drive unit. The inventory holder includes a frame capable of storing
inventory items and a docking plate capable of receiving a docking head from underneath. The
mobile drive unit includes a docking head capable of coupling to the docking plate and a drive
module capable of propelling the mobile drive unit. The mobile drive unit is further capable to

move the inventory holder when the docking head is coupled to the inventory holder.
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[0005] United States Patent 7,826,919 to D'Andrea, et al. issued on November 2, 2010 with
the title "Method and system for transporting inventory items", and is incorporated herein by
reference. This patent describes includes an inventory holder, capable of storing inventory
items, and a mobile drive unit. The mobile drive unit is capable of moving to a first point with
the inventory holder coupled to and/or supported by the mobile drive unit. The mobile drive
unit is additionally capable of determining a location of the inventory holder and calculating a
difference between the location of the inventory holder and the first point. The mobile drive unit
is then capable of determining whether the difference is greater than a predetermined tolerance.
In response to determining that the difference is greater than the predetermined tolerance, the
mobile drive unit is also capable of moving to a second point based on the location of the
inventory holder, docking with the inventory holder, and moving the mobile drive unit and the

inventory holder to the first point.

[0006] United States Patent 7,850,413 to Fontana issued on December 14, 2010 with the
title "System and method for transporting inventory items", and is incorporated herein by
reference. This patent describes an apparatus for transporting inventory items that includes a
housing, a drive module, a docking module, an elevating shaft, and a rotation module. The drive
module is capable of propelling the apparatus in at least a first direction. The docking head is
capable of coupling to or supporting an inventory holder. The rotation module is capable of
inducing rotation in the housing relative to the elevating shaft. The elevating shaft connects to
the docking head and is capable of raising the docking head when the housing is rotated relative

to the elevating shaft.

[0007] United States Patent 7,873,469 to D'Andrea, et al. issued on January 18, 2011 with
the title "System and method for managing mobile drive units”, and is incorporated herein by
reference. This patent describes a method for moving a mobile drive unit within a workspace
includes receiving a path. The path includes at least an initial segment and one or more
additional segments. The initial segment includes a portion of the path adjacent to the first
point; and at least one of the additional segments includes a portion of the path adjacent to the
second point. The method further includes storing the path, reserving the initial segment of the
path, and moving away from the first point along the initial segment. After initiating movement
along the initial segment, the method includes reserving each of the additional segments of the
path and moving toward the second point along each of the additional segments while that

segment is reserved.

[0008] United States Patents 7,894,932 and 7,894,933 to Mountz, et al. issued on February
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22,2011 with the titles "Method and system for replenishing inventory items" and “Method and
system for retrieving inventory items”, and are incorporated herein by reference. These patents
describe a method for storing inventory items in an inventory system that includes receiving a
replenish request identifying an inventory item to be stored in an inventory system and
determining a classification of the inventory item to be stored. The method also includes
selecting an inventory holder from a plurality of inventory holders based, at least in part, on the
classification of the inventory item to be stored and a classification of one or more other
inventory items currently stored in the selected inventory holder. Additionally, the method
includes transmitting information identifying the selected inventory holder to a mobile drive
unit. The patents also describe receiving a retrieval request that identifies an inventory item
and selecting, from a plurality of inventory stations, an inventory station to fulfill an order
associated with the retrieval request. The method also includes selecting an inventory holder
from a plurality of inventory holders that store the inventory item and selecting, from a plurality
of mobile drive units, a mobile drive unit to move the selected inventory holder to the selected

inventory station.

[0009] United States Patent 7,912,574 to Wurman, et al. issued on March 22, 2011 with the
title "System and method for transporting inventory items", and is incorporated herein by
reference. This patent describes a method for transporting inventory items that includes moving
a mobile drive unit to a first point within a workspace. The first point is a location of an
inventory holder. The method further includes docking the mobile drive unit with the inventory
holder and moving the mobile drive unit and the inventory holder to a second point within the
workspace. The second point is associated with conveyance equipment. The method further
includes moving the inventory holder to a third point within the workspace using the

conveyance equipment.

[0010] United States Patent 7,920,962 to D'Andrea, et al. issued on April 5, 2011 with the
title "System and method for coordinating movement of mobile drive units", and is incorporated
herein by reference. This patent describes a method, for moving one or more mobile drive units
within a workspace, that includes receiving, from a first mobile drive unit, a reservation request
requesting use of a first path segment to move in a first direction. The method further includes
determining that a second mobile drive unit is currently located on the first path segment and
determining whether the second mobile drive unit is moving in the first direction. Additionally,
the method includes transmitting a reservation response indicating that the reservation request is
denied, in response to determining that the second mobile drive unit is not moving in the first

direction. The method also includes transmitting a reservation response indicating that the
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reservation request is granted, in response to determining that the second mobile drive unit is

moving in the first direction.

[0011] United States Patent 8,220,710 to Hoffman, et al. issued on July 17, 2012 with the
title "System and method for positioning a mobile drive unit", and is incorporated herein by
reference. This patent describes a method (for transporting inventory items) that includes
determining an assignment state of a mobile drive unit. The method also includes selecting a
location for the mobile drive unit based on the assignment state of the mobile drive unit, in
response to determining that the mobile drive unit is not currently completing a task. The
method further includes transmitting information to the mobile drive unit identifying the

selected location.

[0012] United States Patent 8,239,291 to Hoffman, et al. issued on August 7, 2012 with the
title "System and method for communicating status information of inventory-related tasks using
a status indicator”, and is incorporated herein by reference. This patent describes a method for
communicating information pertaining to a task includes receiving wirelessly first status
information. The first status information specifies a first status associated with a task. The
method also includes indicating the first status to a user and receiving input from the user
indicating a second status associated with the task. Additionally, the method includes
transmitting wirelessly second status information to a remote device in response to receiving the

input from the user. The second status information specifies the second status.

[0013] United States Patent 8,311,902 to Mountz, et al. issued on November 13, 2012 with
the title "System and method for filling an order”, and is incorporated herein by reference. This
patent describes a method for fulfilling inventory requests that includes receiving an inventory
request requesting an inventory item and selecting the requested inventory item from an
inventory holder. The method further includes storing the requested inventory item in an order
holder associated with the inventory request and moving the order holder to a storage space. In
addition, the method includes detecting a triggering event and in response to detecting the

triggering event, retrieving the order holder from the storage space.

[0014] United States Patent 8,483,869 to Wurman, et al. issued on July 9, 2013 with the
title "Method and system for fulfilling requests in an inventory system", and is incorporated
herein by reference. This patent describes a method (for fulfilling requests in an inventory
system) that includes receiving a request indicating an activity to be completed. The method
also includes selecting a holder to fulfill the request and an inventory station at which to fulfill

the request. The inventory station is associated with a queue that includes a plurality of queune
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spaces. The method further includes moving the selected holder from a first location to a second
location remote from the selected inventory station. Additionally, the method also includes
determining that a trigger event has occurred and, in response to determining that the trigger
event has occurred, moving the selected holder from the second location to a queue space of a

queue associated with the selected inventory station.

[0015] United States Patent 8,538,692 to Wurman, et al. issued on September 17, 2013 with
the title "System and method for generating a path for a mobile drive unit", and is incorporated
herein by reference. This patent describes a method of transporting inventory items that
includes receiving a route request from a mobile drive unit. The route request identifies a
destination location within a workspace. The workspace includes at least one cell associated
with a first cell attribute and at least one cell that is not associated with the first cell attribute.
The method includes determining a state of the mobile drive unit. The method also includes
generating a path to the destination location for the mobile drive unit that traverses cells
associated with the first cell attribute, in response to determining that the mobile drive unit is
associated with a first state. The method includes generating a path to the destination location
for the mobile drive unit that does not traverse cells associated with the first cell attribute, in
response to determining the mobile drive unit is not associated with the first state. The method

further includes transmitting the path to the mobile drive unit.

[0016] United States Patent 8,649,899 to Wurman, et al. issued on February 11, 2014 with
the title "System and method for maneuvering a mobile drive unit”, and is incorporated herein
by reference. This patent describes a method of rotating an inventory holder includes moving an
inventory holder towards a rotation area along a straight segment of a path with a first face of the
inventory holder facing a first direction. The rotation area includes a portion of a workspace
designated for rotation of inventory holders. The method further includes moving the inventory
holder into the rotation area along a first arced segment with an orientation of the first face
perpendicular to the first arced segment. The method additionally includes executing a rotation
maneuver within the rotation area and moving the inventory holder out of the rotation area along

a second arced segment with a second face facing the first direction.

[0017] United States Patent 8,798,786 to Wurman, et al. issued on August 5, 2014 with the
title "System and method for processing waste material”, and is incorporated herein by
reference. This patent describes a method for processing waste in a material-handling system
that includes detecting an occurrence of a trigger event associated with a waste holder located at
a first location and, in response to detecting the trigger event, moving a mobile drive unit to the

first location. The method also includes loading waste material onto the mobile drive unit at the
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first location and transporting the waste material to a waste station using the mobile drive unit.

[0018] United States Patent 8,805,573 to Brunner, et al. issued on August 12, 2014 with the
title "System and method for order fulfillment", and is incorporated herein by reference. This
patent describes a system includes a first mobile drive unit and a second mobile drive unit. The
system also includes a first inventory holder, a second inventory holder, and a third inventory
holder. An inventory station includes a first location and a second location and the inventory
station operable to receive a first inventory item from the first inventory holder at the first
location. The first inventory holder transported by the first mobile drive unit. The inventory
station also operable to receive a second inventory item from the second inventory holder at the
first location. The second inventory holder transported by the second mobile drive unit. The
inventory station also operable to receive a third inventory item from the third inventory holder
at the second location. The third inventory holder is fixed at the second location while the

inventory station receives the first and second inventory item.

[0019] United States Patent 8,831,984 to Hoffman, et al. issued on September 9, 2014 with
the title "System and method for inventory management using mobile drive units”, and is
incorporated herein by reference. This patent describes a method for inventory management that
includes deploying a first mobile drive unit having first dimensions and deploying a second
mobile drive unit having second dimensions, the first and second dimensions being different.
The first and second mobile drive units are operable to transport inventory items to a plurality of

inventory stations in the same workspace.

[0020] United States Patent 8,965,562 to Wurman, et al. issued on February 24, 2015 with
the title "Efficient shuffling of mobile drive units for inventory holders", and is incorporated
herein by reference. This patent describes an inventory system that has mobile drive units that
freely and independently move about a facility to transport inventory holders. The mobile drive
units may operate through communications with other drive units, or under a more centralized
control of a management module. For various operating scenarios, the mobile drive units are
directed to shuffle the inventory holders in a manner that minimizes travel of the mobile drive
units, thereby improving overall system efficiency. One or more single mobile drive units may
be used to transport inventory holders to and from a region, and to sequentially reposition or

slide each of the inventory holders within the region according to a priority ordering.

[0021] United States Patent 8,972,045 to Mountz, et al. issued on March 3, 2015 with the
title "Inter-facility transport in inventory management and fulfillment systems", and is

incorporated herein by reference. This patent describes, in an infrastructure that uses a mobile
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order fulfillment system, robotic drive units that may be dispatched and instructed to bring
inventory holders to a workstation where at least one of the inventory holders is packed and
prepared for shipment. The robotic drive units are then instructed to move the prepared
inventory holder to a transport vehicle such as a truck. Fiducial marks may be removably placed
within the transport vehicle to aid navigation of the robotic drive units. At a destination facility,
additional robotic drive units may be instructed to move the inventory holders from the truck

and place the inventory holders at appropriate storage locations.

[0022] United States Patent 9,009,072 to Mountz, et al. issued on April 14, 2015 with the
title "Filling an order at an inventory pier", and is incorporated herein by reference. This patent
describes a system that includes an inventory pier, a mobile drive unit, and a management
module. The inventory pier includes a defined area arranged to station an inventory holder. The
inventory holder stores an inventory item. The mobile drive unit is operable to transport an
order holder. The management module is operable to calculate a metric associated with demand
for the inventory item. Based at least in part upon the metric, the management module is
operable to select, from a plurality of inventory holders, the inventory holder storing the
inventory item to be stationed at the defined area of the inventory pier. The management
module is further operable to receive an order for the inventory item and instruct the mobile
drive unit to transport the order holder to the inventory pier. The order holder is operable to

receive the inventory item from the inventory holder proximate to the defined area.

[0023] United States Patent 9,330,373 to Mountz et al. issued May 3, 2016 with the title
"Method and system for storing inventory holders", and is incorporated herein by reference.
This application describes a method (for storing inventory items in an inventory system) that
includes detecting that an inventory holder is available for storage and determining a
classification of the inventory holder. The method also includes determining a classification of
each of a plurality of storage locations and selecting a storage location for the inventory holder
based, at least in part, on the classification of the inventory holder and the classification of the
selected storage location. The method additionally includes transmitting information identifying

the storage location to a mobile drive unit associated with the inventory holder.

[0024] There remains a need for improved systems for inventory management and

movement.

SUMMARY OF THE INVENTION
[0025] The present invention provides inventory movement (for example, for a fulfillment-

automation system used to send goods to customers) with high volumeitric utilization of
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warehouse space (utilization of the full three-dimensional space within a warehouse), faster

speed and throughput, and low cost-per-order.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026] FIG. 1A is a schematic oblique view of a picker automated vehicle (PAV) 101

according to some embodiments of the present invention.

[0027] FIG. 1B is a schematic top view of picker automated vehicle (PAV) 101 according

to some embodiments of the present invention.

[0028] FIG. 1C is a schematic oblique view of a tote-movement device 120 according to

some embodiments of the present invention.

[0029] FIG. 1D is a schematic oblique view of a picker automated vehicle (PAV) 104

according to some embodiments of the present invention.

[0030] FIG. 2A is an enlarged schematic plan view of portion 201 of a warehouse 202 using
picker automated vehicles (PAVs) 210 and tote-moving modular assemblies (MA) 220

according to some embodiments of the present invention.

[0031] FIG. 2B is a schematic plan view of a warehouse 202 using picker automated
vehicles (PAVs) 210 and tote-moving modular assemblies (MA) 220 according to some

embodiments of the present invention.

[0032] FIG. 3 is a schematic plan view of a conventional package-to-picker facility that
uses unmanned automated carts 312 to move inventory to fixed-position human operator pickers

90.

[0033] FIG. 4 is a perspective view of a system 400 including a picker automated vehicle
(PAV) 401, tote shuttle 402, and bins 403, according to some embodiments of the present

invention.

[0034] FIG. 5 is a plan view of an FCA (fulfillment center automation) warehouse 501,
according to some embodiments of the present invention including a configurator 510, according

to some embodiments of the present invention.

[0035] FIG. 6A is a flowchart of a method 601, according to some embodiments of the

present invention.

[0036] FIG. 6B is a flowchart of a method 602, according to some embodiments of the

present invention.

[0037] FIG. 7 is a perspective view of a system 700 including a simplified picker automated
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vehicle (SPAV) 701, shuttle cart 702, vertical conveyors 703, horizontal conveyors with

integrated rails 704, and bins 7035, according to some embodiments of the present invention.

[0038] FIG. 8 is a perspective view of a system 800 where an enhanced picker automated
vehicle (EPAV) 801 integrates the functions (which are performed by separate components of
system 700 of FIG. 7) of a simplified picker automated vehicle (SPAV) 701, shuttle cart 702,
and vertical conveyors 703 of FIG. 7 into a single vehicle 801, according to some embodiments

of the present invention.

[0039] FIG. 9A is a perspective view of a totally robotic ("man-less") storage retrieval
machine (SRM) 901 that is one of a plurality of such storage and retrieval mechanisms used in a
commercial automated storage and retrieval system (ASRS), according to some embodiments of

the present invention.

[0040] FIG. 9B is a perspective view of a partially robotic "man-on-board" storage retrieval
machine (SRM) 902 that is one of a plurality of such storage and retrieval mechanisms used in a
commercial automated storage and retrieval system (ASRS), according to some embodiments of

the present invention.

[0041] FIG. 9C is a schematic oblique view of a "monorail" picker automated vehicle
(MPAV) mover unit 909 of an MPAV SRM system 903, according to some embodiments of the

present invention.

[0042] FIG. 9D is a schematic oblique view of a "monorail” picker automated vehicle
(MPAYV) 970 of an MPAV SRM system 904, according to some embodiments of the present

invention.

[0043] FIG. 9E is a schematic oblique view of a "monorail” picker automated vehicle
(MPAYV) 980 of an MPAV SRM system 905, according to some embodiments of the present

invention.

[0044] FIG. 10 is a perspective view of a system 1000 including a simplified picker
automated vehicle (SPAV) 701, shuttle cart 702, vertical conveyors 703, and a mini-automated
storage and retrieval system (mini-ASRS) 1001 that replaces the sequencing and storage

function of the configurator 510, according to some embodiments of the present invention.

[0045] FIG. 11 is a perspective view of a system 1100 including a simplified picker
automated vehicle (SPAV) 701, shuttle cart 702, vertical conveyors 703, and mini-ASRS 1001
that replaces the human picker 90 with a picking robot (PR) 1101, according to some

embodiments of the present invention.
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[0046] FIG. 12 is a perspective view of a system 1200, according to some embodiments of

the present invention.

[0047] FIG. 13 is a perspective view of a system 1300 including the system 700, horizontal
conveyors 704, the system 1200, and two transfer conveyors 1301 and 1302, according to some

embodiments of the present invention.

[0048] FIG. 14 is a perspective view of a system 1400 which is a potentially cost reduced
version of system 1200. It includes horizontal conveyors 704, a transfer conveyor 1301, two

vertical elevators 1401, two load-handling devices 1402, and four tote-storage racks 1404.

[0049] FIG. 15 is a block diagram of a system 1500 including a plurality of cost-reduced
mini-ASRS / sequencers 1300, a plurality of bin walls 1501, a plurality of pick shelves
optionally configured to include bins, and a series of conveyors 1502 (moving one direction) and
1502' (moving in the opposite direction) interconnecting them, according to some embodiments

of the present invention.

[0050] FIGs. 16A, 16B, 16C, 16D, 16E, 16F, 16G, 16H, and 161 are portions of an
exemplary timing diagram 1600 (reference number 1600 refers to 1600A-1600I collectively) for
some illustrative embodiments of the invention utilizing vertical conveyors 703, according to

some embodiments of the present invention.

[0051] FIG. 17 is a guide 1700 indicating the number of index positions that a vertical
index conveyor (VIC) (such as vertical conveyors 703 or 920, for example) is required to move

as a part of the software algorithm defined in section 5.15 (timing) as set forth below.

DESCRIPTION OF EMBODIMENTS
[0052] Although the following detailed description contains many specifics for the purpose
of illustration, a person of ordinary skill in the art will appreciate that many variations and
alterations to the following details are within the scope of the invention. Specific examples are
used to illustrate particular embodiments; however, the invention described in the claims is not
intended to be limited to only these examples, but rather includes the full scope of the attached
claims. Accordingly, the following embodiments of the invention are set forth without any loss
of generality to, and without imposing limitations upon the claimed invention. Further, in the
following detailed description of the embodiments, reference is made to the accompanying
drawings that form a part hereof, and in which are shown by way of illustration specific
embodiments in which the invention may be practiced. It is understood that other embodiments

may be utilized and structural changes may be made without departing from the scope of the
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present invention. The embodiments shown in the Figures and described here may include
features that are not included in all specific embodiments. A particular embodiment may
include only a subset of all of the features described, or a particular embodiment may include all

of the features described.

[0053] The leading digit(s) of reference numbers appearing in the Figures generally
corresponds to the Figure number in which that component is first introduced, such that the
same reference number is used throughout to refer to an identical component which appears in
multiple Figures. Signals and connections may be referred to by the same reference number or

label, and the actual meaning will be clear from its use in the context of the description.

[0054] Certain marks referenced herein may be common-law or registered trademarks of
third parties affiliated or unaffiliated with the applicant or the assignee. Use of these marks is
for providing an enabling disclosure by way of example and shall not be construed to limit the

scope of the claimed subject matter to material associated with such marks.
[0055] COPYRIGHT NOTICE/PERMISSION

[0056] A portion of the disclosure of this patent document contains material which is
subject to copyright protection. The copyright owner has no objection to the facsimile
reproduction by anyone of the patent document or the patent disclosure, as it appears in the
Patent and Trademark Office patent files or records, but otherwise reserves all copyright rights
whatsoever. The following notice applies to the software and data as described below and in the

drawings hereto: Copyright© 2016-2017, Doerfer Corporation, All Rights Reserved.

[0057] Figure 1A is a schematic oblique view of a picker automated vehicle (PAV) 101
according to some embodiments of the present invention. In some embodiments, one or more
PAVs 101 are located in each of a plurality of aisles 113 (see high-velocity aisles 251 and low-
velocity aisles 252 of Figure 2B, each of which is considered an aisle 113) in a fulfilment center
(FC), where, on one or both sides of each aisle, are rows and columns of bins 240 (see system
202 of Figure 2B). In some such embodiments, the system 202 includes a computer-control
system 260 that matches one of the plurality of bins to one of the plurality of totes, and controls
the movement of PAV 101 and the human-machine interface (HMI)261 (such as a video screen
and/or laser pointers and/or auditory outputs) that tells the human picker 90 which items to place
in which tote, so as to move and position a human picker 90 such that human picker 90 grabs an
item (e.g., of merchandise) from the appropriate selected bin and places that item into the
appropriate selected tote. In some embodiments, each tote aggregates a plurality of different

items for a given order of merchandise (e.g., such as all the items of an Amazon® order),
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wherein each tote may be moved to a plurality of locations in a plurality of aisles to collect all
such items of merchandise. In some embodiments, a PAV mover unit 110 (carrying and
elevating human picker 90 within a safety cage and platform 111) is connected to one or more
tote-carrying modular elevator assemblies 120 and 120', each carrying a plurality of totes 125
that are held by shelves and/or brackets 122 (or other suitable tote holders), wherein the totes
125 can be moved and repositioned horizontally (in the X direction (Ieft-right in Figure 1A;
towards or away from human picker 90 such that the correct tote 125 is presented next to human
picker 90 at the appropriate time such that the human picker 90 can grab an item from a bin 240
(see Figure 2A) and place the grabbed item in the correct tote 125 with the shortest and/or most
efficient path) and/or Y direction (forward-backward in Figure 1A)) and vertically (in the Z
direction (up-down in Figure 1A)) by centrally located elevator motion units (EMUs) 128
(toward the back in Figure 1A) and 129 (toward the front in Figure 1 A). In some embodiments,
PAYV mover unit 110 includes a machine-human interface (such as a video screen and/or laser
pointers and/or auditory outputs that indicate to the human picker 90 which items are to be
picked from which bins 240 (a few of which are shown in a portion of picking shelves 250
above human picker 90 in Figure 1A) in one of a plurality of aisles in a warehouse (see Figure
2A) and then placed in which totes 125). In various embodiments, a plurality of shelves or
brackets 122 are arranged on a plurality of sides (front-back and/or left-right) of each EMU 128
and 129. In some embodiments, one or more Y-direction front-back-horizontal conveyors 121
(e.g., at the very top and/or one or more positions in between the very top and the very bottom)
are provided to move totes between the back-left set 127 of shelves/brackets and the front-left
set 126 of shelves/brackets, and one or more Y-direction front-back-horizontal conveyors 121
(e.g., at the very top and/or one or more positions in between the very top and the very bottom)
are provided to move totes between the back-right set 127" of shelves/brackets and the front-
right set 126’ of shelves/brackets 122. Thus, each back-side EMU 128 can grab or receive a tote
125 (e.g., from one of the shelves/brackets 122), then lift or lower the tote 125 and then insert it
onto another one of the shelves/brackets 122 on the back-left set 127 of shelves/brackets, or the
back-right set 127" of shelves/brackets. Similarly, each front-side EMU 129 can grab or receive
a tote 125 (e.g., from one of the shelves/brackets 122), then lift or lower the tote 125 and then
insert it onto another one of the shelves/brackets 122 on the front-left set 126 of
shelves/brackets, or the front-right set 126’ of shelves/brackets. In some embodiments, a
plurality of elevator motion units 128 (on the back side with respect to Figure 1A) and/or a
plurality of elevator motion units 129 (on the front side with respect to Figure 1A) are provided,

one above the other, on each vertical pole of each tote-carrying modular assembly 120, such that
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a plurality of vertical moves of totes can occur simultaneously and/or at least partially

overlapped in time.

[0058] Figure 1B is a schematic top view of picker automated vehicle (PAV) 101 according

to some embodiments of the present invention.

[0059] Figure 1C is a schematic oblique view of a tote-movement device 120 according to

some embodiments of the present invention.

[0060] Figure 1D is a schematic oblique view of a picker automated vehicle (PAV) 104
according to some embodiments of the present invention. In some embodiments, a plurality of
elevator motion units (EMUs) 129 (e.g., upper and lower EMUs on both the left and right sides)
are provided on each vertical pole of each tote-carrying modular assembly 120. In addition, a
plurality of tote-carrying modular assemblies (MAs) 120 are provided on the left side and/or the
right side of PAV mover unit 110 (in the embodiment shown, a total of four MAs 120 are

connected to a single PAV mover unit 110).

[0061] Figure 2A is an enlarged schematic top view of portion 201 of a warehouse 202
using picker automated vehicles (PAVs) 210 and tote-moving modular assemblies (MAs) 220
according to some embodiments of the present invention. In some embodiments, each PAV
system 200 includes one picker automated vehicle (PAV) 210 and two tote-moving modular
assemblies 220 connected together so that the PAV system 200 moves down the aisle 241. In
some embodiments, picker automated vehicle (PAV) 210 is implemented as PAV mover unit
110 described above and tote-moving modular assemblies 220 are implemented as tote-carrying
modular assemblies (MAs) 120 described for Figure 1A, Figure 1B, Figure 1C, and/or Figure
1D above. In some embodiments, bins 240 are placed along both sides of each aisle 241, and a
PAYV 210 carries a human picker and is connected to one or more MAs 220 to form a PAV
system to move along the aisle and to raise and lower the human picker 90 to bins 240 located at
various heights along both sides of each one of the aisles 113. In some embodiments, the
horizontal and vertical motion and the horizontal-vertical (HV) paths taken by the safety cage
and platform 111 supporting the human picker are automatically chosen by computer algorithm

to minimize the time per pick.

[0062] Figure 2B is a schematic top view of a warehouse 202 using a plurality of PAV
systems 200 (each including a picker automated vehicle (PAV) 210 and one or more tote-
moving modular assemblies (TMMA) 220) according to some embodiments of the present
invention. In some embodiments, warehouse 202 includes one or more "high-velocity" aisles

231 that have bins containing the more popular merchandise items (the merchandise items
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having the most sales are considered "high-velocity" items) and one or more "low-velocity"
aisles 232 that have bins containing the less popular merchandise items (the merchandise items
having less frequent sales are considered "low-velocity" items). A support zone 241 includes
one or more areas for each of the following system parts: receiving station 245, an automated
storage and retrieval system (ASRS) and/or a mini ASRS 244, a shipping station 243 and/or a
loader/unloader 242 that includes slots to configure and load each of a plurality of MAs 220
with a plurality of identified totes that will each be used to accumulate the merchandise items for
a different one of a plurality of end-user customers' orders. In some embodiments,
loader/unloader 242 also erects corrugated cardboard shipping boxes used to deliver the items in
end-user customers’ orders, and unloads the totes from completed MAs 220 that have been
transported to connect to each PAV 210 carrying the human pickers that are picking in the aisles
241. Once filled, the filled erected corrugated cardboard shipping boxes are then sealed and
labeled for delivery to form completed shipping boxes, and the shipping station 243 will load

these completed shipping boxes onto trucks for transport from the warehouse 202.

[0063] Figure 3 is a schematic top view of a conventional package-to-picker warehouse
facility 301 that uses unmanned automated carts 312 (also called robocarts, or robotic carts that
go to collect one or more bins (possibly stacked bins) each having one or more merchandise
items (inventory), in order to move inventory from their storage locations along aisles 341 to
fixed-position human operator pickers 90 located at workstations 313. Each workstation 313

has spaces for a few (e.g., six to ten) robocarts, such that each human picker 90 has, within their
reach, bins for no more than that number of stock items at any one time. Since the human picker
is loading a separate shipping box for each customer's order, the limited number of robocarts and
their respective bins thus limits the minimum amount of time needed per stock item moved.
Such conventional systems fetch goods by unmanned robocarts 312, each under respective
containers of goods to four stationary pickers at the end of the aisles; because robocarts move
312, containers of goods (bins) are limited in height (perhaps less than two or at most three
meters in height). This height limitation limits the amount of inventory that the warehouse can
stock (the inefficient use of space incurring space costs for the land and buildings required, as
well as the utility costs for heating, cooling and lighting of warehouse 311); the long distances
that robocarts 312 must move to deliver the bins to the human pickers and then move the slightly
depleted bins back to their storage locations along the aisles 341 is an additional drawback
(longer times equate to higher costs); and the large number of robocarts 312 needed for timely
delivery of inventory bins to the human pickers 90 introduces traffic congestion and high costs

for the many robocarts 312 (further slowing how many inventory items can be brought to the
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human pickers 90 in a given amount of time, which increases the cost of labor and reduces
system inventory throughput). Moving an entire set of bins carried by a robocart 312 across the
warehouse 301 to the fixed location of one of the pickers 90 and then moving the entire set of
bins by the robocart 312 back across the warehouse 301 to the storage location for that set of
bins takes a large amount of time and energy just to allow the human picker 90 to remove a

single inventory stock item and place that item into a shipping box, and is costly.

[0064] Figure 4 is a perspective view of a system 400 including a picker automated vehicle
(PAV) 401, tote shuttle 402, and bins 403, according to some embodiments of the present
invention. The picker automated vehicle (PAV) 401 (which, in some embodiments, includes a
tote shuttle 402 connected to a human-picker cage 405 that travels vertically on cage elevator
406, which together move horizontally back and forth across the length of aisle 113) is an
embodiment of an automated picker-to-goods vehicle. In some embodiments, PAV 401 moves
the human picker 90 horizontally along aisle 113 (in some embodiments, via a wheeled cart
mechanism) and vertically (via cage elevator 406) to reach a selected bin 403 among different
ones of the bins 403, and also moves the totes 125 (not shown here) vertically in tote shuttle 402
such that the designated destination tote 125 is close to the designated source bin 403 at the
moment that the human picker is to move the stock item from the designated source bin 403 to
the designated destination tote 125. While vehicles that are similar in some ways exist in
conventional systems, they have not been utilized in a fully automated order-fulfillment system,
such as system 400, where the stock-item goods the picker 90 takes from the bins 403 on the
warehouse shelves in an aisle 113 are automatically transported in totes 125 that are moved from
that pick location to their ultimate warehouse destination, thus allowing the human picker 90 to
proceed immediately to the next pick location, as opposed to the picker delivering the picked
item to, at a minimum, the end of the aisle as conventional implementations dictate. This
improvement provided by some embodiments of the present invention eliminates significant

travel time.

[0065] Figure 5 is a plan view of an FCA (fulfillment center automation) warehouse system
501, according to some embodiments of the present invention. In some embodiments, software
and hardware systems implement database 521 and scheduler 522 applications that work along
with warehouse-management system (WMS) 550 to organize and sort shipment orders within
warehouse building 500 so as to minimize the time needed per pick, and maximize shipment
throughput. In some embodiments, tote shuttle system 530 and tote shuttles 402 transfer totes
between the configurator 510 and the picker automated vehicles (PAVs) 401 located in aisles

113. In some embodiments, there are three primary functions of the configurator 510: they are
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1) to place the totes in the correct sequence that allows the picker on the picker automated
vehicle (PAV) 401 to travel an optimized path in order to minimize their pick time, 2) to transfer
partially filled totes between aisles 113 so complete orders can ultimately be attained, and 3) to
store totes prior to their being required in any given aisle 113. A total inventory of available
stock items is stored in bins 403 and stock items are picked by human pickers 90 who are
automatically conveyed and elevated to selected bins to pick items for each shipment and who

place the picked items in preselected totes 125.

[0066] Figure 6A is a flowchart of a method 601 (which also corresponds to a system that
performs the method), according to some embodiments of the present invention. In some
embodiments, a tote input spur from the tote-conveyor system is provided at block 605. In some
embodiments, at block 606, method 601 includes a divert for empty totes and
restocking/replenishing of totes. In some embodiments, an interrupt point for manual empty-
tote loading onto the conveyor is provided at block 607. In some embodiments, at block 610, a
sorter is provided. In some embodiments, the sorter includes a 16-aisle sorter with diverts on
specific centerlines all heading one direction (e.g., south). In some embodiments, the sorter
input is equal to 150 totes-per-minute (I'PM) (in other embodiments, any other suitable sorter
input rate is provided). In some embodiments, each divert gets a random selection of twelve
(12) totes every ninety (90) seconds. In some embodiments, at block 6135, a restock tote buffer
is provided on a first-in/first-out (FIFO) basis. In some embodiments, at block 616, an interrupt
point for manually replenishing tote loading is provided. In some embodiments, at block 620,
approximately 45% of totes exit the system. In some such embodiments, 55% are routed to the
sorter loop for additional processing. In some embodiments, an interrupt point for unloading
totes from the output buffer FIFO is provided at block 621 in case downstream is blocked. In
some embodiments, a tote output spur is provided at block 622. In some embodiments, at block

630, tote input and output conveyors are one on top of the other at the tote-conveyor connection.

[0067] Figure 6B is a flowchart of a method 602 (which also corresponds to a system that
performs the method), according to some embodiments of the present invention. In some
embodiments, method 602 includes providing conveyors 640 that are one on top of the other,
running in opposite directions. In some such embodiments, conveyors 640 include an input
conveyor 641 on a lower level and an output conveyor 642 on an upper level. In some
embodiments, there is approximately 31.5 inches between the floor and the drive surface of
input conveyor 641. In some embodiments, there is approximately 57 inches between the floor
and the drive surface of output conveyor 642. In some embodiments, at block 641.1, the PAV

has an accumulating roller conveyor that holds two rows of four (4) totes on two (2) layers each
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running in opposite directions. In some embodiments, at block 641.2, side-by-side belt
conveyors (TS) accept the 2x4 slug of totes and transfer the slug downstream. In some
embodiments, at block 641.3, the two slugs of four (4) are combined into single file. In some
embodiments, all 16 inputs are combined to a single lane at block 641.4. In some embodiments,
at block 642.1, each divert delivers randomly sequenced totes accumulating to a set of eight (8).
In some embodiments, totes are re-sorted into a planned sequence of eight (8) in a 2x4 matrix.
In some embodiments, at block 642.2, once the 2x4 matrix is created, it is shuttled as a slug onto
the TS. In some embodiments, at block 642.3, the TS (e.g., side-by-side belt conveyors) accepts
the 2x4 slug of totes and transfers the slug to the PAV. In some embodiments, at block 642 .4,
the PAV includes an accumulating roller conveyor that holds two rows of four (4) totes. In
some such embodiments, the accumulating roller conveyor includes two layers of conveyors

running in opposite directions.

[0068] Figure 7 is a perspective view of a system 700 including a simplified picker
automated vehicle (SPAV) 701, shuttle cart 702, vertical conveyors 703, horizontal conveyors
with integrated rails 704, and bins 705 (in some embodiments, implemented as bins 240
arranged in groups (e.g., rows and columns) shown as picking shelves 250 in Figure 1A, Figure
2A and Figure 2B), according to some embodiments of the present invention. In this
embodiment, the function of the tote shuttle 402 is to transport totes between the totes shuttle
system (530) and the picker automated vehicle (702) as shown and described above for Figure 4
is replaced by the shuttle cart 702, vertical conveyor crossover transporter 720, and horizontal
conveyors with integrated rails (HCIR) 704 (including arriving horizontal conveyor (AHC)
704A and departing horizontal conveyor (DHC) 704D). In addition, the picker automated
vehicle (PAV) 401 such as shown, for example, in Figure 4 is replaced with the simplified
picker automated vehicle (SPAV) 701 in an effort to reduce cost by SPAV 701, as shown in
Figure 7, not having a requirement to store a plurality of totes within the SPAV 701, while the
PAYV 401 as shown in Figure 4 stored a plurality of totes within the PAV 401.

[0069] In some embodiments, HCIR 704 includes AHC 704A that brings totes 125 to
shuttle cart 702 and DHC 704D that takes totes 125 away from shuttle cart 702. In some
embodiments, an up-loading ramp 733 (or other loading-transport mechanism having similar
function) brings totes 125 from the height of HCIR 704 up to the height of shuttle cart 702 and
an unloading ramp 734 (or other unloading-transport mechanism having similar function) that
brings totes 125 from the height of shuttle cart 702 back down to the height of HCIR 704. In
some embodiments, shuttle cart 702 includes an upward vertical conveyor (UVC) 731 and a

downward vertical conveyor (DVC) 732. In some embodiments, SPAV 701 includes a person
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safety cage 711 for holding a human picker 90), a person-cage elevator 712, and a forklift-type
vehicle 713 for moving SPAV 701 and shuttle cart 702 along aisle 113.

[0070] Figure 8 is a perspective view of a system 800 where an enhanced picker automated
vehicle (EPAV) 801 integrates the function of a simplified picker automated vehicle (SPAV)
701, shuttle cart 702, and vertical conveyors 731/732 into a single vehicle, according to some
embodiments of the present invention. In some embodiments, this is done for potential cost

reduction.

[0071] In some embodiments, system 800 includes horizontal conveyors with integrated
rails 804 (including AHC 804A and DHC 804D). In some embodiments, EPAV 801 includes
shuttle-cart module 802 (including up-loading ramp 833 and un-loading ramp 844), UVC 831,

DVC 8§32, vertical conveyor crossover transporter 820, and person cage 811.

[0072] Figure. 9A is a perspective view of a totally robotic ("man-less") storage retrieval
machine (SRM) 901 that is one of a plurality of such storage and retrieval mechanisms used in a
commercial automated storage and retrieval system (ASRS), according to some embodiments of

the present invention.

[0073] Figure 9B is a perspective view of a partially robotic "man-on-board" storage
retrieval machine (SRM) 902 that is one of a plurality of such storage and retrieval mechanisms
used in a commercial automated storage and retrieval system (ASRS), according to some
embodiments of the present invention. SRM 901 represents a standard much-more-common
man-less version and SRM 902 represents a man-on-board version. In some embodiments,
SRM 902 includes a monorail bottom bearing 917 and a monorail top hanger 915. In some
embodiments, man-on-board SRM 902 is used to replace the function of a picker-automated
vehicle (PAV) 701, according to some embodiments of the present invention. These
mechanisms are shown as another potential embodiment of a simplified picker automated
vehicle (SPAV) 701 as shown in Figure 7 that provide yet another potential cost reduction

and/or performance enhancement.

[0074] Figure 9C is a schematic oblique view of a "monorail” picker automated vehicle
(MPAYV) mover unit 909 of a MPAV system 903, according to some embodiments of the present
invention. In some embodiments, one or more PAVs 902 are located in each of a plurality of
aisles 113 in a fulfilment center (FC), where, on one or both sides of each aisle 113, are rows
and columns of bins 240 that form picking shelves 250 (see system 202 Figure 2B). In some
such embodiments, the MPAV 902 includes a computer-control system 960 that matches one of

the plurality of bins to one of the plurality of totes, and controls the movement of MPAV mover
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unit 909

(e.g., * the up-down 912 control of safety cage 911,

* the left-right movement 913 of the entire MPAV mover unit 909,

e the leftward movement 944 of leftward-moving horizontal conveyor 940,

* the rightward movement 954 of rightward-moving horizontal conveyor 950,

« the upward movement 952 of the left-hand upward-moving arrival vertical conveyor 951,

« the front-to-back cross-over horizontal movement on transfer conveyor 946 that transports
totes 125 from left-hand upward-moving arrival vertical conveyor 951 to left-hand downward-
moving departure vertical conveyor 941,

e the downward movement 942 of left-hand downward-moving departure vertical conveyor 941,
* the upward movement 952" of the right-hand upward-moving arrival vertical conveyor 951"
that receives arriving totes from leftward-moving horizontal conveyor 940,

* the back-to-front cross-over horizontal movement on transfer conveyor 946’ that transports
totes 125 from right-hand upward-moving arrival vertical conveyor 951" to right-hand
downward-moving departure vertical conveyor 941',

e the downward movement 942’ of right-hand downward-moving departure vertical conveyor
941,

* the pick-up movement 953 that transports the rightward-traveling arriving totes from
rightward-moving horizontal conveyor 950 to left-hand upward-moving arrival vertical
conveyor 951,

* the drop-off movement 943 that transports the downward-traveling departing totes from left-
hand downward-moving departure vertical conveyor 941 to the left end 940’ of leftward-moving
horizontal conveyor 940,

* the pick-up movement 953' that transports the leftward-traveling arriving totes from leftward-
moving horizontal conveyor 940 to right-hand upward-moving arrival vertical conveyor 951',

* the drop-off movement 943' that transports the downward-traveling departing totes from right-
hand downward-moving departure vertical conveyor 941' to the right end 950" of rightward-
moving horizontal conveyor 950, and

* the human-machine interface (such as human-machine interface (HMI) 261 shown in Figure
2B) that tells the human picker 90 which items to place in which tote, so as to move and position
a human picker 90 such that human picker 90 grabs an item (e.g., of merchandise) from the
appropriate selected bin and places that item into the appropriate selected tote). In some
embodiments, each tote aggregates a plurality of different items for a given order of

merchandise (e.g., such as all the items of an Amazon® order), wherein each tote may be moved
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to a plurality of locations in a plurality of aisles to collect all such items of merchandise.

[0075] In some embodiments, a MPAV mover unit 909 includes elevator 910, used for
carrying and elevating (vertically moving) human picker 90 within a safety cage 911 that is
raised and lowered using, e.g., motors 916, and moved left-and-right along with the attached
elevator assemblies 920 and 92()' using, e.g., motors 917 and chain 918. By supporting MPAV
mover unit 909 at both the top (bearing assembly 915 held by rails (not shown) attached to an
upper structure of the building) and bottom (by wheel assembly 917 held in a groove structure
on the floor of the building), MPAV mover unit 909 eliminates the need for a wide-stance
machine such as a forklift (such as 713 of Figure 7), thus further reducing the width needed for

the aisle 113 between opposing picking shelves 250 and their bins 240 (see Figure 5).

[0076] In some embodiments, elevator 910 is connected to one or more tote-carrying
modular elevator assemblies 920 and 920, each carrying a plurality of totes 125 that are held by
shelves 922 (and/or brackets or other suitable tote holders), wherein the totes 125 can be moved
and repositioned horizontally (in the X direction (left-right in Figure 9C; towards or away from
human picker 90 and optionally tilted from the horizontal with the downward edge towards
human picker 90, such that the correct tote 125 is presented next to human picker 90 at the
appropriate time, such that the human picker 90 can grab an item from a bin 240 (see Figure 1A)
on a bin wall on either side of the aisle 913 and place the grabbed item in the correct tote 125
with the shortest and/or most efficient path), and/or Y direction (forward-backward in Figure
9C)) and vertically (in the Z direction (up-down in Figure 9C)) by modular elevator assemblies
920 and 920'. In some embodiments, MPAV mover unit 909 includes a machine-human
interface (such as a video screen and/or laser pointers and/or auditory outputs that indicate to the
human picker 90 which items are to be picked from which bins 705 (see Figure 7) in one of a
plurality of aisles in a warehouse (see Figure 7) and then placed in which totes 125). In some
embodiments, one or more Y-direction back-to-front horizontal transfer conveyors 946' (e.g., at
the very top) are provided to move totes between the upward-moving arrival vertical conveyor
951" and the downward-moving arrival vertical conveyor 941', and one or more Y -direction
front-to-back horizontal crossover transfer conveyor 946 (e.g., at the very top) are provided to
move totes between the upward-moving arrival vertical conveyor 951 and the downward-
moving arrival vertical conveyor 941. The drop-off movement 943" transports the downward-

traveling departing totes from right-hand downward-moving departure vertical conveyor 941.

[0077] In some embodiments, MPAV mover unit 909 allows totes 125 to arrive from either
or both ends of aisle 113 and to depart towards either or both ends of aisle 113. In some

embodiments, totes 125 are allowed to travel under MPAV mover unit 909 without being picked
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up by the upward-moving arrival vertical conveyor 951 or 951’ so that they can simply be
merged with departing totes from MPAV mover unit 909 and moved from one end of the aisle
113 to the other for other scheduling, without being loaded with additional stock items at the

present time.

[0078] Figure 9D is a schematic oblique view of a "monorail” picker automated vehicle
(MPAYV) 970 of an MPAV SRM system 904, according to some embodiments of the present
invention. In some embodiments, MPAYV 970 is similar to MPAV mover unit 909 of Figure 9C
described above, but with the addition of X-direction mechanisms and top front-to-back
horizontal crossover conveyor 948 (moving totes 125 right-to-left from the top of up-down
elevators 920" to the top of up-down elevators 920) and X-direction mechanisms and top front-
to-back horizontal crossover conveyor 948' (moving totes 125 left-to-right from the top of up-
down elevators 920 to the top of up-down elevators 920'). In some embodiments, X-direction
mechanisms and top front-to-back horizontal crossover conveyors 948 and 948" are in addition
to Y-direction mechanisms and top front-to-back horizontal crossover transfer conveyor 946 and
top back-to-front horizontal crossover transfer conveyor 946'. In other embodiments, X-
direction mechanisms and top right-to-left horizontal crossover transfer conveyor 948 and top
left-to-right horizontal crossover transfer conveyor 948" are in place of Y-direction mechanisms

and top horizontal crossover transfer conveyors 946 and 946'.

[0079] In some embodiments (not shown), the present invention uses a system substantially
identical to system 904, but uses only a single horizontal conveyor 950 (eliminating the other
conveyor 940, the backside downward vertical conveyor 941, the backside upward conveyor
951", the top front-to-back and back-to-front horizontal crossover conveyors 946 and 946', and
top right-to-left horizontal conveyor 948 (all at the back side of Figure 9D)). Thus (in relation to
the system of Figure 9D), all the arriving totes 125 are dispatched from the left end of aisle 113,
arrive at MPAV 970, are loaded onto upward conveyor 951, conveyed upward, transferred
across the top horizontal conveyor 948', loaded onto downward conveyor 941', conveyed
downward, unloaded from downward conveyor 941" onto the single horizontal conveyor 950,

and conveyed horizontally to end 950" at the right end of aisle 113.

[0080] Figure 9E is a schematic oblique view of a "monorail" picker automated vehicle
(MPAYV) 980 of an MPAV SRM system 905, according to some embodiments of the present
invention. In some embodiments, MPAYV 980 is similar to MPAV 970 of Figure 9D described
above, but with the addition of storage shelves 981, and the mechanism(s) needed to move totes
125 between up-down elevators 920 back and forth to selected ones of storage shelves 981. One

advantage of this embodiment is that totes 125 on the left side can be temporarily stored local to
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the human picker 90 rather than dispatched back to the departing horizontal conveyor 940'
which would cause the totes to travel to the end of the aisle 113 before coming back to the
human picker 90 to be loaded with stock items from different spaced-apart columns of bins 240
on the picking shelves 250. In some embodiments, MPAYV 980 further includes storage shelves
981 located on the other side next to up-down elevators 920'. In other embodiments, yet further

storage shelves such as shown in system 1400 of Figure 14 are also, or alternatively, provided.

[0081] Figure 10 is a perspective view of a system 1000 including a simplified picker
automated vehicle (SPAV) 701, shuttle cart 702, vertical conveyors 703, and a mini-automated
storage and retrieval System (mini-ASRS) 1001 that replaces the sequencing and storage
function of the configurator 510 such as shown in Figure 5, according to some embodiments of
the present invention. This substitution of the mini-ASRS 1001 to replace configurator 510 is
done to provide another potential cost and/or performance enhancement. In the embodiment
shown in Figure 10, the mini-ASRS 1001 is placed on the shuttle cart 702, but in other
embodiments, could also be placed in a static position at the end of a warehouse aisle 251 in

conjunction with the other hardware shown in this Figure 10.

[0082] Figure 11 is a perspective view of a system 1100 including a simplified picker
automated vehicle (SPAV) 701, shuttle cart 702, vertical conveyors 703, and mini-ASRS 1001
that replaces the human picker with a picking robot (PR) 1101, according to some embodiments
of the present invention. The replacement of the human picker with a picking robot (PR) 1101

is done for potential operating-expense, worker safety and/or system-performance improvement.

[0083] Figure 12 is a perspective view of a system 1200 that includes horizontal conveyors
704, a sequencer motor 1201, rotary clutches 1202, a rotary shaft 1203, a rotary-motion-to-
linear-motion lift device 1204, a mini-ASRS shuttle 1205, a mini-ASRS vertical lift with
integrated load-handling device 1206, and a mini-ASRS transfer rail 1207. System 1200 is
referred to as the cost-reduced Mini-ASRS / sequencer. In some embodiments, system 1200 is

combined with parts of one or more of the other embodiments described herein.

[0084] Figure 13 is a perspective view of a system 1300 including the system 700,
horizontal conveyors 704, the system 1200, and two transfer conveyors 1301 and 1302.

Together they constitute one preferred embodiment.

[0085] Figure 14 is a perspective view of a system 1400 which is a potentially cost-reduced
version of system 1200. It includes horizontal conveyors 704, a transfer conveyor 1301, two

vertical elevators 1401, two load handling devices 1402, and four tote-storage racks.

[0086] Figure 15 is a block diagram of a system 1500 including a plurality of cost-reduced
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mini-ASRS / sequencers 1300 (each of which includes a sequencer 1550 and a mini ASRS
1560), a plurality of bin walls 1501, and a series of conveyors 1502 (moving one direction) and
1502' (moving in the opposite direction) interconnecting them, and a plurality of pick shelves
250 each having rows and columns of bins 240 such as shown in Figure 1A on each side of each

aisle 113.

[0087] Figures 16A through 161 are portions of a timing diagram 1600 (which refers
collectively to timing diagram portions 1600A, 1600B, 1600C, 1600D, 1600E, 1600F, 1600G,
1600H and 16001, respectively) for some embodiments of the invention utilizing vertical
conveyors 703. These Figures demonstrate how two vertical conveyors 703 can work together
synchronously to achieve a pick request within a time that makes the system commercially
competitive. Key 1 is a listing of timings for one example according to the present invention for
the time of 1-7 steps of the vertical indexed conveyor (VIC) and for the person elevator of the

PAYV movement of 1-5 steps, as well as the reference numbers for the key in Figures 16A-161.

[0088]
Key 1
VIC MOVE A (DISTANCE) TIME (SECONDS)
1 0.70
2 0.99
3 1.29
4 1.58
5 1.87
6 2.16
7 2.45
PAV MOVE A (DISTANCE) TIME (SECONDS)
1 1.79
2 2.53
3 3.40
4 4.20
S 5.00
| L/U TIME | 1.00
1681 (vertical crosshatching) TOTES HANDLED IN UP VIC
1682 (horizontal crosshatching) TOTES HANDLED IN DOWN VIC
1683 (downward sloping crosshatching) VIC MOVEMENT RANGE
1684 (upward sloping crosshatching) PAV PLATFORM RANGE
1685 (diamond trellis crosshatching) TOTE BEING HANDLED
1686 (dot-array crosshatching) PAV PLATFORM POSITION
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[0089] In Figure 16 A, the start of a sequence of tote moves of portion 1600A has reference
number 1610. Successive time periods are labeled 1611 (tote A is loaded on vertical slot 1641
using 1.0 second, per the Key 1 above), 1612 (tote A is moved 7 slots upward to slot 1648) and
1613 (tote C is loaded to slot 1641 and tote A is unloaded to the top horizontal conveyor 1651).
The arriving totes are on arriving horizontal conveyor (AHC) 1671 and will travel up the steps
1641, 1642, 1643, 1644, 1645, 1646, 1647 and 1648 of upward vertical conveyor 1640, then
across top horizontal conveyor 1651, then travel down the steps 1661, 1662, 1663, 1664, 1665,
1666, 1667 and 1668 of downward vertical conveyor 1660, and completed totes will be output to
on departing horizontal conveyor (DHC) 1672. The accumulated time is set forth in the action
boxes at the top of each time period. Continue to refer to 1610 of Figure 16 A for reference

numbers of the respective slot positions.

[0090] In Figure 16B, the continuing sequence of tote moves of portion 1600B has time periods
are labeled 1614 (tote c is moved 7 slots upward to slot 1648; tote A is transferred across top
horizontal conveyor 1651), 1615(tote A is moved 3 slots downward to slot 1664 and starts
handling 1685 (i.e., being loaded by human picker 90), tote B is loaded on vertical slot 1641 and
tote C is unloaded to the top horizontal conveyor 1651), 1616 (tote B is moved 4 slots upward to
slot 1645; tote C is transferred across top horizontal conveyor 1651), 1617 (tote E is loaded on
vertical slot 1641) and 1618 (tote A completes handling 1685 (i.e., it is done being loaded by
human picker 90)).

[0091] In Figure 16C, the continuing sequence of tote moves of portion 1600C has time periods
labeled 1619, 1620, 1621, 1622, and 1623, with the actions and accumulated times listed at the

top of each time period.

[0092] In Figure 16D, the continuing sequence of tote moves of portion 1600D has time periods
labeled 1624, 1625, 1626, 1627, and 1628, with the actions and accumulated times listed at the

top of each time period.

[0093] In Figure 16E, the continuing sequence of tote moves of portion 1600E has time periods
labeled 1629, 1630, 1631, 1632, and 1633, with the actions and accumulated times listed at the

top of each time period.

[0094] In Figure 16F, the continuing sequence of tote moves of portion 1600F has time periods
labeled 1634, 1635, 1636, 1637, and 1638, with the actions and accumulated times listed at the

top of each time period.

[0095] In Figure 16G, the continuing sequence of tote moves of portion 1600G has time periods
labeled 1639, 1640, 1641, 1642, and 1643, with the actions and accumulated times listed at the

top of each time period.
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at the top of each time period.

[0096] In Figure 16H, the continuing sequence of tote moves of portion 1600H has time
periods labeled 1644, 1645, 1646, 1647, and 1648, with the actions and accumulated times listed

at the top of each time period.

[0097] In Figure 161, the continuing sequence of tote moves of portion 16001 has time
periods labeled 1649, 1650, 1651, 1652, and 16543, with the actions and accumulated times
listed at the top of each time period.

[0098] Figure 17 is a guide 1700 indicating the number of index positions that a vertical
index conveyor (VIC) (such as vertical conveyor 920, for example) is required to move as a part

of the software algorithm defined in section 5.15 (timing) as set forth below

[0099] In some embodiments, the present invention provides a fulfillment center
automation (FCA) solution. The present invention described herein successfully fills a need in
the fulfillment / warehouse automation sector by automating a “picker-to-goods” solution that
provides performance comparable to, or better than, that of any other system currently in use,
inclusive of Amazon's Kiva® automated “goods-to-picker”” approach (such as described in
United States Patent 7,402,018 to Mountz et al., United States Patent 7,826,919 to D'Andrea, et
al., United States Patent 7,850,413 to Fontana, United States Patent 7,873,469 to D'Andrea, et
al., United States Patents 7,894,932 and 7,894,933 to Mountz, et al., United States Patent
7,912,574 to Wurman, et al., United States Patent 7,920,962 to D'Andrea, et al., United States
Patent 8,220,710 to Hoffman, et al., United States Patent 8,239,291 to Hoffman, ct al., United
States Patent 8,311,902 to Mountz, et al., United States Patent 8,483,869 to Wurman, et al.,
United States Patent 8,538,692 to Wurman, et al., United States Patent 8,649,899 to Wurman, et
al., United States Patent 8,798,786 to Wurman, et al., United States Patent 8,805,573 to Brunner,
et al., United States Patent 8,831,984 to Hoffman, et al., United States Patent 8,965,562 to
‘Wurman, et al., United States Patent 8,972,045 to Mountz, et al. United States Patent 9,009,072
to Mountz, et al., and United States Patent Application Publication 20070017984 to Mountz et

al., each of which is incorporated herein by reference).

[00100] The successful application of an automation of a picker-to-goods vehicle to a fully
automated order fulfillment system where the goods the picker takes from the warehouse shelves
in an aisle are automatically transported from that pick location to their ultimate warehouse
destination, thus allowing the picker to proceed immediately to the next pick location as opposed
to delivering the picked item to a minimum of the end of the aisle as current implementations

dictate has, heretofore, not been addressed and that is the foundation of the present invention's
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solution. This includes the automated retrieval of said goods from the picker’s location and the

software system to coordinate all the required actions in an optimal sequence.

[00101] While the system performance of the present invention is comparable to or better
than that of conventional systems, the present invention addresses other issues that are
fundamental weaknesses which exist with the approach of conventional systems. One of the
most significant of those is volumetric efficiency. In some embodiments, the present invention
is able to make use of every available vertical cubic foot in a warehouse, whereas conventional
systems are limited to ergonomic work heights at floor level. In addition, conventional systems
have limitations relative to high-throughput warehouses like those of many customers —

limitations that do not exist with the system of the present invention.

[00102] With the added volumetric efficiency provided by the present invention's system,
utilization of the invention enables customers to forego the building of new warehouses that
would otherwise be required with more conventional approaches. The present invention is also
able to integrate the restocking function into a picker's normal routine. This results in a much
more efficient use of personnel since separate stockers are no longer required and no dedicated
restock trips are necessary. As a result, the personnel required to operate the present invention is
absolutely minimized. This also creates a much more ergonomic solution for pickers compared

to a more traditional approach.

[00103] Insummary, the system of the present invention provides the customer for the
equipment of the present invention ("Equipment Customer”) an optimized state-of-the-art
warehouse automation solution that provides immediate inherent benefits over all other picker-
to-goods systems currently available (inclusive of those utilized under the approach in the
above-cited patents and patent application) and a superior cost/performance ratio as compared to
other automated goods-to-picker systems currently available. In addition, the efficiencies gained
by implementing the present system will continue to be augmented at the Equipment Customer’s

location as future system improvements and developments are incorporated.
[00104] 1. THE FCA PERFORMANCE

[00105]  After an engineering study, the present system as shown in the layout of Figure 5
was tailored so that the Fulfillment Center Automation (FCA) will process 66,800 shipments per
day at peak rate, with all ratios and shipment timing profiles similar to those shown in the
prototypical dataset. This statement is based on the following assumptions.

e 100,000 SKU's with SKU distribution similar to that seen in the prototypical dataset.

e 15 aisles with an optional 16th aisle
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e 3 tote sorties (2x4 slug matrix)
e  The 1,340 totes/hour limit on incoming and outgoing tote conveyors will not hinder the
system
o Equipment Customer must staff the replenishment and problem-solving areas
appropriately and respond in a timely manner to any blocked or starved

condition.

[00106] 2. THE FCA PROCESS

[00107] This section describes the key processes that implement the FCA (fulfillment center

automation) function.

[00108] Warchouse Management System

® The Warehouse Management System (WMS), supplied by Equipment Customer,
interfaces with the FCA via a web-based interface. The interface is bi-directional and
handles all interaction between the two subsystems. The primary functionality provided
through this interface is as follows:
o  WMS supplies SKU information (dimensions, weight, description, image,
velocity, etc.) to the FCA.
o WMS ‘downloads’ shipment orders to the FCA for it to fulfill.
o  WMS provides tote status and data for totes entering the FCA.
o FCA updates the WMS on bin usage (SKUs and SKU quantity in each bin).
o FCA updates the WMS as tote status and data changes occur within the FCA.
o FCA updates the WMS as shipment statuses change.
e  FCA requests unique batch ID’s from the WMS each time a batch is created.

[00109] Pick Process Description

e The PAV has two incoming conveyors. At the end of each conveyor is a mechanism
that presents each incoming tote to the human operator and also transfers each outgoing
tote to the outgoing conveyor below. There is a tote barcode scanner at each
mechanism. There is also a lighted touch-switch (zero force capacitive switch) next to
each mechanism.

e The PAV will index an incoming tote onto the mechanism.

® The barcode will be scanned and the tote information looked up in the plan data. The
tote information will include the type of tote (e.g., shipment, restock, unload), human-

centric bin designation, bin X/Z coordinates, SKU, quantity, and any additional data
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required for the PAV operation.

o Note that there are two tote mechanisms so while the human operator is working
on one tote, the other tote is typically being brought in and scanned. Thus, the
data for the next tote is typically known before the human operator completes
work on the current tote.

e [f the next bin location requires PAV motion, the PAV will do the following:

o The system will indicate the upcoming motion to the human operator in several
ways, simultaneously.

*  The bin designator for the next bin will be displayed visually on the
human-machine interface (HMI).

*  The general direction and distance of the motion will be indicated on the
HMIL (The Figures (e.g., Figure 1A and Figure 4) show a side view of
the PAV and display a big arrow at roughly the angle of motion.)

o The human operator will initiate the motion by grasping both hold-to-run
handles and both feet on each of two sensor mats. This is the operator’s
acknowledgement that they have their body away from the bins, are in a stable
stance, and otherwise prepared for the motion.

o Both hold-to-run handles must remain grasped and both feet in place through the
completion of the motion or the PAV will stop.

e The PAV will indicate the next pick, stow, or unload action to the human operator in
several ways, simultaneously.

o The tote (left or right) will be identified by turning on an indicator light next to
the tote.

o The HMI will display the action to be performed, giving full detail, including:

* Indicator for left or right tote.
*  Action to perform (e.g., Pick, Unload, Stow).
*  SKU identifier.
*  SKU description.
*  SKU image.
*  Quantity (“ALL” for Unload).
*  Bin designator.
e  The human operator will perform the requested action.
o Note that in the case of a pick or stow, the human operator may use the HMI

(such as HMI 261 of Figure 2B) to indicate a quantity less than the requested
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quantity prior to indicating that the action was completed. This is discussed
further in the section on exception handling, below.
e  The human operator will verify that they operated on the correct tote in either of two
ways:
o By touching a capacitive (zero force) switch next to that tote.
o By touching the tote indicator on the HMI.
e This is also the signal to the PAV that this tote can be moved to the outgoing conveyor.
e  The other tote should already be in position, so as soon as the human operator indicates
that the action is completed, the PAV will initiate the next action in the sequence (move

or human-operator action).

[00110] Outbound Totes
e A tote will exit the system if any of the following conditions are met:
o Any shipment within the tote is approaching Critical Pull Time (CPT) and must
exit in order to make it to pack-out in time.
o The tote has reached the maximum fill limit by volume.
o The tote has reached the maximum fill limit by weight.
¢ Totes exit onto an outgoing tote buffer conveyor that connects to the tote outgoing
conveyor.
* A manual load/unload ‘stop’ on the buffer conveyor can be used to remove totes if the
buffer is overrun with too many outgoing totes and to reintroduce those totes once the

overrun condition has been relieved.

[00111] Restock, Replenishment and Problem-Solving Spurs
¢ Inbound restock

o Restock totes will be delivered to the FCA (fulfillment center automation) from
the first floor via the tote-conveyor system (such as a conveyor available from
Bowoo System Corporation of Korea (see
bowoosys.koreasme.com/en/index.html).

o Restock totes will be diverted to a buffer conveyor that connects to the
configurator.

o A manual load/unload ‘stop’ on the buffer conveyor can be used to remove totes
if the buffer is overrun with too many restock totes and to reintroduce those totes
once the overrun condition has been relieved.

e  Replenishment
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[00112]

[00113]

o Replenishment reserve pallets will be delivered to the fourth floor via the
elevators and staged near the FCA.

o Operators will utilize the manual load/unload ‘stop’ on the incoming empty tote
buffer conveyor to retrieve empty totes as needed.

o  Operators will load replenishment stock into these empty totes and use a
customer-supplied tool to associate the replenishment SKU’s and quantities with
the tote.

o  The replenishment totes will be loaded into the FCA via the manual load/unload
‘stop’ on the restock buffer conveyor.

Empty totes

o Empty totes will be delivered to the FCA from the first floor via the tote
conveyor.

o Empty totes will be diverted to a buffer conveyor that connects to the
configurator.

o A manual load/unload ‘stop’ on the buffer conveyor can be used to remove totes

if the buffer is overrun with too many empty totes and to reintroduce those totes

once the overrun condition has been relieved.

No-read and problem-solving spur

e}

5.

Any tote within the FCA with an unreadable barcode or which has been marked
as a ‘problem tote” will be diverted to this spur.

The human operator will scan the tote barcode and will be presented with all
known information about the tote.

For totes that contain damaged/reject product, the human operator will unload
the product, ensure the tote is clean, and reintroduce the now empty tote to the
FCA using the manual load/unload ‘stop’ on the empty tote buffer conveyor.

For any tote that is not being emptied, the human operator will address the
problem, update the tote status via a customer-supplied tool, and then reintroduce
the tote to the FCA using the manual load/unload ‘stop’ on the restock tote

buffer conveyor.

FCA SYSTEM TECHNICAL DESCRIPTION

In some embodiments, the FCA (fulfillment center automation) system includes

basic mechanical mechanisms controlled by proprietary software creating an efficient process of

order fulfillment. In some embodiments, the FCA system includes the following:
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[00114] Database
® This sub-system is the core of the FCA. Its major software components are the
database, the FCA application itself and a web server.
o Functionality:

*  Maintains local knowledge of bin data. This data includes bin type,
SKU’s, and quantity of each SKU.

*  Maintains local knowledge of shipments and restock/replenishment.

*  Maintains local knowledge of tote data. This data includes tote status,
SKU’s, and quantity of each SKU.

" Manages the relationship between totes and the operations that are to be
performed (i.e., picks and stows).

* Forms and manages batches as directed by the Scheduler application.

* Provides a system interface via web services. The web server is the
interface to the other FCA sub-systems and to the outside world (e.g., the
WMS).

* Interacts with the WMS to keep both systems updated on bin, tote, and
shipment status/data.

»  Keeps performance and loading statistics about the system.

o Implementation:

* The database application is built in SQL Server.

* The database server is built as a pair of redundant servers, providing
failover capability.

*  The FCA application is built using an ASP.NET Core application hosted

on IIS as the web server.

[00115] Scheduler

[00116] This sub-system is responsible for planning how and when all operations (e.g., picks
and stows) are to be performed.
¢ Functionality
o Looks at all known outstanding operations (e.g., picks and stows), all bin data,
and all applicable tote data and forms the most efficient plan that it can to
perform those operations. The plan determines the order (sequence) and timing
of the operations as well as where (bin) the operations are to be performed and

which tote 1s to be used.
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o Determines what operations can be combined into batches in order to improve
overall system efficiency, in terms of both throughput and tote utilization. This
primarily combines pick operations to maximize average tote utilization (i.e., to
maximize product volume per tote) while accommodating other system
constraints (e.g., meeting CPT’s).

® [mplementation

o The core functionality of the scheduler is written as a number of genetic solver
algorithms. These operate by generating a set of possible plans, taking the top
‘n’ best plans, and then mutating each of these plans to form the next generation.
The process repeats continuously, driving toward the optimal plan, and evolving
as the real world situation evolves.

o The scheduler is written to be highly parallel, with many instances of the same

processes spread across many physical and virtual CPU cores.

[00117] Configurator

[00118] This sub-system is responsible for controlling tote movements according to the plans
provided by the Scheduler.
¢  Functionality
o Requests aisle-specific plan information from the scheduler for each aisle and
routes the appropriate totes to those aisles to fulfill the plans.
o Re-orders totes within each sortie (group of totes intended to make up one load
for the tote shuttle) according to the sequence specified in the plan.
o Manages injection of empty and restock totes into the main configurator loop
according to the current/anticipated needs of the system.
¢ [mplementation
o State-based machine logic written in Beckhoff TwinCat structured text, running
as a hard, real-time process within the TwinCat runtime.
o  Beckhoff industrial PC hardware.
e Conveyor system
o Buffers, sequences, and distributes totes to the PAV aisles utilizing various
standard material handling technologies. The totes received from the PAV’s are

then either routed to another aisle or sent to packout.

[00119] Tote Shuttle
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[00120] Tote Shuttles transfer totes between the configurator and the PAV’s.
¢  Functionality
o Receives a ‘sortie” of unprocessed totes from the configurator and returns a load
of processed totes to the configurator.
o Looks ahead to determine the best place and time to couple with the PAV.
o At the appropriate time, executes an approach move to bring itself close to the
PAYV. Then executes coupling move when the PAV is in the planned coupling
position.
o Transfers a sortie of unprocessed totes to the PAV and receives processed totes
from the PAV.
o Uncouples from the PAV and returns to the configurator to repeat the process.
¢ [mplementation
o State-based machine logic written in Beckhoff TwinCat structured text, running
as a hard, real-time process within the TwinCat runtime.

o Beckhoff industrial PC hardware.

[00121] PAV
® PAV’s position the human operator and the totes according to the sequence specified in
the scheduler plan.
o Functionality
» Reads the barcode on each tote.
®»  Interfaces with the FCA (fulfillment center automation) database to
verify/retrieve the necessary tote, bin, and SKU information.
*  Positions the cab so that the human operator has access to the specified
bin(s).
*  Directs the human operator to perform the required operation(s) related
to the tote being processed.
»  Performs data updates to reflect the completed operations, including
exception handling.
o Implementation
*  State-based machine logic written in Beckhoff TwinCat structured text,
running as a hard, real-time process within the TwinCat runtime.
* .Net HMI (human-machine interface) application running as a non-real-
time process on the same controller PC.

= Beckhoff industrial PC hardware.
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[00122] Utility Requirements for some embodiments

®  Power requirements for one embodiment are estimated in Table 1 (for a PAV), Table 2
(per tote shuttle vehicle), and Table 3 (per aisle) and Table 4 (total power estimate for

the aisles and equipment including the configurator sections).

Equipment Customer will provide power drops to the appropriate main enclosures:

o One at the end of each aisle

o One at the main enclosure for the configurator

General Power Requirements Estimate for the FCA System are as follows

[60123] Per Picker Automated Vehicle (PAV)
Table 1
QTY| Amps Each| Total Amps| Device(s)
2 25.8 51.6 Traction (X Axis) Servo Drives
2 28.5 57 Operator/Conveyor (Z Axis) Lift Servo Drives
1 10 10 Tote Tilt Loading Mechanism Servos (2 motors on 1 Drive)
1 7.6 7.6 Human Operator Area Heater
1 2.65 2.65 380-VAC to 120-VAC transformer
1 17 17 Conveyor System
1 2 2 24-VDC Power Supply
1 7.5 7.5 Miscellaneous Power Consumers Including Safety Factor
155.5 Approximate Total 380-VAC Power in Amps
[00124] Per Tote Shuttle Vehicle
Table 2
QTY [Amps Each| Total Amps| Device(s)
2 25.8 51.6 Traction (X Axis) Servo Drives
2 25.8 51.6 Conveyor (Z Axis) Lift Servo Drives
1 2.65 2.65 380-VAC to 120-VAC transformer
1 17 17 Conveyor System
1 2 2 24-VDC Power Supply
1 7.5 7.5 Miscellaneous Power Consumers Including Safety Factor
132.5 Approximate Total 380-VAC Power in Amps
[00125] Per Aisle
Table 3
QTY |Amps Each| Total Amps| Device(s)
1 2.65 2.65 380-VAC to 120-VAC transformer
1 2 2 24-VDC Power Supply
1 2.5 2.5 Miscellaneous Power Consumers Including Safety Factor
7 Approximate Total 380-VAC Power in Amps
[00126] Total Power Estimate for the Aisles and Equipment including the Configurator
Sections
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Table 4

QTY [Amps Each| Total Amps| Device(s)

16 155.5 2488 PAYV Power Requirements

16 132.5 2120 Tote Shuttle Vehicle Requirements

16 7 112 Aisle Power Requirements

1 540 540 Approximate Power needs for the Configurator
5260 Approximate Total 380-VAC Power in Amps

e Compressed Air
o Equipment Customer will provide clean, dry compressed air at a rate of _ CMM
(cubic meters per minute) (__CFM (cubic feet per minute) @ _ MPa (million
Pascals (__PSI (pounds per minute)).
o Equipment Customer will plumb the air to a designated location adjacent to the
configurator.
e Server
o Equipment Customer will provide a climate controlled room for the FCA

hardware

[00127] Labor Estimates
® Labor estimates for the FCA are initially planned at 21 people per shift and set as
follows. (notated per shift)
o 3 Replenishment, Empty tote and restock tote management and problem-solving
area (average ranging from 3-5)
o 16 PAV operators
* Note that some operators on the PAV may be sensitive to the repeated
stop/go motion experienced during normal operation. They may want to
rotate to other stationary tasks in the FC. This is a personal preference
situation and the rotation process should be determined by Equipment
Customer’s labor leadership team.
* 1 System technician

* ] Maintenance/repair technician

[00128] 6. FCA DEVELOPMENT AND ENGINEERING STUDY

[00129] An engineering study was conducted to validate the early concepts and ideas of the
picker-to-product concept. The study contained two parallel courses of action, development of
the mechanical design and development of the software. The mechanical development included

several prototyping efforts. The software development utilized simulation activities and the

35



WO 2018/068026 PCT/US2017/055667

creation of a testbed which, driven by real data provided by Equipment Customer, mirrored real-

world order/shipment patterns as well as tote flow on the configurator conveyors.

[00130] The Testbed

[00131] The testbed incorporates the actual FCA (fulfillment center automation) database,

scheduler, and PLC logic, along with simulated conveyor and vehicle hardware to provide a

fully operational system for use in both testing functionality and evaluating performance.

¢ Functionality

e}

e}

The core software functionality is provided by the actual applications and so this
functionality is as described in the related sections above.

Configurator hardware simulation PLC code mimics the timing of tote motions
based on the real conveyor speeds and timing as provided by the manufacturer.

PAYV and tote shuttle hardware simulation PLC code mimics the tote motions as
with the configurator, but also mimics the timing, speed, and position feedback
of the servo motors.

Human Operator interaction is simulated using functions that calculate the
operation completion time based on a number of variables including the number
of items being picked/stowed and the number of SKU’s mixed in the source and
target bins and totes. These calculations were derived based on empirical data

from trials performed within a PAV and aisle mock-up.

e Implementation

e}

The Applicant is running the real scheduler application on the actual scheduler
server hardware, the real FCA database application on the actual FCA server
hardware, and the actual PLC code within TwinCat.

The physical configurator, PAV and tote shuttle hardware are simulated by
temporary low-level PLC code that mimics the 10 responses and timing that the
Applicant expects from the actual hardware.

The WMS is simulated by a .Net application that generates shipments and
restock according to statistical data gathered from the prototypical data sets. It
very closely mimics the timing and nature of the shipments, with each day of the
week having its own distinct profile. The WMS simulator also gathers statistical
data for analysis of performance.

In some embodiments, a visualization application, written in .Net, provides a
visual representation of individual tote, PAV, and shuttle motions; and also

gathers statistical data for analysis of performance.
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[00132] Mechanical Prototypes

[00133] As part of the engineering study several prototypes were constructed.
e PAV Picker Platform
o A prototype included two sets of opposing shelves and a simulated PAV on
caster wheels to mimic a PAV aisle. It was used to develop the picking process,
tact time and basic ergonomic design of the picker platform. It was placed in a
simulated aisle to conduct various timing studies of the picking process to
understand and refine the process of picking SKU’s into the totes. Although
simplistic in design and construction this prototype proved to be very valuable.
e Tote Tilt
o  This mechanism is used on the PAV to present totes to the picker. This prototype was
used to develop both how totes are presented to the picker as well as validate the
mechanical design. Testing this was instrumental in determining how the depth of

SKU’s in the tote are affected by the angle of the tote when it exits.

[00134] Fulfillment Center Automation System Functional Specification

[00135] This functional specification provides a high-level description of the functionality to
be provided by the System-as-a-Whole (SAAW) portion of an automated fulfillment center.
This functional specification also establishes a common set of terminology for use in further
documentation and communication regarding the SAAW and its functionality. Additional
design documentation provides further detail to guide the customer’s interface implementation.
The size, weight, numbers, combinations of features, and the like as specified herein represent

parameter values for some embodiments. Other embodiment may use different values.

[00136] 1.0 System Overview

In some embodiments, the Fulfillment Center Automation (FCA) system downloads
specifications for shipment orders (i.e., order information that defines Stock-Keeping Units
(SKUs) that are to be shipped in each one of a plurality of shipments to be made to customers)
from the Warehouse Management System (WMS) and fulfills those shipments from the
available stock within the FCA warehouse while meeting required shipment times. The FCA

system also handles restock and replenishment.

Figure 4 is a perspective view of a Picker Automated Vehicle (PAV) 401, Tote Shuttle 402, and

bins 403, according to some embodiments of the present invention.
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Figure 5 is a plan view of an FCA warehouse 501, according to some embodiments of the

present invention.
[00137] 1.1 In some embodiments, SAAW 500 includes the following major subsystems:

[00138] 1.1.1 Configurator 510 for some embodiments

1.1.1.1 This refers to the collection of conveyors that receives empty and restock
totes from the Fulfillment Center (FC), configures sorties of totes to be processed within the
aisles, and delivers completed totes back to the FC for re-bin and pack-out. There are three
primary functions of the Configurator 510. They are 1) to place the totes in the correct sequence
that allows the picker on the Picker Automated Vehicle (PAV) 401 to travel an optimized path
to minimize their pick time, 2) to transfer partially filled totes between aisles so complete orders

can ultimately be attained and 3) to store totes prior to them being required in any given aisle.

[00139] 1.1.2 Database 521 and Scheduler 522 for some embodiments

1.1.2.1 These software applications interface with the WMS to receive shipment
orders, develop plans for efficient processing of picks and stows, and maintain system
knowledge of bin and tote status/data at all times. These applications also automatically manage
the slotting of Stock-Keeping Units (SKUs) to bins within the FCA-controlled portion of the

warehouse in a way that optimizes overall efficiency and throughput.

[00140] 1.1.3 Tote Shuttle 530 for some embodiments
1.1.3.1 Tote Shuttles 402 transfer totes between the Configurator 510 and the
Picker Automated Vehicles (PAVs) 401.
1.1.3.2 Functionality for some embodiments
1.1.3.2.1 Receives a ‘sortie’ of unprocessed totes from the
Configurator and returns a load of processed totes to the Configurator.
1.1.32.2 Looks ahead to determine the best place and time to couple
with the PAV.
1.1.3.2.3 At the appropriate time, executes an approach move to
bring itself close to the PAV and then executes a coupling move when the PAV is in the planned
coupling position.
1.1.32.4 Transfers a sortie of unprocessed totes to the PAV and
receives processed totes from the PAV.
1.1.3.2.5 Uncouples from the PAV and returns to the Configurator
to repeat the process.

1.1.3.3 Implementation used for some embodiments
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1.1.3.3.1 State-based machine logic written in Beckhoff TwinCat
(see www.beckhoff.com/english.asp?twincat/default.htm) structured text, running as a hard,
real-time process within the TwinCat runtime.

1.1.3.3.2 Beckhoff industrial PC hardware.

[00141] 1.14 Picker Automated Vehicle (PAV) 401

1.1.4.1 PAV’s position the operator and the totes according to the sequence specified in the
scheduler plan.

1.1.4.2 Functionality for some embodiments

1.1.4.2.1 Reads the barcode on each tote.

1.1.4.2.2 Interfaces with the FCA database to verify/retrieve the necessary tote, bin, and

SKU information.

1.1.4.2.3 Positions the cab so that the operator has access to the specified bin(s).

1.1.4.2.4 Directs the operator to perform the required operation(s) related to the tote being
processed.

1.1.4.2.5 Performs data updates to reflect the completed operations, including exception
handling.

1.1.4.3 Implementation for some embodiments

1.1.4.3.1 State-based machine logic written in Beckhoff TwinCat structured text, running
as a hard, real-time process within the TwinCat runtime.

1.1.43.2 .Net HMI application running as a non-real-time process on the PC controller.

1.1.4.3.3 Beckhoff industrial PC hardware.
[00142] 2.0Terminology for some embodiments

[00143] 2.1Aisle 511 —The space between two storage racks in which the picker operates.

Two aisle faces are exposed to the picker when the picker is within an aisle.

[00144] 2.2 Allocated Items — Items in specific bin locations that are allocated to pick
requests or unload requests in the current plan. These Items are essentially off limits when

planning subsequent picks or unloads.

[00145] 2.3Bin Data — Data managed by the FCA 501 that identifies what SKU is associated
with each bin location. This includes the quantity of each SKU at each bin location. It also
includes the aisle, the aisle face, bin type, and the X, Z coordinates of the bin within the aisle

face, with (0, 0) being the bottom corner of the aisle face nearest the configurator.

[00146] 2.4CPT — Critical Pull Time — This is the WMS-supplied Ship Date minus the

Packout Delay and represents the last possible moment that the fulfilled shipment should leave
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the fourth floor.

[00147] 2.5Configurator 510 — A system of conveyors that manages totes and routes them to
spur conveyors in order based on the plan produced by the Scheduler. The three primary

functions are to sequence the totes, store the totes, and transfer the totes between aisles.

[00148] 2.6Drop Time — Date/Time at which a shipment is available for download from the
WMS to the FCA.

[00149] 2.7FCA - Fulfillment Center Automation (FCA) system 501 — Refers to the SAAW
system that downloads shipments from the WMS, interacts with the Scheduler to schedule
fulfillment, tracks local bin data and tote data, and keeps the WMS updated. It also essentially
acts as the communications hub between the PLC’s, FCA database, Scheduler, and WMS. The
term FCA is also used to refer to the fulfillment center automation in its entirety (i.e., including

all physical hardware).

[00150] 2.8Inbound Restock — Stock that is moved directly from the receiving area to the

pick areas without being buffered in the reserve area.
[00151] 2.9Item — A single unit/piece of a given SKU.

[00152] 2.10 Left/Right — When used in reference to PAV sides, aisle faces, and
configurator spurs, ‘left” and ‘right’ are as viewed by the operator in the PAV when facing the

configurator.

[00153] 2.11 Load Handling Device (LHD) — A mechanical device that can transfer a

load laterally in either direction off a central axis.

[00154] 2.12 Mini-ASRS — Tote storage device that utilizes a gantry crane and load

handling device to be able to automatically store and retrieve totes from shelves.

[00155] 2.13 Mini-ASRS / Sequencer — Tote storage device that utilizes a novel
concept to cost reduce a traditional Mini-ASRS, provide increased performance, and implement
a cost reduced sequencer to ultimately eliminate the Configurator from an embodiment of this

solution. This results in one preferred embodiment.

[00156] 2.14 Minimum Guaranteed Shipment Lead Time — This is the minimum
shipment lead time that the system is able to handle under normal conditions (i.e., when the

entire system is running normally and is fully staffed with qualified operators).

[00157] 2.15 Order — A K1 customer creates an order which the WMS breaks into one

or more Shipments. Orders are only handled at the level of the WMS and are not downloaded to
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the FCA.

[00158] 2.16 Pack-out Delay — Configurable delay time representing the estimated
amount of time from when a fulfilled shipment exits the FCA to when it should arrive at the

truck (i.e., inclusive of all conveyor travel time and pack-out operations).

[00159] 2.17 Pick Rate — The average time required for a picker to complete a single
pick in a sequential series of continuous picks. This sequential series needs to be able to be

replicated over any time period such that the pick rate does not increase.

[00160] 2.18 Pick Request — A request that specifies a number of Items of a particular
SKU that are to be picked for a shipment.

[00161] 2.19 PAYV — Picker Automated Vehicle — Picker ‘cab’ and its associated drive

mechanism that transports and positions the operator within an aisle.

[60162] 2.20 Restock Request — A request to stow a number of Items of a given SKU
into the system. This generic term covers both Inbound Restock from the receiving area and

Replenishment from the reserve area.

[00163] 2.21 Replenishment — Stock that is held in the reserve area and moved to the

pick areas upon request from the WMS.

[00164] 2.22 Request or Request Record — Used to refer to Pick, Restock, and Unload
requests that originate from the WMS and essentially make up the list of tasks that the FCA

must complete.
[00165] 2.23 Reserve — Floor area where replenishment stock is queued.

[00166] 2.24 Scheduler — SAAW application that takes the list of current pick requests,

restock requests, and unload requests and schedules them to configurator spurs/PAV’s.

[00167] 2.25 Sequencer — A system that can reconfigure the current order of totes on a

conveyor to ensure they are in a required specific sequence.

[00168] 2.26 Shelving Unit — An assembly consisting of framework and shelves
extending from the floor to the full rack height. Shelving units are placed side by side to form

an aisle face.

[00169] 2.27 Ship Date — Date and time supplied with each WMS shipment record that

represents the time at which the shipment must arrive on the shipping dock.

[00170] 2.28 Shipment — One or more Pick requests that are intended to be placed into
a single shipping box.
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[00171] 2.29 Shipment Lead Time — This is the amount of time from shipment Drop
Time to shipment CPT.

[00172] 2.30 SPAYV - Simplified Picker Automated Vehicle — PAV with the tote

storage mechanism removed.

[00173] 2.31 System as a whole (SAAW) — In the document below, the general term
‘SAAW’ will be used to refer to the system as a whole (i.e., FCA, Scheduler, Configurator, Tote
Shuttles, PAV’s, etc.).

[00174] 2.32 Tote — Plastic tote is 600-mm long x 400-mm wide x 323-mm tall at the

rim with a 505-mm long x 335-mm wide footprint. Tote capacity is 35 kg. Totes can be nested.

[00175] 2.33 Tote Shuttle — Mechanism that shuttles totes between the configurator and
the PAV.

[00176] 2.34 Unload Request — A request to pick a number of Items of a given SKU
from a bin location, and which is not associated with a shipment. This might be used to remove

a SKU from a bin in preparation for slotting a different SKU to that bin.

[00177] 2.35 Vertical Elevator — A mechanical device that can transport a load from

one vertical position to another vertical position along a single vertical axis.

[00178] 2.36 Vertical Indexing Conveyors (VICs) — Vertical conveyors that move their
loads between predetermined vertical positions only. These positions are separated by equal
distances (the index value) over the height of the conveyor. These conveyors typically do not
have mechanisms that can initiate the horizontal movements of their loads. As such, their loads

are typically pushed or pulled off the conveyor

[00179] 2.37 WMS — Warehouse Management System (WMS) 550 — Refers to the
customer-supplied system that manages shipments, maintains SKU definitions, handles restock

and replenishment, and provides problem solving functionality.
[00180] 3.0Facility/Site Accommodations
[00181] 3.1Electrical Power

[00182] 3.1.1 Power: 380-VAC 3-phase delivered via Wye connection. The Wye is

required by the servos.

[00183] 3.1.2 Equipment Customer will provide power drops to the appropriate main
enclosures

3.1.2.1 One at the end of each aisle
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3.1.2.2 One at each of three main enclosures for the Configurator

[00184] 3.1.3 Power Requirements Estimate for the FCA System

3.1.3.1 The power estimates reflect the SAAW running at full power under worst-case
operational scenarios. It is anticipated that a significant power savings will be experienced once
the FCA is running in normal operation and optimized for the application. Based on reviewing
the results from simulations and realistic expectations of FCA operations, it is estimated that
normal running conditions may only require 3,500 amps of current at 380-VAC. During the
summer months, when the heaters are not in use, current usage is anticipated to be slightly less,

approximately 3300 amps.
[00185] 3.2Compressed Air

[00186] 3.2.1 Equipment Customer will provide clean, dry compressed air at a rate of
40.5 CF'M @ 60 PSIL.
3.2.1.1 Equipment Customer will plumb the air to a designated location adjacent to the

Configurator.

[00187] 3.3 Controls Infrastructure

[00188] 3.3.1 Server room with adequate cooling
[00189] 3.3.2 UPS power

[00190] 3.33 Rack

[00191] 3.34 Network infrastructure (managed switches, cabling) to connect from our

FCA database server (downstairs) up to a switch at the line (upstairs).

[00192] 3.35 K1 managed switch should isolate the FCA/Configurator network traffic

from all other plant network traffic.

[00193] 34 Aisles

[00194] 34.1 Clear vertical space from floor to top of PAV: 5.25 m
[00195] 342 Height of shelving: 5.0 m

[00196] 3.4.3 Open space between aisle faces: 1.6 m

[00197] 3.5 Environmental

[00198] 3.5.1 Temperature: 0-40°C (32-104°F)

[00199] 3.6Maintenance Crib
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[00200] 3.6.1 It is recommended that Equipment Customer purchase the maintenance
crib and spare parts inventory described in section 3.1.4. The crib would include the following.
3.6.1.1 Fencing for 10 by 20-meter work area
3.6.1.2 Shelving for spare parts
3.6.1.3 Work benches, vises & various hand tools
3.6.1.4 Basic power tools — drill, impact wrench, etc.
3.6.1.5 Two advanced laptops running TwinCAT 3.1 software
3.6.1.6 Multi-meter, oscilloscope, crimpers & other miscellaneous electrical tools
3.6.1.7 Does not include a fork lift or other lifting device for component material

handling.

[00201] 3.6.2 Spare parts inventory
3.6.2.1 At the time of order, SAAW will provide Equipment Customer with a
recommended spare parts list. These spare parts will be securely stored in the maintenance crib

for quick repair of the FCA equipment.
[00202] 4.0Top-level System Functional Requirements

[00203] 4.1System is to handle only small Items that will fit into the specific bin sizes and

totes that have been identified for use in this system.
[00204] 4.1.1 No Items requiring refrigeration.

[00205] 4.12 No drugs (i.e., no life-threatening ramifications to getting a shipment

wrong).
[00206] 4.1.3 No hazardous Items/materials.

[00207] 4.2System will handle shipments (each made up of one or more pick requests),

restocks, and unload requests.
[00208] 4.3Shelving units will all be of type B or type D.

[00209] 4.3.1 Shelf vertical spacing may be adjusted to match the various bin types

being used.
[00210] 4.3.2 Only one bin type may be used within any given shelf.

[00211] 4.3.3 The number of bins on a shelf will always be either 1 (entire shelf is 1

‘bin’) or the maximum number of bins for the given bin type.

[00212] 5.0System Functional Description
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[00213] 5.1FCA & Scheduler Functionality

[00214] 5.1.1 The system will maintain local records for:
5.1.1.1 Active Shipments and their underlying Pick requests.
5.1.1.2 Active Restock requests.
5.1.1.3 Active Unload requests.
5.1.1.4 Tote status
5.1.1.5 Current tote sequencing plan.

5.1.1.6 Bin data, including SKU assignments and SKU quantities

[00215] 5.1.2 Request records will include the original data as provided by the WMS

plus additional status information as required by the scheduler, configurator, and PAV’s.

[00Z216] 5.1.3 As the WMS receives orders, it will divide each order into some number
of shipments and will notify the FCA of the shipments that the FCA 1is to fulfill.

[00217] 5.14 For inbound restock from receiving and replenishment restock from
reserve, as the restock items are loaded into totes that are destined for the FCA, the WMS will
notify the FCA of the restock tote, providing the location at which it was loaded (so that travel
time can be predicted), the timestamp at which the tote was released onto the conveyor, the tote

ID, the SKU(s), and the quantity for each SKU.

[00218] S5.1.5 The FCA will maintain bin data, which includes SKU to bin assignments,
bin type, current quantity of each SKU in each bin, and the bin X, Z coordinates within the aisle

face.

[00219] 5.1.5.1  Note that not all bins will have SKU’s assigned. These unassigned bins
will be used to support dynamic SKU assignments as needed. More detail is given in the bin

data discussion.

[00220] 5.1.6 The scheduler will continuously analyze all current active shipment,
unload, and restock request records, in combination with the bin data and the currently existing
tote sequencing plan. This analysis will produce a new tote sequencing plan that encompasses
all aisles/PAV’s and evolves as needed to allow for the changing state of the overall system
status and inputs.

5.1.6.1 The overall goal of the scheduler will be to come up with a plan that results in a
high overall throughput while not violating any hard constraints (e.g., CPT).

5.1.6.2 The list of ‘active’ requests to be analyzed includes all outstanding requests that

have not yet been fulfilled, including those already existing in the tote sequencing plan.
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5.1.6.3 At each point in the analysis, the SKU quantity remaining in each bin will take
into account the current quantity and all pick requests, unload requests, and restocks that exist in
the sequence being analyzed.
5.1.6.4 As shipment and unload requests are downloaded from the WMS, special status
changes such as cancelling an order, etc. will be taken into account in the tote sequencing plan.
5.1.6.5 The scheduler will know what totes are currently physically on the PAV, on the
tote shuttle, and in the queue lanes for a given aisle.
5.1.6.5.1 Empty totes can be used to fulfill any new shipment request.
5.1.6.5.2 A restock tote that is emptied by the operator will be released back
onto the configurator and will be used as an empty tote.
5.1.6.6 The ‘rules’ being applied by the scheduler in its analysis can be thought of as two
basic types, ‘constraints’ and ‘optimizations’.
5.1.6.6.1 Constraints are generally logical conditions that are applied to
determine if a solution is valid or not.
5.1.6.6.2 Optimizations are generally used in mathematically comparing
solutions to find the ‘better’ solution out of multiple possible solutions.
5.1.6.7 Constraints will include consideration of the following:
5.1.6.7.1 A restock must be sequenced ahead of a pick request that would
take the SKU quantity below zero.
5.1.6.7.2 A given tote cannot be in two aisles at the same time. More
specifically, the aisle to aisle timing must take into account the expected aisle to aisle travel time
for the tote.
5.1.6.8 Optimizations will include consideration of the following:
5.1.6.8.1 The time that it takes to complete PAV motion from one bin to the
next will be considered so that the most efficient path down the aisle can be taken.
5.1.6.8.2 The left and right sides of the aisle will be treated as identical in
terms of ‘cost of PAV motion’ and left/right picks will be fully mixed.
5.1.6.8.3 An estimated conveyor transport time will be used to determine
the “cost’ of each inter-aisle tote movement, with the estimate being specific to the particular
pair of aisles and the direction of movement.
5.1.6.84 Missing a shipment’s critical path time (CPT) will incur a large
penalty, thus resulting in selecting a plan that results in no missed CPT’s, unless meeting all
CPT’s becomes impossible (e.g., due to overwhelming order volume). In the case where

missing one or more CPT’s is unavoidable, the plan that misses the fewest CPT’s is generally
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the preferred plan.
[00221] 5.2Configurator Functionality

[00222] 5.2.1 General Functionality

5.2.1.1 The configurator’s main function is to route totes to spurs in the sequence
specified by the scheduler plan. Additionally, the configurator maintains the incoming empty
and restock tote buffers, interacts with the replenishment operators for receiving replenishment
totes, and controls the outgoing tote buffer.

5.2.1.2 Each tote will have a barcode. The barcode must be unique among all totes used
within the fulfillment center.

5.2.1.3 Tote tracking data will be maintained within the FCA database and will be used
to keep track of each tote’s current logical assignment (e.g., shipment ID), status, and other
information as needed by the Scheduler and Configurator, with the barcode being the record
identifier.

5.2.1.4 Totes may be tracked within the PLC memory through conveyor sections where
there is little chance of totes getting out of sequence. However, the barcode will be scanned and
the tote record retrieved at any critical decision/verification points (e.g., at the PAV).

5.2.1.5 Tote location information will be uploaded from the PLC to the Scheduler each
time that a tracked tote passes a decision point. This historical data will be used by the
Scheduler in estimating the time required to get any given tote from its current location to

various destinations being considered for the tote.

[00223] 5.2.2 Aisle Spurs
5.2.2.1 Each spur has an incoming conveyor and an outgoing conveyor.
5.2.2.2 The incoming conveyor delivers totes to a re-sorting area that sequences the totes
into the correct order within left and right spurs.
5.2.2.3 The left spur is for handling the odd numbered totes in the sequence (e.g., 1, 3,
5...) and the right spur is for handling the even numbered totes in the sequence (e.g., 2,4, 6...)
5.2.2.4 As each tote on the main conveyor arrives at the entrance to an aisle spur, it will
be evaluated to determine if it matches the next ‘n’ tote(s) currently required for that spur. If it
matches and there is room for the tote within the spur, then it will be diverted into the spur.
Otherwise, the tote will continue downstream on the main conveyor.
52241 The totes in a given sortie, including empty totes, will be
identified in the sortie by the exact barcode.
52242 If a tote is forced to bypass its intended spur or is delayed in
arriving beyond the when the sortie must be processed, the PLC will notify the scheduler
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immediately so that the plan can be rearranged as necessary.

[00224] 5.3Tote Shuttle General Functionality

[00225] 5.3.1 The tote shuttle has two levels with two parallel conveyors on each level.
[00226] 5.3.2 The tote shuttle will dock with the configurator spur.

[00227] 533 The tote shuttle will immediately release all processed totes from its two

outgoing conveyors onto the outgoing spur conveyors.

[00228] 5.34 Simultaneously, the tote shuttle will receive fresh totes from the two

incoming spur conveyors.

[00229] 5.3.5 The tote shuttle will then move to couple up with the PAV. Once
coupled, the tote shuttle will transfer fresh totes to the PAV and receive finished totes from the

PAV.

[00230] 5.3.6 The tote shuttle will receive up to 6 processed totes from each PAV

outgoing conveyor, for a total of up to 12 totes.

[00231] 5.3.7 Simultaneously, the tote shuttle will transfer all fresh totes onto the PAV

incoming conveyors.

[00232] 5.3.8 Note that the tote shuttle may be carrying less than a full load of fresh
totes and may receive less than a full load of processed totes. The shuttle will always receive
whatever processed totes the PAV has available. The shuttle will only dock and transfer fresh
totes when there is room on the PAV receiving conveyors for the full quantity of fresh totes the
shuttle is carrying. The totes on the left and right lift mechanisms provide a buffer for the

operator to continue working during the transfer.

[00233] 5.3.9 Once all totes are transferred, the tote shuttle will return to the

configurator spur.
[00234] 5.4PAV General Functionality

[00235] 5.4.1 The PAV has two parallel incoming conveyors. At the end of each
conveyor is a tote lift mechanism that presents each incoming tote at an angle for the operator
and also transfers each outgoing tote to the outgoing conveyor below. There is a tote barcode
scanner at each tote lift mechanism. There is also a lighted touch-switch (zero force capacitive

switch) next to each tote lift mechanism.

[00236] 5.4.2 The PAV will index an incoming tote onto the tote lift mechanism.
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[00237] 543 The barcode will be scanned and the tote information looked up in the
plan data. The tote information will include the type of tote (e.g., shipment, restock, unload),
human-centric bin designation, bin X/Z coordinates, SKU, quantity, and any additional data
required for the PAV operation.

5.4.3.1 Note that there are two tote lift mechanisms so while the operator is working on
one tote, the other tote is typically being brought in and scanned. Thus, the data for the next tote

is typically known before the operator completes work on the current tote.

[00238] 544 If the next bin location requires PAV motion, the PAV will do the
following:
5.4.4.1 The system will indicate the upcoming motion to the operator.
544.1.1 The general direction and distance of the motion will be indicated
on the HML
54412 The remaining distance will be indicated during the motion.
5.4.4.2 The operator will initiate the motion by grasping both hold-to-run handles. This
is the operator’s acknowledgement that they have their hands out of the bins, are in a stable
stance, and otherwise prepared for the motion.
5.4.4.3 Both hold-to-run handles must remain grasped through the completion of the

motion.

[00239] 545 The PAV will indicate the next pick, stow, or unload operation to the
operator in several ways, simultaneously.
5.4.5.1 The tote (left or right) will be identified by turning on an indicator light next to
the tote.
5.4.5.2 The HMI will display the operation to be performed, giving full detail, including:
54521 Indicator for left or right tote.
54522 Operation to perform (e.g., Pick, Unload, Stow).
54523 SKU identifier.
54524 SKU description.
54.5.2.5 SKU image.
54.5.2.6 Quantity (“ALL” for Unload).
54527 Bin designator (the bin address).
54.5.2.8 An image of the aisle face, as seen by the operator, with the target
bin highlighted.

[00240] 5.4.6 The operator will perform the requested operation.
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5.4.6.1 Note that in the case of a pick or stow, the operator may use the HMI to indicate a
quantity less than the requested quantity prior to indicating that the operation was completed.

This is discussed further in the section on exception handling.

[00241] 5.4.7 The operator will verify that they operated on the correct tote in either of
two ways:
5.4.7.1 By touching a capacitive (zero force) switch next to that tote.

5.4.7.2 By touching the tote indicator on the HMI.

[00242] 5.4.8 The operator will be stepped through all operations that are required for
this tote.
5.4.8.1 Note that a single tote may require multiple operations at a single PAV location

due to batching and other optimization logic in the scheduler.

[00243] 549 After the completion of the last operation for this tote in this PAV

location, the tote will be moved to the outgoing conveyor.

[00244] 5.4.10  The other tote should already be in position, so as soon as the operator
indicates that the final operation for the previous tote is completed, the PAV will initiate the next

step in the sequence (PAV move or operator action).
[00245] 5.5Vehicle Special Functions

[00246] 5.5.1 The operator may command the PAV to move to a parking position at
ground level near the open end of the aisle. The operator must request this motion via the HMI

and then hold the safety grips to enable the motion.

[00247] 5.5.2 The operator may command the PAV to move to ground level at the
current horizontal position within the aisle. The operator must request this motion via the HMI

and then hold the safety grips to enable the motion.

[00248] 5.53 The operator may command the PAV to return to the last operating
position (i.e., the last place that the PAV moved automatically) within the aisle. The operator

must request this motion via the HMI and then hold the safety grips to enable the motion.

[00249] 554 The operator may command the tote shuttle to move to a parking position
at ground level at the configurator end of the aisle. It is not necessary to hold the safety grips

during shuttle motion.

[00250] 5.5.5 The operator may command the tote shuttle to couple with the

configurator conveyors, as it would during a tote exchange with the configurator. Itis not
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necessary to hold the safety grips during shuttle motion.

[00251] 5.5.6 The operator may command the tote shuttle to execute a tote transfer
between the tote shuttle outgoing (bottom) conveyors and the configurator. It is not necessary to
hold the safety grips during the transfer. The tote shuttle must be currently coupled with the

configurator before this command will be allowed.

[00252] 5.5.7 The operator may command the tote shuttle to couple with the PAV, at
the current PAV position, as it would during a tote exchange with the PAV. It is not necessary
to hold the safety grips during shuttle motion. The PAV must be positioned within normal

operating limits within the aisle before this command will be allowed.

[00253] 5.5.8 The operator may command the PAV and tote shuttle to execute a tote
transfer between the two vehicles. It is not necessary to hold the safety grips during the transfer.
The PAV and tote shuttle must be currently coupled before this command will be allowed. The
vehicles will complete the transfer of both incoming and outgoing totes, within limits of

available space on the respective receiving conveyors.

[00254] 5.59 The operator may command the PAV to move to a specified bin location.
The operator will enter the bin address into the HMI before requesting the move. The system
will check that the tote shuttle is not in the way before this command will be allowed. The
operator must request this motion via the HMI and then hold the safety grips to enable the

motion.
[00255] 5.6PAV Manual Operation

[00256] 5.6.1 The operator may use the HMI to manually control the PAV. To access
the manual control features, the PAV must first be put into manual mode. This is done via the

HMI.

[00257] 5.6.2 Once in manual mode, the operator may use buttons on the HMI to jog
forward and reverse as well as up and down. To initiate jog motion, the operator must first
grasp and hold one of the hold-to-run safety grips and then must press and hold the desired jog
button on the HMI. The motion will continue only as long as both the hold-to-run and the jog

button are pressed and will stop as soon as either is released.

[00258] 5.6.3 The PAV HMI will also allow manual control of all aspects of the tote

conveyors and other mechanisms that are part of the PAV.

[00259] 5.64 The PAV logic will limit jogging in the direction of the tote shuttle such

that a safe minimum inter-vehicle distance is maintained.
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[00260] 5.7Tote Shuttle Manual Operation

[00261] 5.7.1 A pendant connected to the tote shuttle will be used when manual jogging

of the tote shuttle is required.

[00262] 5.7.2 The pendant will include, at a minimum, a dead-man switch and two-axis

jog controls.
[00263] 5.8PAV Support of QA Bin Verification

[00264] 5.8.1 The WMS will be responsible for determining what bin verifications are

necessary on any given day.

[00265] 5.8.2 The WMS will download bin verification requests to the FCA in a manner

similar to the download of shipment requests.

[00266] 5.8.3 The bin verification request will include the bin designation and the SKU

to be verified.

[00267] 5.84 The bin verifications will only be handled by operators with this role

assigned to their login credentials.

[00268] 5.8.5 The scheduler will schedule bin verifications as a low priority task and

will only schedule them for a PAV currently operated by a qualified operator.

[00269] 5.8.6 The PAV will move to the target bin and the bin verification request data
will be displayed to the operator. This will include the bin designator, the SKU, SKU image,
and SKU description.

[00270] 5.8.7 The operator will scan the bin label, scan an item of the indicated SKU,

and enter the number of items of that SKU present in the bin.

[00271] 5.8.7.1 If the quantity entered is different from the expected quantity, then the

operator will be informed of the difference and given an opportunity to re-count the quantity.

[00272] 5.8.8 The FCA will notify the WMS of the completion of the bin verification

and notify it of any resulting bin data changes.
[00273] 5.9PAV /Tote Shuttle Safety

[00274] 509.1 The PAV will include two sets of safety override controls for the PAV
vertical motion, one within the cab and one reachable at ground level for use in lowering the
PAYV cab. These controls will override the safety circuit for the vertical axis and allow it to be

jogged up or down.
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[00275] 592 Each PAV and each tote shuttle will have a safety scanner mounted both

front and rear.

[00276] 5.93 Each PAV and each tote shuttle will include emergency stop buttons on

the front and rear, reachable from ground level.

[00277] 594 The PAV will include two-hand hold-to-run grips within the cab. Both
grips must be held to enable PAV servo motion. The grips will be located near the tote loading

area and will be centered side-to-side so as to keep the operator clear of the shelving.

[00278] 5.9.5 The PAV will include an emergency stop button and lanyard within the

cab.

[00279] 5.9.6 The operator will operate the PAV from a standing position. A safety

harness attached to the PAV ceiling will protect the operator against falls.

[00280] 5.9.7 The rear side of the PAV cab will be guarded by a railing/fence to keep
the operator from falling out of the back. The fence will include a small gate used to enter/exit

the PAV cab. The gate will have a lock and a safety switch.
[00281] 5.10 Replenishment and Inbound Restock

[00282] 5.10.1  Replenishment

5.10.1.1 Replenishment occurs when the WMS determines that a SKU from the
reserve area is needed.

5.10.1.2 The WMS will issue a request directly to the replenishment operators.
The request will identify the SKU and quantity.

5.10.1.3 The operator will retrieve an empty tote, either directly from the incoming
empty tote buffer conveyor or from a stack of totes nearby.

5.10.1.4 The operator will use a customer-supplied application to associate the

replenishment items with the tote.

5.10.1.5 The quantity of items loaded into the tote may be to supply multiple bins
of the same SKU.

5.10.1.6 Multiple SKU’s may also be loaded into the same tote.

5.10.1.7 The tote will be placed onto the FCA restock buffer conveyor at the

manual intervention stop.

[00283] 5.10.2  Inbound Restocking
5.10.2.1 Inbound restocking occurs when inbound stock arrives at the receiving

dock and is loaded directly into totes which are then immediately released onto the conveyor
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system.

5.10.2.2 Inbound restock is based on predictions that are made far in advance and
their release onto the conveyor is not predicated on the system having a current need for the
parts.

5.10.2.3 The quantity of items loaded into a tote is based on the quantity received
from the vendor and is not directly related to the quantity in the system.

5.10.2.4 A customer-supplied application will associate each SKU and SKU
quantity to the tote.

5.10.2.5 The tote will be released onto a conveyor that merges with the empty tote

return conveyor and will be delivered to the FCA floor.

[00284] 5.10.3  Before a replenishment or inbound restock tote is released onto a

conveyor, the WMS will update the tote record in the FCA via a call to the FCA APL

[00285] 5.10.4  Once the record exists in the FCA database, it becomes available to the

scheduler logic to incorporate into the tote sequencing plan.
[00286] 5.11 Offloading Completed Totes

[00287] 5.11.1 When a tote has been completed by the FCA, the tote will be transferred
to an outgoing conveyor that leads to re-bin. Note that the tote-conveyor system may route totes
through the order, storage and retrieval (OSR) shuttle system or a re-work area before sending

them to re-bin.

[00288] 5.11.2  Atre-bin, all items must be removed from the tote before it is released

onto the empty tote return conveyor.

[00289] 5.11.3  The WMS will update the FCA tote record to indicate that this tote is now
empty.

[00290] 5.12 Offloading Fulfilled SKU Removal Requests

[00291] 5.12.1 When a tote returns to the configurator with a fulfilled SKU removal
request (tote filled with the removed Items), the tote will be transferred to the problem-solving

arca.

[00292] 5.12.2  After the operator removes the items from the tote, the WMS will update

the FCA tote record to indicate that this tote is now empty.

[00293] 5.12.3  Note that a SKU removal request is only used when an existing SKU is no

longer needed within the FCA (e.g., discontinued, or designated for the manual areas only).
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[00294] 5.13 Bin Data Management

[00295] 5.13.1 The SKU’s and bins in the storage shelves are managed directly by the
FCA.

[00296] 5.13.2  Each time that a pick or stow occurs, the FCA will notify the WMS.

[00297] 5.13.3 Under certain conditions, the FCA will modify the SKU assignments of a
bin.
5.13.3.1 When a restock occurs, the quantity in the tote may not fit into the target
bin.
5.13.3.1.1 A check will be made to determine if there is another bin already
assigned to the SKU and which has some room. If so, the tote will be routed to that bin. If not,

another bin will be assigned automatically by the FCA and the tote will be routed there.

5.13.3.2 When SKU velocity information changes, the FCA may assign the SKU
to another bin.

5.13.33 When a pick occurs that empties a bin, the FCA may decide to unassign
the SKU from this bin.

5.13.34 The FCA may determine that a SKU needs to be moved to another bin. If

this occurs, it will automatically issue an Unload request for the old bin, unassign the SKU from
this bin after unloading, reassign the SKU to another bin, and automatically schedule a stow
operation to place the removed items into this new bin.

5.13.35 Any changes to bin assignment will be communicated from the FCA to

the WMS, thus keeping both systems up to date.
[00298] 5.14 Alternate Embodiments

[00299] 5.14.1 FIGS. 7 through 11 identify other embodiments of the present invention
that allow for potential cost and/or performance enhancements. The common element of these
embodiments is the replacement of the Tote Shuttle System 530 & 402 shown in Figure 5 with
conveyors that provide the transport of totes to/from the Configurator 510 and a PAV 401. This
is a combination of horizontal and vertical conveyors. This replacement also allows the change
from a Picker Automated Vehicle (PAV) 401 as shown in Figure 4 to a Simplified Picker
Automated Vehicle (SPAV) 701 as shown in Figure 7. The simplification is the elimination of
the need to store totes on the Picker Automated Vehicle (PAV) 401 as shown in Figure 4 while
the Tote Shuttle 402 transfers totes between the PAV and the Configurator 510 as shown in
Figure 5. In addition, it is possible to implement the tote sequencing and tote storage functions

of the Configurator 510 with a mini-ASRS as shown in Figure 10 provided the mini-ASRS has
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sufficient performance. It is also possible to replace the human picker with a Picker Robot (PR)

as shown in Figure 11.
[00300] 5.15 Timing

[00301] 5.15.1 The timing identified in Figures 16A — 161 represent the critical timings
for the Vertical Conveyors 703. This is sufficient to demonstrate two Vertical Conveyors 703
can provide sufficient performance to satisfy the needed requirements. For the purposes of this
diagram that Pick Rate is 6 seconds. These Vertical Conveyors 703 are high performance and
with two of them servicing the Picker, they extend the flexibility of the solution. To utilize the
two Vertical Conveyors 703 shown in the diagram, some general rules need to be applied
relative to the operation of the system. They are:

. The up-going and down-going Vertical Conveyors 703 can be modeled identically. That
is, they need to pass through every other tote. In the case of the up-going Vertical Conveyor
703, the totes passed through will be serviced by the down-going one. In the case of the down-
going Vertical Conveyor 703, the totes passed over have already been serviced by the up-going
one.

. Every effort needs to be made to minimize the number of totes on any one Vertical
Conveyor 703 at the same time. If not, one can be faced with having to stop too many times to
load/unload totes during a future critical speed move. As such, it has been assumed there are
only two totes on either one of the static Vertical Conveyors 703 at the same time, one at the
PAYV and the other at the entry position to the Vertical Conveyor 703.

. The Vertical Conveyors 703 are known as Vertical Indexing Conveyors (VICs). In the
case of a VIC with its indexed positions, the loading and unloading of totes from any one
conveyor can occur at the same time at their respective index positions.

. If the picker needs to move positions, either horizontally or vertically, that move time

can be added to the available service time for the vertical conveyors.

[00302] In the timing diagrams shown in Figures 16A — 161 it is assumed the vertical
conveyors 703 have eight indexed positions, each two feet (about 0.65 meters) apart. That
allows for 7 different move increments from one position to seven positions. The times for each
one of those moves are shown in Figure 16A and are highlighted with right-slanted hatching.
The right-slanted hatching is subsequently used in the timing diagrams to show the travel range

of the VIC vertical conveyor 703.

[00303] The corresponding 5 move positions and their respective move times for the picker

platform of the Simplified Picker Automated Vehicle (SPAV) 701 are highlighted with left-
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slanted hatching in Figure 16A. The left-slanted hatching is subsequently used in the timing
diagrams to show the travel range of the picker platform of the Simplified Picker Automated

Vehicle (SPAV) 701.

[00304] Itis further assumed the totes enter at the bottom of the left-hand up-going Vertical
Conveyor 703 and exit at the bottom of the down-going right-hand Vertical Conveyor 703.
Once a tote reaches the top position of the left-hand Conveyor 703 it is transported to the top
position of the right-hand Vertical Conveyor 703 on the Top Platform shown in the first timing

diagram in Figure 16A.

[00305] Using the rules already identified, there are two conditions with their own set of
guidelines that have to be considered in the timing diagrams. The two conditions then represent
every possible permutation of vertical conveyor 703 moves the picker might experience. They
are:

. Picker Does Not Change Position — In these cases, the Vertical Conveyors 703 will need
to move 7 indexed positions in two moves and encounter one load/unload time (one second)
regardless. As an example, if the picker is at the top position, the downward Vertical Conveyor
703 will need to do one 6-position move down, followed by a load/unload, followed by another
one-position move. In that scenario, it can be seen the 6-second goal is readily achieved. This
same scenario repeats for other picker positions but the two different-length moves still need to
add up to seven (i.e. 2+5, 3+4, etc.).

. Picker Changes Vertical Position — In these cases, the Vertical Conveyors 703 will need
to make three moves combined with two load/unloads. In the case of the down-going vertical
conveyor 703, these three moves allow the tote just serviced to be unloaded, the tote that had
been serviced by the up-going vertical conveyor 703 to be unloaded, and to position the new tote
in place for the picker. No additional moves can ever be required above and beyond these for a
single service time. Even though an additional move and an additional load/unload are required
beyond those in the first condition, the picker move time can be added to the available service

time.

[00306] The worst case is a single index vertical move by the picker. That only add 2.5
seconds to the 6 seconds of service time to handle the additional move and load/unload. The
Vertical Conveyor 703 now needs to do its first two moves with the same guidelines in the first
condition where the first two moves always total seven index positions. These are then followed
by an additional load/unload time and one additional indexed move. The number of index
positions required for the third move depend on the initial position of the picker, per the guide

shown in FIG 17.
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[00307] Inthe worst case, there is a 4-step move, two 3-step moves, and two load/unloads.
That totals approximately 6 seconds, well within the available 8.5 seconds. These guidelines for
this condition then apply for any other vertical move the picker might make. If the picker has to
move further than one vertical position, it just adds more available service time to the vertical

conveyor and with its superior speed, the Vertical Conveyor 703 can readily keep up.

[00308] The sequences identified in the timing diagram shown in Figure 16A through Figure
161 are examples of these two conditions and as described can readily represent any simplified
picker automated vehicle (SPAV) 701 move or requirement. Any required picker sequence can
be supported by a composite of these conditions. This is analogous to software objects. In this
case, there are only two objects required to support any type of required picker sequence. The
message passed to the control object just specifies required ending positions based on the §
index positions available in the VICs. Otherwise, the vertical conveyors 703 follow the same
routine each and every time. Therefore, it is very modular with no risk of any unsupported

picker sequence being able to confound the vertical conveyors 703.

[00309] The sequences shown in the timing diagram in Figures 16A-16I demonstrate the
most challenging ending positions for the two conditions. As a result, every other type of move
will just perform better than the cases shown in the timing diagrams shown in Figures 16A-161.
A stream of totes lettered A through L are used in the timing diagrams shown in Figures 16A-
161 which indicate how those totes are presented in sequence to the picker within the required 6
second pick time. All the moves are broken down into hundredths of a second per the move
times shown for the vertical conveyors 703 and the picker platform on the simplified picker

automated vehicle (SPAV) 701.

[00310] Six-second (6-second) pick cycles are assumed. In the worst case the next tote for
the picker will be in the next position with a 2.13-second safety margin. Every other move has a
safety margin greater than that. All this information is shown in the timing diagrams in Figures
16A-161. In particular, if the picker has to move the picker platform on the Simplified Picker
Automated Vehicle (SPAV) 701 up or down, it only increases the safety margin by providing
“extra time”. This is due to the fact the picker movements are far slower than the Vertical

Conveyors 703.

[00311] To read the timing diagrams shown in Figures 16A-161, the KEY legend for the
timing diagrams shown in Figures 16A-161 may be helpful in order to read them (see Key 1
above and KEY on Figure 16A). While the timing diagrams shown in Figures 16A-161 are

intended to be self-explanatory, the legend below may provide additional assistance:
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. The view is facing the two vertical conveyors 703
. The left vertical conveyor 703 goes up and the right vertical conveyor 703 goes down
. There are 8 indexed positions for the VIC vertical conveyor 703 and it can move any

number of steps required (1-8)

. The right-slanted hatching shows the vertical range of the VIC vertical conveyor 703 and
the left-slanted hatching shows the vertical range of the picker platform of the simplified picker
automated vehicle (SPAV) 701 relative to the indexed steps

. The transfer leg on the top platform is shown separately

. The timing diagrams show the different positions of the tote through the VIC Vertical
Conveyors 703 for every required move with the timer shown in the top of each “sequence box”
. The times to move the indexed steps for the VIC vertical conveyor 703 and simplified
picker automated vehicle (SPAV) 701 are shown in the table at the left in Figure 16 A with those

times based on their respective specs. Acceleration and deceleration times are considered in all

cases.
. The actions that have occurred in any “sequence box” are shown in the box below the
timer box

. The incoming stream of totes is shown in the lower left corner of each diagram

. The simplified picker automated vehicle (SPAV) 701 platform is shown by the double

horizontal lines in the VIC vertical conveyors 703

. The totes with the vertical hatching are serviced by the up-going VIC vertical conveyor
703 and the totes with the horizontal hatching are serviced by the down-going vertical conveyor
703

. The tote being serviced by the picker is shown in shaded gray and the picker has it for 6
seconds in every case

. The times shown in in the boxes above the timing diagrams shown in Figures 16A-161
are the safety margins in seconds

. Load and unloads are from the VIC vertical conveyors 703

[00312] The following information should also be noted:

. Even though the picker services the totes in an A-L sequence, the totes have to be
presented in a slightly modified sequence as they enter the vertical conveyors 703.

. The sequence of totes entering the vertical conveyors 703 alternates between the
horizontal hatched and vertical hatched totes with the exception of the first time the Vertical
Conveyors 703 are loaded. In this case, two horizontal hatched totes need to be loaded first to

“prime” the vertical conveyors 703.
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. A picker move occurs at time 44.19 seconds. The move is one slot position down. This
minimizes the available “extra time” referenced earlier and poses the biggest timing challenge.
. The initial sequences of the Vertical Conveyors 703 are just servicing the picker in one
position so it can be seen once the Vertical Conveyors 703 are “primed”, everything becomes

repeatable.
[00313] 5.16 Some Various Preferred Embodiments

[00314] 5.16.1 Figure 10 show an embodiment of the present invention where a mini-
ASRS 1001 replaces two functions of the configurator 510, those being tote storage and tote
sequencing. The embodiment shown in Figure 10, as noted, is dependent on the performance of
the mini-ASRS 1001 and/or the required pick performance of the system which is the basis of
the present invention. If the required performance of the mini-ASRS 1001 or the required pick
performance of the system is too high, an alternate embodiment of the present invention may

need to be utilized.

[00315] One such alternate embodiment is shown in Figure 12, where the mini-ASRS 1001
and a separate sequencer perform the tote storage and tote sequencing functions of the
configurator 510. It should be noted in this configuration, while the sequencer will ensure all
the totes entering the aisle are in the correct sequence for the picker, it is providing more of a
short-term storage function since totes can be released individually into the aisles as opposed to
a group of totes all in a specific order as is shown in the original embodiment of this invention.
For consistency however, the terms sequencer and sequencing are maintained. This system is
placed on the horizontal conveyors 704 preceding each aisle. This particular embodiment
utilizes new concepts to perform these functions in the most cost reduced manner possible. That

is one reason this embodiment constitutes one preferred embodiment.

[00316] Figure 12 shows the key components of this system 1200. To achieve the best
performance and cost for the mini-ASRS, the X, Y, and Z motion typically provided by an
integrated storage retrieval machine (SRMs) 901 & 902 in an ASRS is replaced by separate
components, a mini-ASRS Shuttle 1205, a mini-ASRS vertical lift with integrated load handling
device (mini-ASRS-VLWILHD) 1206, and mini-ASRS transfer rails 1207. In this
configuration, the mini-ASRS vertical lift with integrated load handling device 1206 remains
static and immovable while the mini-ASRS Shuttle 1205 moves horizontally on the mini-ASRS

transfer rails 1207 to provide the necessary X motion.

[00317] This configuration allows the required X motion (horizontal movement) to occur and

be completed while the mini-ASRS vertical lift with integrated load handling device 1206
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performs the required Y and Z motions All these motions are required in order to retrieve totes
from the Horizontal Conveyors 704, store them in the tote storage racks on the mini-ASRS
Shuttle 1205, and ultimately retrieve and return them to the Horizontal Conveyors 704 when

they are required by the system which is the basis of the present invention.

[00318] Besides offering increased performance (completed Z motion) this configuration
also allows for simpler and less costly components. The mini-ASRS Shuttle 1205 can be moved
horizontally with a single motor, some type of rotary to linear motion device like a rack and
pinion, and the movable storage rack. This embodiment can be done much more cost effectively
than traditional solutions such as Storage Retrieval Machines (SRMs) 901 & 902, mechanical

gantries, etc.

[00319] The sequencing function is then performed with a single Sequencer Motor 1201,
Rotary Clutches 1202, a Rotary Shaft 1203, and Rotary Motion to Linear Motion Lift Devices
1204. A Rotary Clutch 1202, the Rotary Motion to Linear Motion Lift Devices 1204 and the
associated framework constitute a single module. The modules are connected by the Rotary
Shaft 1203. Any number of modules can be interconnected dependent on the number of totes
that need be sequenced. These are all driven by a single motor which is the reason this design is

very cost effective.

[00320] A tote on the Horizontal Conveyor 704 can be lifted off that conveyor once it enters
the horizontal arms of one of the Rotary Motion to Linear Motion Lift Devices 1204. When that
happens the Sequencer Motor 1201 is engaged as is the Rotary Clutch 1202 of that specific
module to lift the tote off the conveyor to a height that allows other totes to be moved
horizontally on the Horizontal Conveyor 704 beneath it. This motion can then be reversed when
a specific tote is required by the system which is the basis of the present invention. These
functions together allow the totes entering an aisle to then be placed in any desired sequence to
meet the requirements of the system which is the basis of the present invention. One of these
modules also provides the function to raise totes into the mini-ASRS for storage and to lower

them from the mini-ASRS once they are retrieved from storage.

[00321] Figure 13 show a system 1300 that includes the systems 700 and 1200 and the
horizontal conveyor 704 as they would be implemented in a warehouse aisle. In a typical
application of the system which is the basis of the present invention, a group of orders, known as
a batch, is released to the warehouse to have their respective SKU’s picked by the pickers in
each aisle, placed in totes, and have those totes sent to shipping. In other embodiments of this

invention, all the totes which comprise the batch would be interchanged in the aisles so as to
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maximize the content of the totes and have them sent to each aisle when the picker in that aisle

was approaching a SKU which was required to complete the orders in that batch.

[00322] The configuration shown in Figure 13 is not quite as efficient in that any tote which
is to hold SKU’s for a given batch only contains SKU’s from a single aisle, not multiple aisles as
in the other embodiments. That means the tote(s) required to hold all the SKU’s for a batch
from any given aisle continue to be recirculated back into the aisle until all the SKU’s for that
batch have been picked and placed in the corresponding tote(s). They are then held in their
respective aisles until such time as the last tote of a given batch is completed. At that time, all
the totes that from a given batch would be released to shipping. While this results in slightly
more totes to complete the batch, it eliminates the need to send totes between aisles and thus

ends up being much more cost effective.

[00323] System 1300 achieves these requirements by transferring totes that do not yet
contain all the necessary SKU’s for a given batch back into the aisle using the transfer segment
1301 when they are exiting an aisle on the Horizontal Conveyor 704. These totes can then be
stored and/or sequenced in system 1200 until they are required by system 700. When the tote(s)
which hold the SKU’s for a respective batch have all been completed, the tote(s) are still held in
system 1200 until the entire batch is complete in all the aisles. At that time, those tote(s) are
released from system 1200 on the entry leg of the Horizontal Conveyor 704, transferred to the

exit leg of the Horizontal Conveyor 704 using the transfer segment 1302, and sent to shipping.

[00324] Figure 15 shows a system 1500 having a plurality of systems 1300 (such as shown
and described for Figure 13), which are configured, in some embodiments, to form part of a
warehouse FCA. The resulting simplicity can be noted as compared to that in Figure 5. It
should be noted both configurations require bin walls (or "put walls" as they are sometimes

commercially known) in shipping.
[00325] 5.17 Potential Cost and Space Reduction for Some Embodiments

[00326] Figure 14 shows an alternate implementation that could result in reduced cost and/or
warehouse space. Whether this implementation can be used depends on the nature of the
inventory in any given warehouse aisle. The order patterns of that inventory determine how
many storage spaces are required in some other embodiments to implement the invention. The
number of storage spaces combined with the chosen batch sizes are key factors in determining
the overall system performance. These and other variables need to be modelled and simulated in

software to determine optimum values.

[00327] If simulation indicates satisfactory performance can be achieved with fewer tote
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storage spaces, the hardware shown in Figure 14 can be utilized. In this case, storage is
provided solely by the set of storage racks 1403 (in some embodiments, four storage racks
1404). The totes are moved into and out of the storage racks 1404 by vertical elevators 1401
and load handling devices 1402 which together are referred to as a storage mechanism 1400.
Having two storage mechanisms 1400 should provide adequate performance in almost all cases,

provided the tote storage spaces are sufficient.

[00328] In this configuration, a storage mechanism 1400 is required at a minimum on both
the outbound and inbound conveyors 704 to the aisles. This allows the storage of both outbound
and inbound totes with the transfer segment 1301 providing the mechanism to recirculate
partially filled totes back into the aisle until such time the batch order for a given tote is
complete and it is released to the bin wall. This configuration takes considerably less warehouse
space and will likely provide better costs than some other embodiments, depending on the

selection of components.
[00329] 6.0Batching and Combined Operations

[00330] 6.1 A number of batching concepts will be used within the FCA to consolidate
multiple shipments into a small number of totes 125. The FCA will keep the WMS informed of

batches as follows.

[00331] 6.1.1 The FCA will create FCA batch ID’s for internal use. The WMS is not
immediately notified of these because these ‘virtual” batches are often transient (e.g., some

batches are later absorbed into larger batches).

[00332] 6.1.2 If an otherwise non-batched tote is about to exit the configurator, the FCA
will create an FCA batch ID for this single shipment tote. This is done so that subsequent totes
may be added to this batch as they exit the configurator. This is explained below in the batching

method related to improving re-bin capacity utilization.

[00333] 6.1.3 As the lead tote of each batch exits the configurator, the FCA will issue a
Create-WMS-Batch event. The FCA supplies the FCA-batch ID and the tote ID of the lead tote.
WMS responds by creating a batch record within the WMS and associating the FCA batch ID

and the lead-tote ID to the WMS-batch ID, and keeping the batch open for further tote additions.

[00334] 6.14 As each tote exits the configurator, if it is part of an existing WMS batch,
the FCA will issue a Modify WMS Batch event, giving the FCA batch ID and the tote ID.
WMS adds the tote to the WMS batch, keeping the batch open for further additions.

[00335] 6.1.5 After the last tote of a batch has exited the configurator, the FCA will
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issue a Complete WMS Batch event, supplying the FCA batch ID. The WMS will respond to
the Complete WMS Batch event by ‘closing’ the batch or otherwise recognizing that the WMS

now knows about all totes that make up the batch for OSR purposes.

[00336] 6.1.6 As totes show up in the OSR, WMS will know if the batch is complete or
if the system is still adding/sending totes for that batch. The OSR should only release the batch

to re-bin once the batch is known to be complete.

[00337] 6.1.7 The FCA will have a configurable time limit for how long it will allow a
batch to remain open after the Create-WMS-Batch event (i.e., after the first tote of the batch has
exited the configurator). That time limit will be taken into account when making batching
decisions and will generally result in each batch completing at or before that time limit. This is

to avoid a partial batch taking up space in the OSR for an extended period.

[00338] 6.20pportunistic batching may occur when the PAV is scheduled to be at a certain
bin location to complete an operation (pick or stow) on a tote and there are other single-SKU
shipments that can be fulfilled from this same PAV position. If there is room in the tote, based
on current contents and future operations that are already planned for the tote, then these single-
SKU shipments may be added to this tote if the scheduler determines that this will be more
efficient. Note that this will sometimes result in the operator picking items into a tote that still

contains items to be stowed at a future PAV location.

[00339] 6.3Totes that are already ‘completed’ may be recirculated to receive additional picks

in order to improve overall tote volume utilization, if this can be done without missing a CPT.

[00340] 6.4A ‘virtual cross-docking” method will evaluate all restock (inbound or
replenishment) totes to determine if items in the tote can be used to fulfill any active pick
operations. If this is the case, and the scheduler determines that this will improve efficiency,
then the operators will be directed to stow only the items that are not currently needed for these
picks, thus leaving the required quantities in the totes. This avoids stowing and then

immediately picking, thus saving both the stow and pick times for these items.

[00341] 6.5Large shipments with many SKU’s will be broken up into smaller clusters of
operations so that the operations may possibly be done in parallel. The scheduler may or may
not schedule these operation clusters for separate totes. If they are scheduled for separate totes,

this will result in the formation of a multiple tote batch.

[00342] 6.60ther conditions, not related to efficiency, will result in the creation of multiple

tote batches.
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[00343] 6.6.1 If the operator indicates that the requested quantity for some pick cannot

fit into the target tote, then the remaining quantity will be picked to another tote.

[00344] 6.6.2 Disabling an aisle (and therefore disabling all bins within the aisle) may

cause some picks to become ‘undoable’ which may result in multiple tote batches.

[00345] 6.6.3 Certain problem-solving scenarios may result in formation of multiple

tote batches.

[00346] 6.7 As totes exit the main configurator onto the outgoing FCA conveyor, the system

will attempt to optimize re-bin wall utilization by combining successive totes into batches.

[00347] 6.7.1 System configuration settings will include the maximum number of

shipments per re-bin wall, and the maximum number of items per re-bin wall.

[00348] 6.7.2 As totes are exiting, the system will check to see if successive totes can be
combined without exceeding these limits. If they can, then they will be combined into a single

batch. This can be done even if the individual totes were already batches themselves.
[00349] 7.0FCA System HMI

[00350] 7.1 An HMI application will exist on the production floor to provide high-level

system control and visibility. This application will provide the following functionality:

[00351] 7.1.1 System overview, showing a graphical representation of the entire system,
including:

7.1.1.1 Status (e.g., empty, completed shipment, full, etc.) and approximate location of
each tote, both on the conveyors and on the vehicles.

7.1.1.2 Status and approximate location of each vehicle.

[00352] 7.1.2 Graphs and charts showing key performance indicators for the system
over time (e.g., shipments downloaded, picks completed, stows completed, shipments

completed, etc.).

[00353] 7.1.3 Graphs and charts showing key performance indicators per aisle/vehicle
(e.g., overall equipment effectiveness (OEE), vehicle motion stats, operator efficiency stats,

etc.).
[00354] 7.2Controls will be included that may be used to do the following:

[00355] 7.2.1 Bypass/Purge all totes from an aisle (i.e., block new totes from entering

while continuing to process all totes already within the aisle).
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[00356] 7.2.2 Disable an aisle (i.e., block further totes from being diverted to an aisle

and mark all bins as ‘unusable’).
[00357] 7.2.3 Enable an aisle.
[00358] 8.0General WMS/FCA Interface Requirements

[00359] 8.1The entire FCA/WMS interface is through a web-based API provided by the
FCA.

[00360] 8.1.1 The FCA provides information to the WMS via web hooks to which the
WMS must subscribe.

[00361] 8.1.2 The WMS provided information to the FCA by calling methods exposed
via the FCA APL

[00362] 8.1.3 The FCA does NOT call or otherwise directly access anything within the
WMS.

[00363] 8.2Shipments

[00364] 8.2.1 The WMS will push shipments to the FCA via web methods provided by
the FCA web server. Each shipment is made up of some number of pick requests, where a pick

request specifies the SKU and quantity of that SKU.

[00365] 8.2.2 In the rare case of an FCA application restart, the FCA will notify the
WMS of the restart event via a web hook. The WMS will respond to this event by sending all
outstanding (unfulfilled) FCA shipments. The FCA will remove any duplicates (i.e., shipments

it was already aware of).

[00366] 8.2.3 For each shipment, the WMS will provide the list of required SKUSs, the

quantity required for each SKU, and the shipment’s required fulfillment date/time.

[00367] 8.24 The FCA notifies the WMS of all bin data changes, all pick operation
quantities that are completed, and all pick operation quantities that are currently unfulfillable. If
any portion of a requested pick operation is being reported as unfulfillable, then the WMS may

decide to cancel it within the FCA (and possibly complete it elsewhere).

[00368] 8.2.4.1 If the WMS decides that an unfulfillable pick operation should be
cancelled, then it will notify the FCA of the cancellation, giving the pick operation (defines the
SKU and the quantity) to be cancelled.

[00369] 8.3Replenishment and Inbound Restock
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[00370] 8.3.1 The WMS will push restock and replenishment tote data to the FCA via
web methods provided by the FCA web server. Restock and replenishment are identical from
the FCA’s point of view. Each record is made up of a tote ID plus some number of stow

requests, where a stow request specifies a SKU and quantity of that SKU.
[00371] 8.4SKU Data

[00372] 8.4.1 The WMS will maintain knowledge of which SKU’s are associated with
the FCA.

[00373] 8.4.2 Each time that an FCA-related SKU is added or modified within the
WMS, the SKU data will be pushed to the FCA. Note that the SKU velocity and dimensions are
critical parts of the SKU definition and so the FCA must be updated any time this information

changes.

[00374] 843 For each SKU, the WMS will provide the ID, description, image,

dimensions, weight, and velocity. See API documentation for additional requirements.

[00375] 844 If an existing SKU is to be removed from the FCA (e.g., if the SKU is
discontinued), the WMS will notify the FCA with a SKU removal request, specifying the SKU

to be removed.

[00376] 8.4.5 The FCA independently manages the SKU-to-bin assignments using logic

that is optimized for FCA performance.
[00377] 8.5Tote Data

[00378] 8.5.1 The WMS will push tote data changes to the FCA any time that a tote is
added or is modified by the WMS, including:

8.5.1.1 Unloading the tote at re-bin or pack-out.

8.5.1.2 Loading a tote at inbound.

8.5.1.3 Loading a tote at replenishment.

8.5.1.4 As aresult of any activities at problem solving.

8.5.1.5 Upon ‘request’ from the FCA. The request would be made via a web hook for a

tote data request ‘event’.
[00379] 8.5.2 When a tote is emptied, the WMS will update the FCA to indicate this.

[00380] 8.5.3 When a tote is loaded with inbound restock or replenishment, the WMS
will supply the list of SKUs and the quantity of each SKU. 8.5.4  Note that the WMS must

update the FCA on ALL tote data changes, not just for those totes that are currently routed to the
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FCA. This is for many reasons, including the fact that an operator may grab a tote from

anywhere in the FC and place it directly onto the FCA conveyors.
[00381] 8.6Bin Data

[00382] 8.6.1 The WMS will only be required to push bin data updates if changes are
made to FCA bin contents without using the FCA-provided tools. This might happen in a case

where the customer has a need to manually change bin contents within an aisle without the use

of the PAV.
[00383] 9.0FCA Interaction with WMS-Controlled Manual Areas

[00384] 9.1There will be no direct interaction between the FCA control system and the

WMS-controlled manual areas (e.g., re-bin, inbound restock).

[00385] 9.2When a shipment requires fulfillment both by the FCA and by the manual
system, the WMS will split the shipment into two shipments that are related to each other within
the WMS by a batch number. The FCA will be unaware of this and will simply receive a
shipment request that represents the FCA portion. This shipment will be processed normally
within the FCA and simply released to the outgoing conveyor. The batched shipments will be

recombined within the WMS-controlled areas.

[00386] 9.3When a tote reaches pack-out, the operator will remove all product from the tote.
The WMS must mark the tote as empty and send this tote data update to the FCA.

[00387] 9.4Restock totes will be entered into the system via one or more WMS-controlled
operator stations. When the tote is introduced, the WMS will associate the tote with the restock

request data (SKU’s and quantity per SKU) and will pass this information to the FCA.
[00388] 10.0 FCA Warehouse Management (aka, Slotting)

[00389] 10.1 The FCA will fully manage the assignment of SKU’s to bins within the
FCA warehouse.

[00390] 10.2 The WMS is responsible for the following:
[00391] 102.1 Notifying the FCA of each new SKU that it has associated with the FCA.

[00392] 10.2.2  Notifying the FCA when SKU data is updated (e.g., when the velocity

changes).

[00393] 10.2.3  Notifying the FCA when a SKU is to be removed from the FCA (e.g.,
when the SKU is being discontinued).
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[00394] 103 When a new SKU is to be added to the FCA, the WMS would first notify
the FCA with the new SKU definition. The WMS would then direct the inbound operators to
load items of this SKU into a tote. The WMS will notify the FCA of this tote being routed to the
FCA. The FCA will work the new SKU into the slotting plan. The FCA will direct the tote to

the appropriate bin(s) and command the operator to stow the items.

[00395] 104 When a SKU is to be removed from the FCA, the WMS will notify the
FCA that the SKU is to be removed. The FCA will schedule one or more empty totes to receive
all remaining items of this SKU, from however many bins it may currently live in. These totes
will be sent to the problem-solving spur where the operator will be informed that the product is

being removed from the FCA.

[00396] 105 As PAV workload allows, the FCA will actively manage the SKU-to-bin
assignments so as to position the highest velocity SKUs in the most efficient locations within the
aisles. It will do this by scheduling picks and stows to move product from one location to

another during times of low PAV/operator utilization.
[00397] 11.0 Bin Data Handling Details

[00398] 11.1 The system maintains bin data within the FCA database for use by the
FCA.

[00399] 112 The WMS separately maintains bin data for its own purposes, including

triggering of restock orders to vendors, etc.

[00400] 113 Each time that the FCA updates bin data internally, it will inform the
WMS via web hooks to which the WMS has subscribed. This includes:

[00401] 11.3.1  Modifying SKU to bin associations.
[00402] 11.3.2  Updating bin-specific SKU quantities after each pick or stow.
[00403] 12.0 Tote Data Handling Details

[00404] 121 The system maintains tote tracking data within the FCA database for use
by the FCA.

[00405] 122 The WMS separately maintains tote tracking data for its own purposes,

including tote routing on the tote-conveyor system.

[00406] 123 Each time that the FCA updates tote data internally, it will inform the
WMS via web hooks to which the WMS has subscribed. This includes:
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[00407] 12.3.1  Associating a shipment to a tote.
[00408] 12.3.2  Updating SKU and SKU quantities after each pick or stow.
[00409] 12.3.3 Setting special tote statuses (e.g., empty, problem tote).

[00410] 124 Each time that the WMS updates tote data, it will inform the FCA via
methods provided in the APL.

[00411] 12.4.1  When an empty tote is loaded onto any tote-conveyor system, the WMS
will inform the FCA that the tote is empty and where it is routed to.

[00412] 124.2  When any restock or replenishment tote is loaded onto any tote-conveyor
system, the WMS will inform the FCA of all SKU’s and SKU quantities in the tote and where it

is routed to.

[00413] 125 If a new tote is loaded onto the conveyor without being identified by the
WMS, the FCA will send the tote to the problem-solving spur.

[00414] 13.0 Replenishment Details

[00415] 13.1 The customer will determine which SKU’s are to be restocked through the

replenishment process.

[00416] 132 Replenishment reserves for the FCA will be located on the fourth floor.

The customer will be responsible for maintaining this stock by moving pallets up the elevators.

[00417] 13.3 The FCA will update the WMS with each change in bin quantity as picks

and stows are completed.

[00418] 134 The WMS will make decisions based on bin levels and generate
replenishment requests directly to the replenishment operators via customer-supplied handheld

devices.

[00419] 135 The operators will maintain a supply of empty totes in the replenishment
area by periodically pulling empty totes from the incoming empty tote buffer. They will use

these totes to load with replenishment items.

[00420] 13.6 A customer-supplied handheld device and related application code will

associate replenishment items with the tote. SKU’s can be mixed in a tote if desired.
[00421] 137 The WMS will notify the FCA of the contents of the replenishment tote.

[00422] 138 Once a replenishment tote is fully loaded, the tote will be placed onto the

manual intervention stop on the restock buffer conveyor.
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[00423] 139 An FCA-controlled scanner on the restock buffer conveyor will read the

tote ID and handle the tote appropriately.
[00424] 140 Inbound Restock Details

[00425] 14.1 The customer will determine which SKU’s are to be restocked through the

inbound process and how much should go to the FCA vs manual areas.

[00426] 142 The operators will maintain a supply of empty totes in the inbound area.

They will use these totes to load with inbound items.

[00427] 143 A customer-supplied station and related application code will associate

inbound items with the tote. SKU’s can be mixed in a tote if desired.

[00428] 144 Once an inbound restock tote is fully loaded, the operator will release the

tote and the tote-conveyor system will deliver the tote to the FCA.

[00429] 145 The WMS will notify the FCA of the inbound restock tote, providing the
tote ID, SKUs, SKU quantities, current location of the tote, and a timestamp for when it was

released.

[00430] 14.6 An FCA-controlled scanner on the FCA input conveyor will read the tote
ID when it arrives and the FCA will handle the tote appropriately.

[00431] 150 Exception Handling

[00432] 151 Bin location has too few Items (including zero) remaining to complete a

Pick operation.

[00433] 15.1.1 Operator will enter the actual number of items picked.
[00434] 15.1.2  Tote will be updated based on quantity picked.
[00435] 15.1.3  Bin quantity will be set to zero.

[00436] 15.1.4  If the SKU exists in another bin, the tote will be routed to that bin to pick

the remaining quantity.

[00437] 15.1.5  If the SKU does not exist in another bin, the FCA will mark the remaining
pick operation as ‘undoable’ internally. The completed portion of the shipment may be sent

downstairs. It is up to the WMS to decide if the remaining pick operation should be cancelled in

the FCA.
[00438] 152 Tote has too few items (including zero) to complete a stow operation.

[00439] 15.2.1 Operator will enter the actual number of items stowed.
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[00440] 15.2.2  Bin will be updated to add the indicated quantity of the SKU.
[00441] 152.3  Tote will be updated to indicate zero quantity of the given SKU.
[00442] 152.4  Tote processing continues normally.

[00443] 153 Requested number of pick items will not physically fit into the tote.
[00444] 15.3.1 Operator will enter the actual number of items picked to the tote.
[00445] 15.3.2  Tote will be updated based on quantity picked.

[00446] 15.3.3  Bin quantity will be adjusted based on quantity picked.

[00447] 15.3.4  The tote will be marked as full.

[00448] 15.3.5  The remainder of the pick quantity will be assigned to another tote, with

this tote and the original tote forming a multi-tote batch.

[00449] 154 Bin location has too little room to complete a stow operation.
[00450] 15.4.1  Operator will enter the actual number of items stowed.
[00451] 15.4.2  Tote will be updated based on quantity stowed.

[00452] 154.3  Bin quantity will be adjusted based on quantity stowed.

[00453] 154.4  If the SKU exists in another bin and that bin has room, the tote will be

routed to that bin to stow the remaining quantity.

[00454] 154.5  If the SKU does not exist in another bin or no other bin for that SKU has
room, and there is room in a dynamic bin, then the FCA will dynamically allocate another bin

for that SKU and the tote will be routed there.

[00455] 154.6  If the FCA can find no bin to stow the remaining items in, then the tote

will be routed to the problem-solving area on the fourth floor.

[00456] 155 The operator is completing a ‘final stow’ operation (i.e., the HMI
indicates that there should be zero remaining in the tote after the stow operation) but the quantity

in the tote exceeds the requested quantity.

[00457] 155.1 Operator should attempt to fit the entire quantity into the target bin, and
will then enter the quantity actually stowed.

15.5.1.1 If the entire quantity was stowed, no further action is required from the
operator since the system will assume that the tote quantity is zero after the stow operation is

completed.
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15.5.1.2 If some quantity remains in the tote, the operator will indicate this

exception and will enter the quantity remaining in the tote.
[00458] 15.5.2  Bin quantity will be updated to indicate the quantity actually stowed.
[00459] 15.5.3  Tote quantity will be updated to indicate the quantity remaining (if any).

[00460] 15.5.4  If the tote quantity is non-zero, then the tote will be handled the same as

when there is insufficient room in a bin.

[00461] 15.6 Operator drops an Item during a pick, stow, or unload.

[00462] 15.6.1  Operator will use the HMI to lower the PAV to ground level.

[00463] 15.6.2  Operator will get out and retrieve the dropped item(s).

[00464] 15.6.3  Operator will use the HMI to return the PAV to the bin position.
[00465] 15.6.4  Operator will complete the operation (pick, stow, or unload) normally.
[00466] 15.7 Operator identifies a defective/damaged Item during a pick or unload.
[00467] 15.7.1 Operator will press a button on the HMI to bring up a Reject Item screen.

[00468] 15.7.2  The screen will be pre-populated with the Bin and SKU related to the

current operation. The quantity will default to 1.

[00469] 15.7.3  The operator may edit the Bin, SKU and quantity. Note that they might
edit the Bin if they notice a damaged item in a bin other than the one they are currently picking

from. They might edit the SKU if the bin is multi-SKU or if they are also editing the bin.

[00470] 15.7.4  Once the data correctly indicates the Bin, SKU, and quantity, the operator
presses OK.

[00471] 15.7.5  The bin quantity for the SKU will be reduced by the indicated quantity

and this item(s) will be associated with the reject item container within the PAV.

[00472] 15.7.6  The operator places the defective item in the defective item container
within the PAV cab.

[00473] 158 Operator identifies a reject/damaged Item during restock.
[00474] 15.8.1 Operator will press a button on the HMI to bring up a Reject Item screen.

[00475] 15.8.2  The screen will be pre-populated with the Bin and SKU related to the

current operation. The quantity will default to 1.

[00476] 15.8.3  The operator may edit the Bin, SKU and quantity. Note that they might
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edit the Bin if they notice a damaged item in a bin other than the one they are currently stowing

to. They might edit the SKU if the bin is multi-SKU or if they are also editing the bin.

[00477] 15.8.4  Once the data correctly indicates the Bin, SKU, and quantity, the operator
presses OK.

[00478] 15.8.5  The bin quantity for the SKU will be reduced by the indicated quantity

and this item(s) will be associated with the defective item container within the PAV.

[00479] 15.8.6  The operator places the defective item in the defective item container

within the PAV cab.
[00480] 159 Defective item container needs to be emptied

[00481] 1509.1 Operator will use a button on the HMI to request an empty tote for use as

a defective item tote.

[00482] 15.9.2  The HMI will indicate that a defective item tote has been requested. The

notification will remain on the screen until a defective item tote has been received.

[00483] 15.9.3  The scheduler will add a defective item ‘operation’ to the very next plan

and will associate an empty tote with this operation.

[00484] 159.4  When the designated empty tote arrives at the tote lift, the operation will

be identified as ‘place defective items in tote’.

[00485] 15.9.5 The operator will transfer any defective items from the container within

the PAV to this tote and indicate that they have completed this operation.

[00486] 15.9.6  The system will disassociate the item(s) from the container and associate

them with the tote.
[00487] 15.9.7  The tote will be routed to the problem-solving area.
[00488] 15.10 Tote cannot be identified at head of sorter

[00489] 15.10.1 This can be either due to a no-read or due to no valid tote record being

found.

[00490] 15.10.2 Tote will be routed to the problem-solving area on the fourth floor.
[00491] 15.11 Tote cannot be read at PAV

[00492] 15.11.1 The operator will be notified of the no-read.

[00493] 15.11.2 The operator will scan or enter the tote barcode.
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[00494] 15.11.3 The tote will be operated on normally.
[00495] 160 Problem Solving Spur

[00496] 16.1 The problem-solving spur itself consists of a diverter from the main sorter
that feeds a simple conveyor that comes to a ‘dead end’ in the problem-solving area on the

fourth floor. There is no fixed mounted barcode scanner or HMI at the end of this conveyor.

[00497] 16.2 The customer is responsible for supplying a handheld device and

problem-solving application software that can handle all of the following.

[00498] 16.2.1  Defective product tote.

16.2.1.1 Tote will contain nothing but defective product(s) that were collected by a
PAYV operator.

16.2.1.2 Product will be removed by the problem solver.

162.1.3 Tote status will be set to “empty” and the FCA will be notified of the tote

data change.
16.2.14 Tote may now be used for any purpose or simply placed onto the manual

intervention stop on the empty tote buffer conveyor.

[00499] 16.2.2  Tote Rejected by PAV Operator

16.2.2.1 The PAV operator will have the ability to send any tote to the problem-
solving spur. The system will notify the WMS of the reason for the tote being rejected.

16.2.2.2 When the tote arrives at the problem-solving spur, the problem solver will

address the issue. Any changes to tote status or tote content must be sent to the FCA.

[00500] 16.2.3  Unreadable tote barcode.

16.2.3.1 Totes that cannot be read at the head of the sorter will be routed to the
problem-solving spur. Note that since the FCA could not read the barcode, there is no way for
the FCA to set a special status for the tote. So, the tote will simply show up with no other
‘problem’ specified. The operator will need to be trained to recognize this as likely being due to
a bad barcode.

16.2.3.2 The operator must clean or replace the unreadable barcode on the tote and
then release the tote back into the system via the manual intervention stop on the restock buffer

conveyor.

[00501] 16.2.4  Unknown tote (i.e., no tote data record).
16.2.4.1 Operator must resolve this by ensuring that the WMS has data for the tote
and that the WMS has notified the FCA of the tote data.
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[00502] 16.2.5  Removed SKU.

16.2.5.1 If the WMS has decided that a SKU is to be removed from the FCA (e.g.,
because the SKU has been discontinued), it will issue a removal request to the FCA. All
removed items of the SKU will be routed to the problem-solving spur in one or more totes
containing only this SKU.

16252 The operator must remove the items from the tote and set the tote status to
“empty.”
[00503] 16.2.6  Items that could not be stowed.

16.2.6.1 In the rare case that some portion of the content of a restock or
replenishment tote cannot be stowed in the system, due to not enough bin space remaining
anywhere in the FCA, the un-stowed portion will be routed to the problem-solving spur once
those are the only items remaining in the tote.

16.2.6.2 The operator can either remove the items and mark the tote as empty, or
leave the items in the tote and wait for another opportunity to release the tote back into the

system via the manual intervention stop on the restock buffer conveyor.
[00504] 17.0 Aisle Settings for Bypass/Disable/Enable

[00505] 17.1 There will be occasions when an aisle must be taken out of service for

various reasons, both planned and unplanned.
[00506] 17.2 Setting an aisle’s status to “Bypassed”

[00507] 1721 An aisle’s status may be set to Bypassed from the main system HMI or
the PAV HMI within that aisle by an operator with sufficient rights. The system HMI and
affected PAV HMI will indicate that the aisle is bypassed.

[00508] 17.2.2  When an aisle is bypassed, no additional totes will be diverted to this
aisle. The FCA and scheduler applications will stop planning additional totes/sorties for the

aisle.

[00509] 17.2.3  All totes already within the aisle may be processed normally according to

the plans already associated with them.

[00510] 17.2.4  Note that any totes outside of the bypassed aisle that contain restock or
replenishment items for SKU’s that only exist in bins within the bypassed aisle will continue to

circulate, waiting for the aisle to be re-enabled.

[00511] 17.2.5  Any pick requests that may have been previously planned for this aisle,

but are not already committed to totes within the aisle, will be re-considered by all other enabled
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aisles.

[00512] 17.2.6  See section 17.4 for guidance on when bypassing and aisle may be

appropriate.
[00513] 173 Disabling an Aisle

[00514] 17.3.1 An aisle’s status may be set to Disabled from the main system HMI or the
PAV HMI within that aisle by an operator with sufficient rights. The system HMI and affected
PAV HMI will indicate that the aisle is disabled.

[00515] 17.3.2  When an aisle is disabled, no additional totes will be diverted to this aisle.

The FCA and scheduler applications will stop planning additional totes/sorties for the aisle.

[00516] 17.3.3  Disabling an aisle causes the FCA to immediately mark all bins within the
aisle as disabled. This causes the system to ignore this product in terms of SKU quantities
available for use within the FCA. It also causes the system to ignore these SKU-to-bin
assignments. Essentially, as far as the system is concerned, the aisle and the bins within it do
not exist.

17.3.3.1 The FCA will immediately notify the WMS of the bin status changes.
The WMS may decide that certain pick requests can no longer be serviced within the FCA and
will tell the FCA to cancel these pick requests.

[00517] 17.3.4  The FCA will delete all plans associated with totes that are currently

within the aisle.

[00518] 17.3.5  The FCA may internally set certain pick operations as ‘undoable’ based
on lack of available items (due to bins being disabled). This may result in changes to tote

statuses and also may result in changes in tote batching.

[00519] 17.3.6  If a shipment relies on a pick request that has been set as undoable
internally by the FCA, the FCA may do the following:

17.3.6.1 Create a batch (if it didn’t already exist) and send the completed portion
downstairs.
17.3.6.2 Wait on the undoable operation(s) to either become doable (e.g., aisle re-

enabled or additional stock received) or to be cancelled by the WMS. If the WMS cancels the
undoable operation(s) then the WMS will be notified that the batch is now complete (i.e., the

totes already released are the last totes of the batch).

[00520] 17.3.7  Disabling the aisle does not directly disable the aisle spur conveyors.

Totes that are already in the spur will continue to be processed if possible.
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[00521] 17.3.8  Disabling an aisle does not directly disable the vehicles in that aisle. All
operator controls within the PAV are still fully functional. However, since all bins have been

disabled, no actual picking or stowing may be done.
[00522] 174 Enabling an Aisle

[00523] 174.1 A previously disabled aisle may be enabled from the main system HMI or
from the PAV HMI within that aisle, by an operator with sufficient system rights.

[00524] 17.4.2  Once an aisle is enabled, or a pending purge has been cancelled, normal

scheduling will immediately resume for the aisle.

[00525] 17.4.3  While the aisle was not enabled, the problem solver will have been
updating bin data appropriately if any manual bin content changes occurred. So, the system will

pick back up with full knowledge of the current state of the bins.

[00526] 17.4.4  If the aisle had been bypassed, then the system will assume that its

knowledge of tote statuses and locations is still valid.

[00527] 17.4.5  If the aisle had been disabled, then the plan data for any totes within the
aisle will have been deleted. Any totes discovered within the aisle will pass through with no
operations being performed. Operation will only resume after receiving ‘fresh’ totes that are

diverted to the aisle from the sorter.
[00528] 18.0 Dealing with Aisle Outages
[00529] 18.1 Purging an Aisle

[00530] 18.1.1 If an aisle is operational, but needs to be taken out of service, an operator

with sufficient system rights may choose to first purge all totes out of the aisle.

[00531] 18.1.2  They may do this by first setting the aisle status to Bypassed, and then
continuing to process all remaining totes in the aisle until all totes are completed and released

back to the configurator.
[00532] 18.2 Momentary Outage

[00533] 18.2.1 An example of a momentary outage might be at change of shift, or if the
operator needs to retrieve a dropped item.

18.2.1.1 No special steps need to be taken.

18.2.1.2 The system will continue to plan and operate in the same way as if an

operator simply took a really long time to complete a pick or stow operation.
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[00534] 183 Short-Term Outage

[00535] 183.1 An example of a short-term outage might be when some number of items
were dropped accidentally and it will take some significant amount of time to clean up (e.g.,

broken bottle of liquid), or some minor vehicle maintenance must be performed.
[00536] 18.3.2  The operator would set the aisle to Bypassed.

[00537] 18.3.3  If the outage occurs close to a critical pull time, and product within the

bypassed aisle is required to fulfill them, then some shipments may miss their ship time.
18.3.3.1 In order to give all totes their best opportunity of completing prior to

CPT, the operator may choose to purge all totes out of the aisle by continuing to process all

existing totes after putting the aisle into bypass.
[00538] 18.3.4  Once the issue is resolved, the aisle may simply be enabled.
[00539] 184 Long-Term Outage

[00540] 184.1 An example of a long-term outage might be when some major part of the
aisle has failed, such as the power rail or some portion of the conveyor spur. Another example
would be a major vehicle failure with no spare vehicle available to swap in its place.

18.4.1.1 Note that if a long-term outage is a planned outage (not as a result of an
immediate failure) then the suggested approach would be to first put the aisle into Bypass and
purge all totes out of the aisle by completing all operations on these existing totes, and then

switching to Disabled.

[00541] 18.4.2  Iftotes are ‘stuck’ in the aisle, the operator should remove them. The
totes may be transferred to the outgoing configurator spur conveyors or they may be removed
and reintroduced at the manual intervention stop on the restock buffer conveyor. See section

5.5.1 for vehicle manual functions that can aid in this.

[00542] 18.4.3  If the customer determines that the outage will be long enough to warrant
it, then they may choose to relocate material from the disabled aisle to other aisles within the
FCA or to other (manual) areas in the FC.

18.4.3.1 If product is removed from a bin, the problem solver must use their
customer-supplied tools to notify the FCA of the SKU, SKU quantity, and bin for each group of
items removed.

18.4.3.2 To relocate to another aisle in the FCA, the problem solver must use their
customer-supplied tools to associate the product with a tote and introduce the tote onto the

manual intervention stop on the restock buffer conveyor. This is the same as introducing any
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other restock or replenishment.
[00543] 19.0 PAV Operator Logins, Roles, and Permissions

[00544] 19.1 The customer will not be managing operator logins on their network (i.e.,

no Active Directory entries), so operator logins will be managed within the FCA database.

[00545] 19.2 The FCA will support multiple operator roles that can be assigned to

individual operator logins, with each role having a defined set of permissions in the system.

[00546] 193 Initially, a set of ‘generic’ operator logins (one login per role) will be
defined. The operators will share these logins. The customer may add personalized operator

logins to the system if they choose to do so.

[00547] 194 Logins will be managed via a simple interface provided on the system
HML

[00548] The following operator roles in Table 5 will be supported.

Table 5
Role PAV QA Bin Full Manual Disabling / Manage Logins
Operation | Verification | Control (e.g., Enabling
Jogging Lanes
Servos)
Operator X
QA Operator | X X
Maintenance | X X X
Supervisor X X X X X

[00549] 20.0 FCA Database and Scheduler Implementation Details
[00550] 20.1 These systems will be hosted on two physical servers.

[00551] 202 Each server will host one instance each of the Scheduler, the API web

server, and the FCA database.

[00552] 203 One server will host the ‘live’ Scheduler instance along with the ‘backup’

instances of the API web server and the FCA database.

[00553] 204 The other server will host the ‘live” instances of the API web server and
the FCA database along with the ‘backup’ instance of the Scheduler.

[00554] 205 If the live instance of one of the applications fails, the backup instance on

the other server will take over.

[00555] 20.6 The Scheduler and the API applications do not require persistent data and

therefore can fail-over without the need for data replication.

80



WO 2018/068026 PCT/US2017/055667

[00556] 20.7 The FCA database instances will be mirrored to support fail-over.

[00557] 20.8 There are certain failure modes that will result in the loss of some number
of ‘events’ (e.g., tote data change, etc.). Thus, when a fail-over occurs, totes that are at certain
critical locations (e.g., at the operator location on a PAV) may be routed to the problem-solving

area for verification/correction of the tote data.

[00558] 209 The system will notify the WMS of any fail-over/restart event. The WMS
will respond to this by re-sending the most recently sent shipments. The system will use the

unique shipment ID’s to filter out any redundant records.
[00559] 21.0 Configurable System Settings

[00560] 21.1 The system will have a number of configurable system settings that can
be used to modify the overall system behavior. The following is a partial list, along with what
are expected to be the initial values. It is fully expected that these values will be modified as the

real system’s performance is evaluated.

[00561] 21.1.1 Number of re-bin wall slots (used as the maximum number of shipments

per batch) — 60
[00562] 21.1.2  Maximum number of items (units) per batch — 300

[00563] 21.1.3  Pick operation cluster size (number of pick operations in a ‘cluster’ when

breaking large shipments into smaller units of work) — 3 SKU’s

[00564] 21.1.4  Batch completion time limit (maximum time from when the first tote of a

batch exits the configurator to when the last tote should exit) — 10 minutes
[00565] 21.1.5  Maximum number of SKU’s that may be mixed in a bin — 5

[00566] 21.1.6  Maximum fill percent by volume when planning SKU-to-bin assignments
- 80%

[00567] 21.1.7  Maximum fill percent by volume when planning tote usage — 80%

[00568] Some embodiments of the invention use one or more features shown and described
for the figures herein. Some embodiments of the invention use one or more features shown and
described in the patents and patent applications incorporated herein by reference combined with

one or more features shown and described for the figures herein.

[00569] In some embodiments, the present invention provides a method for order fulfillment,

the method including: storing items in bins located along one or more sides of an aisle; moving a

81



WO 2018/068026 PCT/US2017/055667

human operator picker and totes in a guided vehicle moving along the aisle; sequentially
presenting to the human operator picker identifications of items to be picked from the bins and
stowed in the totes; and collecting the totes for shipment to customers. In some such

embodiments, the items are identified by stock-keeping unit (SKU) identifiers.

[00570] In some embodiments, the present invention provides an apparatus that includes: an
automatically guided vehicle (AGV) that carries a human picker; a holder attached to the AGV,
wherein the holder holds a plurality of shipping containers, wherein the AGV moves to a
successive plurality of inventory stock bins so the human picker successively retrieves each of a
plurality of stock items from the stock bins and places the respective items in preselected ones of

the plurality of shipping containers based on a customer shipment order.

[00571] In some embodiments, the present invention provides an apparatus for order
fulfillment, the apparatus including: means for storing items, wherein the means for storing are
located along one or more sides of an aisle; means for moving a human picker and totes along
the aisle; means for sequentially presenting to the human picker identifications of items to be
picked from the bins and stowed in the totes; and means for collecting the totes for shipment to

customers.

[00572] In some embodiments, the present invention provides a method for order fulfillment,
the method including storing items in bins located along one or more sides of an aisle; moving a
picker and a first plurality of totes in a guided vehicle moving along the aisle; sequentially
presenting to the picker identifications of items to be picked from the bins and stowed in the first
plurality of totes to form processed totes; and collecting the processed totes for shipment to

customers.

[00573] In some embodiments of the method, the items are identified by stock-keeping unit
(SKU) identifiers. In some embodiments, the guided vehicle includes a second plurality of
restock totes that contain restock items, the method further including presenting to the picker
identifications of the restock items to be placed into at least some of the bins from the second

plurality of restock totes.

[00574] In some embodiments, the method further includes configuring the first plurality of
totes to be processed in the aisle; and shuttling the configured first plurality of totes to the
guided vehicle. In some embodiments, the method further includes configuring the first
plurality of totes to be processed in the aisle, wherein the configuring includes determining a
place and time to couple the first plurality of totes with the guided vehicle; shuttling the

configured first plurality of totes to the guided vehicle; and coupling the first plurality of totes to
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the guided vehicle. In some embodiments, the collecting of the processed totes includes:
uncoupling the processed totes from the guided vehicle; and shuttling the uncoupled processed

totes away from the guided vehicle.

[00575] In some embodiments of the method, the picker is a human operator picker, and
wherein the guided vehicle includes a cab for holding the human operator picker, the method
further including positioning the cab so that the human operator picker has access to the items to

be picked from the bins and stowed in the first plurality of totes.

[00576] In some embodiments of the method, the picker is a human operator picker, the
method further including identifying one or more defective items in the bins; providing the
human operator picker with a defective-item tote; stowing the one or more defective items in the
defective-item tote; and diverting the defective-item tote away from the first plurality of totes to

a problem-solving spur.

[00577] In some embodiments the method further includes configuring the first plurality of
totes to be processed in the aisle; and shuttling the configured first plurality of totes to the
guided vehicle, wherein the shuttling includes moving the first plurality of totes to the aisle on
an input conveyor, wherein the collecting of the processed totes includes: uncoupling the
processed totes from the guided vehicle; and shuttling the uncoupled processed totes away from
the guided vehicle and to an output conveyor that takes the uncoupled processed totes away

from the aisle.

[00578] In some embodiments, the method further includes vertically moving at least a first
one of the first plurality of totes on the guided vehicle. In some embodiments, the method
further includes horizontally moving at least a first one of the first plurality of totes on the

guided vehicle.

[00579] In some embodiments, the present invention provides a system that includes an
automatically guided vehicle (AGV) that carries a picker; and a holder attached to the AGV,
wherein the holder holds a first plurality of totes, wherein the AGV moves to a successive
plurality of inventory stock bins in an aisle so the picker successively retrieves each of a
plurality of stock items from the stock bins and places the respective items in preselected ones of
the first plurality of totes based on a customer shipment order to form a plurality of processed

totes.

[00580] In some embodiments, the system further includes a configurator that configures the
first plurality of totes to be processed based on the customer shipment order; and an input shuttle

configured to move the first plurality of totes from the configurator to the holder of the AGV. In
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some embodiments, the picker is a human picker, wherein the AGV includes a cab for holding
the human picker, and wherein the cab is configured to be positioned such that the human picker
has access to the plurality of stock items. In some embodiments, the holder further holds a
second plurality of restock totes that contain restock items to be placed into preselected ones of

the stock bins.

[00581] In some embodiments of the system, the holder is configured to place each one of
the first plurality of totes in a plurality of vertical positions on the holder. In some
embodiments, the holder is configured to place each one of the first plurality of totes in a

plurality of horizontal positions on the holder.

[00582] In some embodiments of the system, the picker is a human picker, wherein the
holder includes a tote-lift mechanism configured to present an incoming tote at an angle for the

human picker.

[00583] In some embodiments, the system further includes an output shuttle configured to
move the plurality of processed totes away from the AGV. In some embodiments, the system
further includes a configurator that configures the first plurality of totes to be processed based on
the customer shipment order, wherein the configurator includes an input conveyor and an output
conveyor; an input shuttle configured to move the first plurality of totes from the input conveyor
of the configurator to the holder of the AGV; and an output shuttle configured to move the

plurality of processed totes away from the AGV and to the output conveyor of the configurator.

[00584] In some embodiments of the system, the picker is a human operator picker, wherein
the holder further holds at least a first defective-item tote, wherein defective items identified by
the human picker are stowed in the at least first defective-item tote, the system further including
an output conveyor configured to move totes away from the aisle; an output shuttle configured

to move the plurality of processed totes and the at least first defective-item tote away from the

AGYV and to the output conveyor, wherein the output conveyor includes a diverter configured to
divert the at least first defective-item tote away from the plurality of processed totes and toward

a problem-solving spur.

[00585] In some embodiments, the system further includes a scheduler configured to plan
when and how all pick and stow operations are to be performed; and a configurator that controls
tote movements based at least in part on plans provided by the scheduler. In some
embodiments, the system further includes a scheduler configured to plan when and how all pick
and stow operations are to be performed; a configurator that controls movements of the first

plurality of totes to be processed based at least in part on plans provided by the scheduler,
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wherein the configurator includes an input conveyor and an output conveyor; an input shuttle
configured to move the first plurality of totes from the input conveyor of the configurator to the
holder of the AGV; and an output shuttle configured to move the plurality of processed totes

away from the AGV and to the output conveyor of the configurator.

[00586] In some embodiments, the present invention provides an apparatus for order
fulfillment, the apparatus including means for storing items, wherein the means for storing are
located along one or more sides of an aisle; means for moving a picker and totes along the aisle;
means for sequentially presenting to the picker identifications of items to be picked from the

bins and stowed in the totes; and means for collecting the totes for shipment to customers.

[00587] In some embodiments, the apparatus further includes means for planning when and
how all pick and stow operations are to be performed; and means for controlling movement of
the totes based at least in part on plans generated by the means for planning. In some
embodiments, the means for moving the picker and totes includes means for moving placing the

totes in a plurality of vertical positions and a plurality of horizontal positions.

[00588] In some embodiments, the present invention provides a method for order fulfillment,
the method including: storing items in bins located along one or more sides of an aisle; moving a
human operator picker and totes in a guided vehicle moving along the aisle; sequentially
presenting to the human operator picker identifications of items to be picked from the bins and
stowed in the totes; and collecting the totes for shipment to customers. In some such

embodiments, the items are identified by stock-keeping unit (SKU) identifiers.

[00589] In some embodiments, the present invention provides an apparatus that includes: an
automatically guided vehicle (AGV) that carries a human picker; a holder attached to the AGV,
wherein the holder holds a plurality of shipping containers, wherein the AGV moves to a
successive plurality of inventory stock bins so the human picker successively retrieves each of a
plurality of stock items from the stock bins and places the respective items in preselected ones of

the plurality of shipping containers based on a customer shipment order.

[00590] In some embodiments, the present invention provides an apparatus for order
fulfillment, the apparatus including: means for storing items, wherein the means for storing are
located along one or more sides of an aisle; means for moving a human picker and totes along
the aisle; means for sequentially presenting to the human picker identifications of items to be
picked from the bins and stowed in the totes; and means for collecting the totes for shipment to

customers.

[00591] In some embodiments, the present invention provides a method for order fulfillment,
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the method including: storing items in bins located along at least a first side of a first aisle;
moving a first guided vehicle horizontally along the first aisle; conveying horizontally, along a
first horizontal tote path that runs parallel to the first side of the first aisle, a first sequence of
totes moving to the first guided vehicle; conveying vertically each tote of the first sequence of
totes to a plurality of vertical locations, each of the plurality of locations being at different
heights next to the first guided vehicle; sequentially picking items to be picked from the bins and
stowing the picked items in the first sequence of totes; conveying horizontally, along the first
aisle, the first sequence of totes moving away from the first guided vehicle to an end of the first
aisle; and collecting the picked items from the first sequence of totes into shipping containers for

shipment to customers.

[00592] In some embodiments, the first guided vehicle carries a human operator picker, and
the sequential picking of items from the bins is performed by the human picker, and the method
further includes: moving horizontally the first guided vehicle to a first selected horizontal
location along the first aisle and moving vertically a first selected tote of the plurality of totes to
a first selected one of a plurality of different tote heights, such that the first selected tote is next
to a first selected bin; and moving vertically the human picker to a first selected one of a
plurality of different picker heights such that the human picker is next to the first selected tote
and the first selected bin so that the human picker picks a first selected item from the first

selected bin and places the first selected item into the first selected tote.

[00593] In some embodiments, the first guided vehicle carries a robotic picker, the sequential
picking of items from the bins is performed by the robotic picker, and the method further
includes: moving horizontally the first guided vehicle to a first selected horizontal location along
the first aisle and moving vertically a first selected tote of the plurality of totes to a first selected
one of a plurality of different tote heights, such that the first selected tote is next to a first
selected bin; and moving vertically the robotic picker to a first selected one of a plurality of
different picker heights such that the robotic picker is next to the first selected tote and the first
selected bin so that the robotic picker picks a first selected item from the first selected bin and

places the first selected item into the first selected tote.

[00594] In some embodiments, the conveying horizontally of the first sequence of totes to
the first guided vehicle and the conveying horizontally of the first sequence of totes from the
first guided vehicle to the end of the first aisle are performed on parallel horizontal tote paths,
and the totes moving towards the first guided vehicle and the totes moving away from the first

guided vehicle are moving in opposite horizontal directions.
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[00595] In some embodiments, the conveying horizontally of the first sequence of totes to
the first guided vehicle and the conveying horizontally of the first sequence of totes from the
first guided vehicle to an end of the first aisle at a first end of the first aisle are performed on
parallel horizontal tote paths in opposite horizontal directions from and to a first end of the first
aisle, and the method further includes: conveying horizontally a second sequence of totes to the
first guided vehicle; conveying vertically each tote of the second sequence of totes to a plurality
of vertical locations, each of the plurality of locations being at different heights next to the first
guided vehicle; sequentially picking items to be picked from the bins and stowing the picked
items in the second sequence of totes; conveying horizontally the second sequence of totes from

the first guided vehicle to a second end of the first aisle.

[00596] In some embodiments, the conveying horizontally along the first aisle of the first
sequence of totes to the first guided vehicle and the conveying horizontally of the first sequence
of totes from the first guided vehicle are both performed on a first horizontal tote path moving in
a single horizontal direction from a first end of the first aisle to a second end of the first aisle,
and the method further includes: conveying horizontally a second sequence of totes on a second
horizontal tote path along the first aisle to the first guided vehicle from the second end of the
first aisle; conveying vertically each tote of the second sequence of totes to a plurality of vertical
locations, each of the plurality of locations being at different heights next to the first guided
vehicle; sequentially picking items to be picked from the bins and stowing the picked items in
the second sequence of totes; and conveying horizontally the second sequence of totes on the

second horizontal tote path from the first guided vehicle to the first end of the first aisle.

[00597] In some embodiments, the conveying horizontally of the first sequence of totes to
the first guided vehicle and the conveying horizontally of the first sequence of totes from the
first guided vehicle to the end of the aisle are performed on a single horizontal tote path in a

single horizontal direction.

[00598] In some embodiments, the conveying vertically each tote to each of the plurality of
vertical locations is performed along a first upward vertical tote path and a first downward
vertical tote path in opposite vertical directions, and the method further includes: horizontally
transferring the sequence of totes between the first upward vertical tote path and the first

downward vertical tote path.

[00599] In some embodiments, the conveying horizontally of the first sequence of totes to
the first guided vehicle and the conveying horizontally of the first sequence of totes from the

first guided vehicle to the end of the first aisle are performed on a single horizontal tote path in a
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single horizontal direction, the conveying vertically each tote to each of the plurality of vertical
locations is performed along a first upward vertical tote path and a first downward vertical tote
path in opposite vertical directions, and the method further includes: horizontally transferring the
sequence of totes between the first upward vertical tote path and the first downward vertical tote

path.

[00600] Insome embodiments, the moving of the first guided vehicle along the first aisle
includes: supporting the first guided vehicle from below only on a first vehicle ground path
located only on a single side of the first horizontal tote path; supporting the first guided vehicle
from above on at least a first upper track, wherein the first upper track is parallel to the first
vehicle ground path; and moving the first guided vehicle to a plurality of different horizontal

locations along the first aisle.

[00601] In some embodiments, the conveying horizontally, along the first aisle, the first
sequence of totes moving away from the first guided vehicle to an end of the first aisle is done
on a second horizontal tote path that runs parallel to and in an opposite direction to the
conveying horizontally, along the first horizontal tote path, of the first sequence of totes moving
to the first guided vehicle, and the moving of the first guided vehicle along the first aisle
includes: supporting the first guided vehicle from below only on a first vehicle ground path
located between the first horizontal tote path and the second horizontal tote path; supporting the
first guided vehicle from above on at least a first upper track, wherein the first upper track is
parallel to the first vehicle ground path; and moving the first guided vehicle to a plurality of

different horizontal locations along the first aisle.

[00602] Some embodiments of the method further include: conveying horizontally, along a
second horizontal tote path that runs parallel to the horizontal tote path, a second sequence of
totes arriving to the first guided vehicle from a direction opposite the direction of the first
sequence of totes arriving to the first guided vehicle; conveying vertically each tote of the
second sequence of totes to a plurality of vertical locations, each of the plurality of locations
being at different heights next to the first guided vehicle; sequentially picking items to be picked
from the bins and stowing the picked items in the second sequence of totes; conveying
horizontally, along the first aisle, the second sequence of totes moving away from the first

guided vehicle to an end of the first aisle.

[00603] Some embodiments of the method further include: storing items in bins located
along both sides of a second aisle; moving the first guided vehicle to a second aisle; conveying

horizontally, along a horizontal tote path that runs parallel to sides of the second aisle, a second
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sequence of totes moving to the first guided vehicle; conveying vertically each tote of the second
sequence of totes to a plurality of vertical locations, each of the plurality of locations being at
different heights next to the first guided vehicle; sequentially picking items to be picked from
the bins and stowing the picked items in the second sequence of totes; conveying horizontally,
along the second aisle, the second sequence of totes moving away from the first guided vehicle
to an end of the second aisle; and collecting the picked items from the second sequence of totes

into shipping containers for shipment to customers.

[00604] In some embodiments, the present invention provides a method for order fulfillment,
the method including: storing items in bins located along one or more sides of an aisle; moving a
human operator picker and totes in a guided vehicle moving along the aisle; sequentially
presenting to the human operator picker identifications of items to be picked from the bins and
stowed in the totes; and collecting the totes for shipment to customers. In some embodiments,
the items are identified by stock-keeping unit (SKU) identifiers. In some embodiments, the
guided vehicle includes a second plurality of restock totes that contain restock items, and the
method further includes presenting to the human operator picker identifications of the restock

items to be placed into at least some of the bins from the second plurality of restock totes.

[00605] In some embodiments, the present invention provides an apparatus for order
fulfillment, the apparatus including: means for storing items in bins located along at least a first
side of a first aisle; means for moving a first guided vehicle moving along the first aisle; means
for conveying horizontally, along a first horizontal tote path that runs parallel to the first side of
the first aisle, a first sequence of totes moving to the first guided vehicle; means for conveying
vertically each tote of the first sequence of totes to a plurality of vertical locations, each of the
plurality of locations being at different heights next to the first guided vehicle; means for
sequentially picking items to be picked from the bins and stowing the picked items in the first
sequence of totes; means for conveying horizontally, along the first aisle, the first sequence of
totes moving away from the first guided vehicle to an end of the first aisle; and means for
collecting the picked items from the first sequence of totes into shipping containers for shipment

to customers.

[00606] Insome embodiments of the apparatus, the first guided vehicle carries a human
operator picker, and wherein the sequential picking of items from the bins is performed by the
human picker, and the apparatus further includes: means for moving horizontally the first guided
vehicle to a first selected horizontal location along the first aisle and moving vertically a first
selected tote of the plurality of totes to a first selected one of a plurality of different tote heights,

such that the first selected tote is next to a first selected bin; and means for moving vertically the
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human picker to a first selected one of a plurality of different picker heights such that the first
selected to the human picker is next to the first selected tote and the first selected bin so that the
human picker picks a first selected item from the first selected bin and places the first selected

item into the first selected tote.

[00607] In some embodiments of the apparatus, the means for conveying vertically each tote
to each of the plurality of vertical locations is performed along a first upward vertical tote path
and a first downward vertical tote path in opposite vertical directions, the apparatus further
comprising: means for horizontally transferring the sequence of totes between the first upward

vertical tote path and the first downward vertical tote path.

[00608] In some embodiments, the present invention provides an apparatus for order
fulfillment from stored items in a plurality of bins located along at least a first side of a first
aisle. This apparatus includes: a first guided vehicle configured to move horizontally along the
first aisle; a first horizontal tote-conveyor system positioned along a first horizontal tote path
that runs parallel to the first side of the first aisle, wherein the horizontal tote-conveyor system
moves a first sequence of totes to the first guided vehicle; a first vertical tote-conveyor system
operatively coupled to the first guided vehicle and configured to convey vertically each tote of
the first sequence of totes to a plurality of vertical locations, wherein each of the plurality of
locations of the first vertical tote-conveyor system is at a different height relative to the first
guided vehicle; and a first picker platform operatively coupled to the first guided vehicle and
configured to moves to one of a plurality of vertical positions to facilitate the movement of
picked items from the plurality of bins to stow in the first sequence of totes; wherein the first
horizontal tote-conveyor system moves the first sequence of totes away from the first guided

vehicle to a first end of the first aisle.

[00609] In some embodiments of the apparatus, the first guided vehicle is configured to carry
a human operator picker, the human picker sequentially picks items from the plurality of
plurality of bins and stows the picked items in the first sequence of totes, and the apparatus
includes: a horizontal vehicle-motion system operatively coupled to the first guided vehicle and
configured to move the first guided vehicle to a first selected horizontal location along the first
aisle, wherein the first vertical tote-conveyor system moves a first selected tote of the plurality
of totes vertically to a first selected one of a plurality of different tote heights, such that the first
selected tote is next to a first selected bin; and a vertical picker-motion system operatively
coupled to the first guided vehicle and configured to move the human picker vertically to a first
selected one of a plurality of different picker heights such that the the human picker is next to

the first selected tote and the first selected bin to pick a first selected item from the first selected
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bin and place the first selected item into the first selected tote.

[00610] Some embodiments of the apparatus further include: a robotic picker operatively
coupled to the first guided vehicle and configured to sequentially pick items from the plurality of
bins; a horizontal vehicle-motion system operatively coupled to the first guided vehicle and
configured to move the first guided vehicle horizontally to a first selected horizontal location
along the first aisle, wherein the first vertical conveyor system moves a first selected tote of the
plurality of totes vertically to a first selected one of a plurality of different tote heights, such that
the first selected tote is next to a first selected bin; and a vertical picker-motion system
operatively coupled to the first guided vehicle and configured to move the robotic picker to a
first selected one of a plurality of different picker heights such that the first selected to the
robotic picker is next to the first selected tote and the first selected bin so that the robotic picker
picks a first selected item from the first selected bin and places the first selected item into the

first selected tote.

[00611] Insome embodiments of the apparatus, the first horizontal tote-conveyor system
includes a plurality of parallel horizontal tote paths, the first sequence of totes moves towards
the first guided vehicle on a first one of the plurality of parallel horizontal tote paths and the first
sequence of totes moves away from the first guided vehicle on a second one of the plurality of

parallel horizontal tote paths in opposite horizontal directions.

[00612] In some embodiments of the apparatus, the first horizontal tote-conveyor system
includes a plurality of parallel horizontal tote paths, wherein the first sequence of totes move
towards the first guided vehicle on a first one of the plurality of parallel horizontal tote paths and
the first sequence of totes move away from the first guided vehicle on a second one of the
plurality of parallel horizontal tote paths in opposite horizontal directions from and to a first end
of the first aisle, wherein the first horizontal tote-conveyor system is configured to convey
horizontally a second sequence of totes to the first guided vehicle from a second end of the first
aisle; and wherein the apparatus further includes: a second vertical tote-conveyor system
operatively coupled to the first guided vehicle and configured to convey vertically each tote of
the second sequence of totes to a plurality of vertical locations, wherein each of the plurality of
locations on the second vertical tote-conveyor system is at a different height relative to the first
guided vehicle, wherein items are sequentially picked from the plurality of bins and stowed in
the second sequence of totes, and wherein the first horizontal tote-conveyor system conveys the
second sequence of totes horizontally from the first guided vehicle to a second end of the first

aisle.
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[00613] Insome embodiments of the apparatus, the first horizontal tote-conveyor system
includes a first horizontal tote path, wherein the first sequence of totes move towards the first
guided vehicle on the first horizontal tote path from a first end of the first aisle, and the first
sequence of totes move away from the first guided vehicle on the first horizontal tote path
towards a second end of the first aisle, wherein the first horizontal tote-conveyor system is
configured to convey horizontally a second sequence of totes to the first guided vehicle on a
second horizontal path from the second end of the first aisle, and the second sequence of totes
move away from the first guided vehicle on the second horizontal tote path towards the first end
of the first aisle; and the apparatus further includes: a second vertical tote conveyor system
operatively coupled to the first guided vehicle and configured to move each tote of the second
sequence of totes vertically to a plurality of vertical locations, each of the plurality of locations
being at different heights next to the first gnided vehicle such that each respective selected tote
of the second sequence of totes is next to a respective selected bin of the plurality of bins at
successive time periods to facilitate the pick of a selected item from the respective selected bin
and stow of the selected item into the respective selected tote to form a loaded tote, and wherein
the first horizontal tote-conveyor system horizontally conveys the second sequence of totes on

the second horizontal tote path from the first guided vehicle to the first end of the first aisle.

[00614] In some embodiments of the apparatus, the first horizontal tote-conveyor system has
a single horizontal tote path on which the first sequence of totes is horizontally conveyed to the
first guided vehicle and on which of the first sequence of totes are horizontally conveyed from

the first guided vehicle to the end of the aisle in a single horizontal direction.

[00615] In some embodiments of the apparatus, the first vertical tote-conveyor system
includes a mechanism that moves totes along a first upward vertical tote path and a mechanism
that moves totes along a first downward vertical tote path in opposite vertical directions, the
apparatus further including: a horizontal tote-transfer mechanism operatively coupled to the first
guided vehicle and configured to move the first sequence of totes between the first upward

vertical tote path and the first downward vertical tote path.

[00616] In some embodiments of the apparatus, the first horizontal tote-conveyor system has
a single horizontal tote path on which the first sequence of totes is horizontally conveyed to the
first guided vehicle and on which of the first sequence of totes are horizontally conveyed from
the first guided vehicle to the end of the aisle in a single horizontal direction; and wherein the
first vertical tote-conveyor system vertically conveys each tote to each of the plurality of vertical

locations is along a first upward vertical tote path and along a first downward vertical tote path,
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the apparatus further including: a horizontal tote-transfer mechanism operatively coupled to the
first guided vehicle and configured to move the first sequence of totes between the first upward

vertical tote path and the first downward vertical tote path.

[00617] Some embodiments of the apparatus further include: a lower support operatively
coupled to the first guided vehicle to support the first guided vehicle from below only on a first
vehicle ground path located only on a single side of the first horizontal tote path; an upper
support operatively coupled to the first guided vehicle to support the first guided vehicle from
above on at least a first upper track, wherein the first upper track is parallel to the first vehicle
ground path; and a motion device operatively coupled to the first guided vehicle to move the
first guided vehicle successively to a plurality of different horizontal locations along the first

aisle.

[00618] In some embodiments of the apparatus, the first horizontal tote-conveyor system
includes a first horizontal tote conveyor that moves the first sequence of totes along the first
aisle away from the first guided vehicle along the first horizontal tote path and a second
horizontal tote conveyor that is parallel to and moves totes in an opposite direction to the first
horizontal tote conveyor that moves a second sequence of totes away from the first gnided
vehicle to a second end of the first aisle on a second horizontal tote path that, and the apparatus
further includes: a lower support operatively coupled to the first guided vehicle to support the
first guided vehicle from below only between the first horizontal tote conveyor and the second
horizontal tote conveyor along a first vehicle ground path; an upper support operatively coupled
to the first guided vehicle to support the first guided vehicle from above on at least a first upper
track, wherein the first upper track is parallel to the first vehicle ground path; and a motion
device operatively coupled to the first guided vehicle to move the first guided vehicle
successively to a plurality of different horizontal locations along the first first vehicle ground

path.

[00619] In some embodiments of the apparatus, the first horizontal tote-conveyor system
includes a first horizontal tote conveyor that moves the first sequence of totes along the first
aisle away from the first guided vehicle along the first horizontal tote path and a second
horizontal tote conveyor that is parallel to and moves totes in an opposite direction to the first
horizontal tote conveyor that moves a second sequence of totes away from the first gnided
vehicle to a second end of the first aisle on a second horizontal tote path that is parallel to first
horizontal tote path, and the apparatus further includes: a second vertical tote-conveyor system
operatively coupled to the first guided vehicle and configured to convey vertically each tote of

the second sequence of totes to a plurality of vertical locations, wherein each of the plurality of
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locations of the second vertical tote-conveyor system is at a different height relative to the first
guided vehicle so that a picker sequentially picks items to be picked from the plurality of bins
and stows the picked items in the second sequence of totes, wherein the first horizontal tote-
conveyor system moves the second sequence of totes away from the first guided vehicle to a

second end of the first aisle.

[00620] In some embodiments of the apparatus, a plurality of bins is located along at least a
first side of a second aisle, wherein the first gnided vehicle is configured to move to the second
aisle, and the apparatus further includes: a second horizontal tote-conveyor system positioned
along a second horizontal tote path that runs parallel to the first side of the second aisle, wherein
the horizontal tote-conveyor system moves a third sequence of totes to the first guided vehicle in
the second aisle, wherein the first vertical tote-conveyor system is configured to convey
vertically each tote of the third sequence of totes to a plurality of vertical locations, wherein each
of the plurality of locations of the first vertical tote-conveyor system is at a different height
relative to the first guided vehicle such that items selected from the plurality of bins on the

second aisle are placed in the third sequence of totes.

[00621] Some embodiments of the apparatus further include a collection-and-shipping
system configured to collect the first sequence of totes and take the picked items from the first

sequence of totes and place the picked items into shipping containers for shipment to customers.

[00622] Itis to be understood that the above description is intended to be illustrative, and not
restrictive. Although numerous characteristics and advantages of various embodiments as
described herein have been set forth in the foregoing description, together with details of the
structure and function of various embodiments, many other embodiments and changes to details
will be apparent to those of skill in the art upon reviewing the above description. The scope of
the invention should be, therefore, determined with reference to the appended claims, along with
the full scope of equivalents to which such claims are entitled. In the appended claims, the
terms “including” and *“in which” are used as the plain-English equivalents of the respective

RT3

terms “comprising” and “wherein,” respectively. Moreover, the terms “first,” “second,” and
“third,” etc., are used merely as labels, and are not intended to impose numerical requirements

on their objects.
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CLAIMS:

1. A method for order fulfillment, the method comprising:

storing items in bins located along at least a first side of a first aisle;

moving a first guided vehicle horizontally along the first aisle;

conveying horizontally, along a first horizontal tote path that runs parallel to the first side
of the first aisle, a first plurality of totes and a second plurality of totes moving to the first
guided vehicle, wherein the first plurality of totes includes a first tote and a second tote, and
wherein the second plurality of totes includes a third tote that carries restock items;

conveying vertically each tote of the first plurality of totes and the second plurality of
totes sequentially from the first horizontal tote path to a different one of a plurality of vertical
locations, each of the plurality of vertical locations being in the first aisle and horizontally
adjacent to and at different heights relative to the first guided vehicle, wherein the conveying
vertically includes moving the second tote from a first vertical location of the plurality of
vertical locations to a second vertical location of the plurality of vertical locations while the
first tote remains vertically stationary at a third vertical location of the plurality of vertical
locations;

from the first guided vehicle, sequentially picking items to be picked from the bins and
stowing the picked items in selected totes of the first plurality of totes;

from the first guided vehicle, moving the restock items from the third tote to one of the
bins;

conveying horizontally, along the first aisle, the first plurality of totes moving away from
the first guided vehicle to an end of the first aisle; and

collecting the picked items from totes of the first plurality of totes into shipping

containers for shipment to customers.

2. The method of claim 1, wherein the first guided vehicle carries a human operator picker,
and wherein the sequential picking of items from the bins is performed by the human picker,
the method further comprising:

moving horizontally the first guided vehicle to a first selected horizontal location along the
first aisle and moving vertically a first selected tote of the plurality of totes to a first selected
one of a plurality of different tote heights, such that the first selected tote is next to a first

selected bin; and
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moving vertically the human picker to a first selected one of a plurality of different picker
heights such that the human picker is next to the first selected tote and the first selected bin so
that the human picker picks a first selected item from the first selected bin and places the first
selected item into the first selected tote.

3. The method of claim 1, wherein the first guided vehicle carries a robotic picker, and
wherein the sequential picking of items from the bins is performed by the robotic picker, the
method further comprising:

moving horizontally the first guided vehicle to a first selected horizontal location along the
first aisle and moving vertically a first selected tote of the plurality of totes to a first selected
one of a plurality of different tote heights, such that the first selected tote is next to a first
selected bin; and

moving vertically the robotic picker to a first selected one of a plurality of different picker
heights such that the robotic picker is next to the first selected tote and the first selected bin so
that the robotic picker picks a first selected item from the first selected bin and places the first
selected item into the first selected tote.

4. The method of claim 1, wherein the conveying horizontally of the first plurality of totes
to the first guided vehicle and the conveying horizontally of the first plurality of totes from
the first guided vehicle to the end of the first aisle are performed on parallel horizontal tote
paths, wherein the totes moving towards the first guided vehicle and the totes moving away

from the first guided vehicle are moving in opposite horizontal directions.

5. The method of claim 1, wherein the conveying horizontally of the first plurality of totes
to the first guided vehicle and the conveying horizontally of the first plurality of totes from
the first guided vehicle to an end of the first aisle at a first end of the first aisle are performed
on parallel horizontal tote paths in opposite horizontal directions from and to a first end of the
first aisle, the method further comprising:

conveying horizontally a second plurality of totes to the first guided vehicle;

conveying vertically each tote of the second plurality of totes to a plurality of vertical
locations, each of the plurality of locations being at different heights next to the first guided
vehicle;

sequentially picking items to be picked from the bins and stowing the picked items in the
second plurality of totes;
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conveying horizontally the second plurality of totes from the first guided vehicle to a

second end of the first aisle.

6. The method of claim 1, wherein the conveying horizontally along the first aisle of the
first plurality of totes to the first guided vehicle and the conveying horizontally of the first
plurality of totes from the first guided vehicle are both performed on a first horizontal tote
path moving in a single horizontal direction from a first end of the first aisle to a second end
of the first aisle, the method further comprising:

conveying horizontally a second plurality of totes on a second horizontal tote path along
the first aisle to the first guided vehicle from the second end of the first aisle;

conveying vertically each tote of the second plurality of totes to a plurality of vertical
locations, each of the plurality of locations being at different heights next to the first guided
vehicle;

sequentially picking items to be picked from the bins and stowing the picked items in the
second plurality of totes; and

conveying horizontally the second plurality of totes on the second horizontal tote path

from the first guided vehicle to the first end of the first aisle.

7. The method of claim 1, wherein the conveying horizontally of the first plurality of totes to
the first guided vehicle and the conveying horizontally of the first plurality of totes from the
first guided vehicle to the end of the aisle are performed on a single horizontal tote path in a

single horizontal direction.

8. The method of claim 1, wherein the conveying vertically each tote to each of the plurality
of vertical locations is performed along a first upward vertical tote path and a first downward
vertical tote path in opposite vertical directions, the method further comprising:

horizontally transferring the first plurality of totes between the first upward vertical tote
path and the first downward vertical tote path.

9. The method of claim 1, wherein the conveying horizontally of the first plurality of totes to
the first guided vehicle and the conveying horizontally of the first plurality of totes from the
first guided vehicle to the end of the first aisle are performed on a single horizontal tote path in

a single horizontal direction; and wherein the conveying vertically each tote to each of the
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plurality of vertical locations is performed along a first upward vertical tote path and a first
downward vertical tote path in opposite vertical directions, the method further comprising:

horizontally transferring the first plurality of totes between the first upward vertical tote
path and the first downward vertical tote path.

10. The method of claim 1, wherein the moving of the first guided vehicle along the first aisle
includes:

supporting the first guided vehicle from below only on a first vehicle ground path located
only on a single side of the first horizontal tote path;

supporting the first guided vehicle from above on at least a first upper track, wherein the
first upper track is parallel to the first vehicle ground path; and

moving the first guided vehicle to a plurality of different horizontal locations along the

first aisle.

11. The method of claim 1, wherein the conveying horizontally, along the first aisle, the first
plurality of totes moving away from the first guided vehicle to an end of the first aisle is done
on a second horizontal tote path that runs parallel to and in an opposite direction to the
conveying horizontally, along the first horizontal tote path, of the first plurality of totes moving
to the first guided vehicle, and wherein the moving of the first guided vehicle along the first
aisle includes:

supporting the first guided vehicle from below only on a first vehicle ground path located
between the first horizontal tote path and the second horizontal tote path;

supporting the first guided vehicle from above on at least a first upper track, wherein the
first upper track is parallel to the first vehicle ground path; and

moving the first guided vehicle to a plurality of different horizontal locations along the

first aisle.

12. The method of claim 1, further comprising:
conveying horizontally, along a second horizontal tote path that runs parallel to the
horizontal tote path, a second plurality of totes arriving to the first guided vehicle from a
direction opposite the direction of the first plurality of totes arriving to the first guided vehicle;
conveying vertically each tote of the second plurality of totes to a plurality of vertical
locations, each of the plurality of locations being at different heights next to the first guided
vehicle;
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sequentially picking items to be picked from the bins and stowing the picked items in the
second plurality of totes;

conveying horizontally, along the first aisle, the second plurality of totes moving away
from the first guided vehicle to an end of the first aisle.

13. The method of claim 1, further comprising:

storing items in bins located along both sides of a second aisle;

moving the first guided vehicle to a second aisle;

conveying horizontally, along a horizontal tote path that runs parallel to sides of the
second aisle, a second plurality of totes moving to the first guided vehicle;

conveying vertically each tote of the second plurality of totes to a plurality of vertical
locations, each of the plurality of locations being at different heights next to the first guided
vehicle;

sequentially picking items to be picked from the bins and stowing the picked items in the
second plurality of totes;

conveying horizontally, along the second aisle, the second plurality of totes moving away
from the first guided vehicle to an end of the second aisle; and

collecting the picked items from the second plurality of totes into shipping containers for

shipment to customers.

14. An apparatus comprising:

an automatically guided vehicle (AGV) that carries a human picker;

a holder attached to the AGV; and

one or more conveyors that successively convey a plurality of arriving totes to the holder
and a plurality of departing totes from the holder,

wherein the holder is configured to hold a first plurality of totes, wherein each of the first
plurality of totes is configured to receive picked items,

wherein the holder is further configured to hold a second plurality of totes that contain
restock items to be placed into preselected ones of a plurality of inventory stock bins, and

wherein the AGV is configured to move to successive ones of a plurality of inventory
stock bins such that the human picker successively retrieves each of a plurality of stock items
from the successive ones of the plurality of inventory stock bins and places the respective

items in preselected ones of the plurality of totes based on a customer shipment order.
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15. An apparatus for order fulfillment, the apparatus comprising:

means for storing items in bins located along at least a first side of a first aisle;

means for moving a first guided vehicle moving along the first aisle;

means for conveying horizontally, along a first horizontal tote path that runs parallel to
the first side of the first aisle, a first sequence of totes and a second sequence of totes moving
to the first guided vehicle, wherein the first sequence of totes includes a first tote and a
second tote, and wherein the second sequence of totes includes a third tote that carries restock
items;

means for conveying vertically each tote of the first sequence of totes to a plurality of
vertical locations, each of the plurality of locations being at different heights next to the first
guided vehicle, wherein the means for conveying vertically is configured to move the second
tote from a first vertical location of the plurality of vertical locations to a second vertical
location of the plurality of vertical locations while the first tote remains vertically stationary
at a third vertical location of the plurality of vertical locations;

means for sequentially picking items to be picked from the bins and stowing the picked
items in the first sequence of totes;

means for moving the restock items from the third tote to one of the bins;

means for conveying horizontally, along the first aisle, the first sequence of totes moving
away from the first guided vehicle to an end of the first aisle; and

means for collecting the picked items from the first sequence of totes into shipping

containers for shipment to customers.

16. The apparatus of claim 15, wherein the first guided vehicle carries a human operator
picker, and wherein the sequential picking of items from the bins is performed by the human
picker, the apparatus further comprising:

means for moving horizontally the first guided vehicle to a first selected horizontal
location along the first aisle and moving vertically a first selected tote of the plurality of totes to
a first selected one of a plurality of different tote heights, such that the first selected tote is next
to a first selected bin; and

means for moving vertically the human picker to a first selected one of a plurality of
different picker heights such that the first selected to the human picker is next to the first
selected tote and the first selected bin so that the human picker picks a first selected item from

the first selected bin and places the first selected item into the first selected tote.
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17. The apparatus of claim 15, wherein the means for conveying vertically each tote to each of

the plurality of vertical locations is performed along a first upward vertical tote path and a first

downward vertical tote path in opposite vertical directions, the apparatus further comprising:
means for horizontally transferring the sequence of totes between the first upward vertical

tote path and the first downward vertical tote path.

18. An apparatus for order fulfililment from stored items in a plurality of bins located along
at least a first side of a first aisle, the apparatus comprising:

a first guided vehicle configured to move horizontally along the first aisle;

a first horizontal tote-conveyor system positioned along a first horizontal tote path that
runs parallel to the first side of the first aisle, wherein the horizontal tote-conveyor system
moves a first sequence of totes and a second sequence of totes to the first guided vehicle,
wherein the first sequence of totes includes a first tote and a second tote, wherein the second
sequence of totes includes a third tote that carries restock items;

a first vertical tote-conveyor system operatively coupled to the first guided vehicle and
configured to convey vertically each tote of the first sequence of totes to a plurality of vertical
locations, wherein each of the plurality of vertical locations of the first vertical tote-conveyor
system is at a different height relative to the first guided vehicle, wherein the first vertical
tote-conveyor system is further configured to move the second tote from a first vertical
location of the plurality of vertical locations to a second vertical location of the plurality of
vertical locations while the first tote remains vertically stationary at a third vertical location
of the plurality of vertical locations; and

a first picker platform operatively coupled to the first guided vehicle and configured to
moves to one of a plurality of vertical positions to facilitate the movement of picked items
from the plurality of bins to stow in the first sequence of totes and to facilitate movement of
the restock items from the third tote to one of the plurality of bins; wherein the first
horizontal tote-conveyor system moves the first sequence of totes away from the first guided
vehicle to a first end of the first aisle.

19. The apparatus of claim 18, wherein the first guided vehicle is configured to carry a
human operator picker, and wherein the human picker sequentially picks items from the
plurality of plurality of bins and stows the picked items in the first sequence of totes, the
method apparatus comprising:

a horizontal vehicle-motion system operatively coupled to the first guided vehicle and
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configured to move the first guided vehicle to a first selected horizontal location along the
first aisle, wherein the first vertical tote-conveyor system moves a first selected tote of the
plurality of totes vertically to a first selected one of a plurality of different tote heights, such
that the first selected tote is next to a first selected bin; and

a vertical picker-motion system operatively coupled to the first guided vehicle and
configured to move the human picker vertically to a first selected one of a plurality of
different picker heights such that the human picker is next to the first selected tote and the
first selected bin to pick a first selected item from the first selected bin and place the first

selected item into the first selected tote.

20. The apparatus of claim 18, further comprising:

a robotic picker operatively coupled to the first guided vehicle and configured to
sequentially pick items from the plurality of bins;

a horizontal vehicle-motion system operatively coupled to the first guided vehicle and
configured to move the first guided vehicle horizontally to a first selected horizontal location
along the first aisle, wherein the first vertical conveyor system moves a first selected tote of the
plurality of totes vertically to a first selected one of a plurality of different tote heights, such
that the first selected tote is next to a first selected bin; and

a vertical picker-motion system operatively coupled to the first guided vehicle and
configured to move the robotic picker to a first selected one of a plurality of different picker
heights such that the first selected to the robotic picker is next to the first selected tote and the
first selected bin so that the robotic picker picks a first selected item from the first selected bin

and places the first selected item into the first selected tote.

21. The apparatus of claim 18, wherein the first horizontal tote-conveyor system includes a
plurality of parallel horizontal tote paths, wherein the first sequence of totes moves towards the
first guided vehicle on a first one of the plurality of parallel horizontal tote paths and the first
sequence of totes move away from the first guided vehicle on a second one of the plurality of

parallel horizontal tote paths in opposite horizontal directions.

22. The apparatus of claim 18, wherein the first horizontal tote-conveyor system includes a
plurality of parallel horizontal tote paths, wherein the first sequence of totes move towards the
first guided vehicle on a first one of the plurality of parallel horizontal tote paths and the first
sequence of totes move away from the first guided vehicle on a second one of the plurality of
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parallel horizontal tote paths in opposite horizontal directions from and to a first end of the first
aisle, wherein the first horizontal tote-conveyor system is configured to convey horizontally a
second sequence of totes to the first guided vehicle from a second end of the first aisle; and
wherein the apparatus further includes:

a second vertical tote-conveyor system operatively coupled to the first guided vehicle and
configured to convey vertically each tote of the second sequence of totes to a plurality of
vertical locations, wherein each of the plurality of locations on the second vertical
tote-conveyor system is at a different height relative to the first guided vehicle, wherein items
are sequentially picked from the plurality of bins and stowed in the second sequence of totes,
and wherein the first horizontal tote-conveyor system conveys the second sequence of totes

horizontally from the first guided vehicle to a second end of the first aisle.

23. The apparatus of claim 18, wherein the first horizontal tote-conveyor system includes a
first horizontal tote path,

wherein the first sequence of totes move towards the first guided vehicle on the first
horizontal tote path from a first end of the first aisle, and the first sequence of totes move away
from the first guided vehicle on the first horizontal tote path towards a second end of the first
aisle,

wherein the first horizontal tote-conveyor system is configured to convey horizontally a
second sequence of totes to the first guided vehicle on a second horizontal path from the second
end of the first aisle, and the second sequence of totes move away from the first guided vehicle
on the second horizontal tote path towards the first end of the first aisle; the apparatus further
including:

a second vertical tote conveyor system operatively coupled to the first guided vehicle and
configured to move each tote of the second sequence of totes vertically to a plurality of vertical
locations, each of the plurality of locations being at different heights next to the first guided
vehicle such that each respective selected tote of the second sequence of totes is next to a
respective selected bin of the plurality of bins at successive time periods to facilitate the pick of
a selected item from the respective selected bin and stow of the selected item into the respective
selected tote to form a loaded tote, and wherein the first horizontal tote-conveyor system
horizontally conveys the second sequence of totes on the second horizontal tote path from the
first guided vehicle to the first end of the first aisle.
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24. The apparatus of claim 18, wherein the first horizontal tote-conveyor system has a single
horizontal tote path on which the first sequence of totes is horizontally conveyed to the first
guided vehicle and on which of the first sequence of totes are horizontally conveyed from the

first guided vehicle to the end of the aisle in a single horizontal direction.

25. The apparatus of claim 18, wherein the first vertical tote-conveyor system includes a
mechanism that moves totes along a first upward vertical tote path and a mechanism that moves
totes along a first downward vertical tote path in opposite vertical directions, the apparatus
further including:

a horizontal tote-transfer mechanism operatively coupled to the first guided vehicle and
configured to move the first sequence of totes between the first upward vertical tote path and
the first downward vertical tote path.

26. The apparatus of claim 18, wherein the first horizontal tote-conveyor system has a single
horizontal tote path on which the first sequence of totes is horizontally conveyed to the first
guided vehicle and on which of the first sequence of totes are horizontally conveyed from the
first guided vehicle to the end of the aisle in a single horizontal direction; and wherein the first
vertical tote-conveyor system vertically conveys each tote to each of the plurality of vertical
locations is along a first upward vertical tote path and along a first downward vertical tote path,
the apparatus further including:

a horizontal tote-transfer mechanism operatively coupled to the first guided vehicle and
configured to move the first sequence of totes between the first upward vertical tote path and

the first downward vertical tote path.

27. The apparatus of claim 18, further comprising:

a lower support operatively coupled to the first guided vehicle to support the first guided
vehicle from below only on a first vehicle ground path located only on a single side of the first
horizontal tote path;

an upper support operatively coupled to the first guided vehicle to support the first guided
vehicle from above on at least a first upper track, wherein the first upper track is parallel to the
first vehicle ground path; and

a motion device operatively coupled to the first guided vehicle to move the first guided

vehicle successively to a plurality of different horizontal locations along the first aisle.
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28. The apparatus of claim 18, wherein the first horizontal tote-conveyor system includes a
first horizontal tote conveyor that moves the first sequence of totes along the first aisle away
from the first guided vehicle along the first horizontal tote path and a second horizontal tote
conveyor that is parallel to and moves totes in an opposite direction to the first horizontal tote
conveyor that moves a second sequence of totes away from the first guided vehicle to a second
end of the first aisle on a second horizontal tote path that, and wherein the apparatus further
includes:

a lower support operatively coupled to the first guided vehicle to support the first guided
vehicle from below only between the first horizontal tote conveyor and the second horizontal
tote conveyor along a first vehicle ground path;

an upper support operatively coupled to the first guided vehicle to support the first guided
vehicle from above on at least a first upper track, wherein the first upper track is parallel to the
first vehicle ground path; and

a motion device operatively coupled to the first guided vehicle to move the first guided
vehicle successively to a plurality of different horizontal locations along the first vehicle
ground path.

29. The apparatus of claim 18, wherein the first horizontal tote-conveyor system includes a
first horizontal tote conveyor that moves the first sequence of totes along the first aisle away
from the first guided vehicle along the first horizontal tote path and a second horizontal tote
conveyor that is parallel to and moves totes in an opposite direction to the first horizontal tote
conveyor that moves a second sequence of totes away from the first guided vehicle to a second
end of the first aisle on a second horizontal tote path that is parallel to first horizontal tote path,
and wherein the apparatus further includes:

a second vertical tote-conveyor system operatively coupled to the first guided vehicle and
configured to convey vertically each tote of the second sequence of totes to a plurality of
vertical locations, wherein each of the plurality of locations of the second vertical
tote-conveyor system is at a different height relative to the first guided vehicle so that a picker
sequentially picks items to be picked from the plurality of bins and stows the picked items in
the second sequence of totes, wherein the first horizontal tote-conveyor system moves the

second sequence of totes away from the first guided vehicle to a second end of the first aisle.
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30. The apparatus of claim 18, wherein a plurality of bins is located along at least a first side of
a second aisle, wherein the first guided vehicle is configured to move to the second aisle, and
wherein the apparatus further includes:

a second horizontal tote-conveyor system positioned along a second horizontal tote path
that runs parallel to the first side of the second aisle, wherein the horizontal tote-conveyor
system moves a third sequence of totes to the first guided vehicle in the second aisle, wherein
the first vertical tote-conveyor system is configured to convey vertically each tote of the third
sequence of totes to a plurality of vertical locations, wherein each of the plurality of locations
of the first vertical tote-conveyor system is at a different height relative to the first guided
vehicle such that items selected from the plurality of bins on the second aisle are placed in the

third sequence of totes.

31. The apparatus of claim 18, further comprising:
a collection-and-shipping system configured to collect the first sequence of totes and take
the picked items from the first sequence of totes and place the picked items into shipping

containers for shipment to customers.
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