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vertical level is different from the second vertical level, (a) selecting a transport device configured to transfer the selected bot from
the first vertical level to the second vertical level in a vertical direction; and (b) outputting a control signal to the selected bot causing

the selected bot to move to a first position associated with the selected transport device.



ABSTRACT

A method includes receiving a request to transport an item from a first location to a
second location; selecting a bot for transporting the item from the first location to the second
location; determining a first vertical level associated with an initial location of the selected
bot and a second vertical level associated with a destination of the selected bot; determining
whether the first vertical level associated 1s different than the second vertical level. The
method turther includes, in response to the determination that the first vertical level 1s
ditferent from the second vertical level, (a) selecting a transport device configured to transfer
the selected bot from the first vertical level to the second vertical level in a vertical direction:
and (b) outputting a control signal to the selected bot causing the selected bot to move to a

first position associated with the selected transport device.
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MULTI LEVEL ROBOTICS AUTOMATION

CROSS-REFERENCE TO RELATED APPLICATIONS
[0000] This application claim benefit to US non-provisional application 16/159,276 filed

October 12, 2018, the entire contents of which are incorporated herein by reference.

BACKGROUND

[0001] A warehouse floor may include a plurality of storage racks that each contain one or
more 1tems. When an item 1s to be retrieved from one of the plurality of storage racks, a
robot may be used to transport the one of the plurality of storage racks to a retrieval location
at which the item 1s retrieved from the one of the plurality of storage racks. The transport
path taken by the robot may depend on various factors such as a layout of the warehouse
floor.

[0002] The foregoing “Background™ description is for the purpose of generally presenting
the context of the disclosure. Work of the inventor, to the extent it is described in this
background section, as well as aspects of the description which may not otherwise qualify as
prior art at the time of filing, are neither expressly or impliedly admitted as prior art against

the present invention.
SUMMARY

[0003] According to an embodiment of the present disclosure, there is provided a method for
multi floor robotics automation. The method includes receiving a request to transport an item
from a first location to a second location; selecting, using processing circuitry of a server, a
bot from a plurality of bots for transporting the item from the first location to the second
location, the bot selected based on at least a type of the item to be transported; determining,

using the processing circuitry, a first vertical level associated with an initial location of the
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selected bot and a second vertical level associated with a destination of the selected bot; and
determining whether the first vertical level associated with the 1nitial location of the selected
bot 1s different than the second vertical level associated with the destination of the selected
bot. The method further includes, in response to the determination that the first vertical level
1s different from the second vertical level, (a) selecting, using the processing circuitry, a
transport device configured to transfer the selected bot from the first vertical level to the
second vertical level in a vertical direction; and (b) outputting a control signal to the selected
bot, the control signal causing the selected bot to move to a first position associated with the
selected transport device.

[0004] According to an embodiment of the present disclosure, there is provided a system for
multi floor robotics automation. The system includes one or more transport devices
configured to transfer bots in a vertical direction; a plurality of bots; and a server including
processing circuitry. The processing circuitry is configured to receive a request to transport
an 1tem from a first location to a second location, select a bot from the plurality of bots for
transporting the item from the first location to the second location, the bot selected based on
at least a type of the item to be transported, determine a first vertical level associated with an
mitial location of the bot and a second vertical level associated with a destination of the

selected bot, determine whether the first vertical level associated with the initial location of
the selected bot is different than the second vertical level associated with the destination of
the selected bot, and in response to the determination that the first vertical level is different

from the second vertical level, (a) select a transport device from the one or more transport

devices to transfer the selected bot from the first vertical level to the second vertical level,

and (b) output a control signal to the selected bot, the control signal causing the selected bot

t0 move to a first position associated with the selected transport device.

D
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[0005] The foregoing paragraphs have been provided by way of general introduction, and are
not intended to limit the scope of the following claims. The described embodiments, together

with further advantages, will be best understood by reference to the following detailed

description taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] A more complete appreciation of the disclosure and many of the attendant advantages
thereot will be readily obtained as the same becomes better understood by reference to the
following detailed description when considered in connection with the accompanying
drawings, wherein:
[0007] FIG. 1 1s a schematic that shows a storage and retrieval system according to one
example;
[0008] FIG. 2 1s a block diagram that shows components of a server, a bot, and a transport
device according to one example;
[0009] FIG. 3 1s a schematic that shows a coordinate system of the transport device
according to one example;
[0010] FIG. 4 1s a schematic that shows the system architecture for the storage and retrieval
system according to one example;
[0011] FIG. 5 1s a flowchart for a process for controlling the transport device and the bot
according to one example;

[0012] FIGS. 6A and 6B are schematics that show multiple positions associated with a lift

according to one example;

[0013] FIG. 7 is a flowchart for a process for transporting an item from a first location to 2

second location according to one example;
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10014] FIG. 8 1s a tlowchart for a process for controlling the transport device according to

one example;

[0015] FIG. 9 1s a tlowchart for a process for multi floor robotics automation according to

one example;

[0016] FIG. 10 1s a tlowchart for a process for determining a preferred route for the bot
according to one example;

[0017] FIG. 11 1s a tflowchart for a process for managing a multifloor warehouse according
to one example;

[0018] FIG. 12 1s a flowchart for a process for identifying an inventory location according to

one example;

[0019] FIG. 13 1s a flow chart for a process of choosing a bot in accordance with a cost

according to one example;

[0020] FIG. 14 1s a flow chart for a process of choosing a lift in accordance with a cost

according to one example;

10021] FIG. 15 1s a flow chart for a process of managing a navigation of the bot according to

one example;

[0022] FIG. 16 is a schematic that shows an order flow in the system according to one

example; and

10023] FIG. 17 1s a block diagram of a computer according to one example.

DETAILED DESCRIPTION
[0024] The terms ““a” or “an”, as used herein, are defined as one or more than one. The term
“plurality”, as used herein, is defined as two or more than two. The term “another”, as used
herein, is defined as at least a second or more. The terms “including” and/or “having”, as

used herein, are defined as comprising (i.e., open language). The term “coupled”, as used

CA 3058634 2019-10-11



heren, 1s defined as connected, although not necessarily directly, and not necessarily
mechanically. The term “program™ or “computer program™ or similar terms, as used herein,
1s defined as a sequence of instructions designed for execution on a computer system. A
“program’’, or “computer program”, may include a subroutine, a program module, a script, a
function, a procedure, an object method, an object implementation, in an executable
application, an applet, a servlet, a source code, an object code, a shared library / dynamic load
library and/or other sequence of instructions designed for execution on a computer system.
[0025] Reterence throughout this document to "one embodiment”, “certain embodiments”,
'an embodiment”, “an implementation”, “an example” or similar terms means that a
particular feature, structure, or characteristic described in connection with the embodiment is
included 1n at least one embodiment of the present disclosure. Thus, the appearances of such
phrases or in various places throughout this specification are not necessarily all referring to
the same embodiment. Furthermore, the particular features, structures, or characteristics may
be combined in any suitable manner in one or more embodiments without limitation.

[0026] The term “or™ as used herein is to be interpreted as an inclusive or meaning any one
or any combination. Therefore, *A, B or C” means “any of the following: A; B; C: A and B:
A and C; B and C; A, B and C”. An exception to this definition will occur only when a

combination of elements, functions, steps or acts are in some way inherently mutually

exclusive.

0027} Reterring now to the drawings, wherein like reference numerals designate i1dentical or
corresponding parts throughout several views, the following description relates to a system

and assoclated methodology for multi-level robotics automation.
[0028] Described herein is a flexible system that optimizes the usage of both vertical and
horizontal space in a warehouse. The warehouse may be a multi-floor warehouse. Multi-

tloor warehouses are used to manage required inventory storage capacity when the warehouse
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1s space constrained horizontally. As described further below, racks can be transported
across vertical floors by robots using lifts. Lifts may be used to move the robots between
floors or when the robots transport an inventory storage rack across floors to an optimal
storage location, to a pick and pack workstation, to a dock for transportation, or the like as
would be understood by one of ordinary skill in the art.

0029] The disclosed embodiments provide significantly advantageous features. For
example, as further described herein, vertical space utilization is optimized. Thus, a larger
amount of imventory can be stored and hence procured in a warechouse. Furthermore,
embodiments of the disclosed system do not require manual intervention, thereby increasing
the etficiency of pick/put operation. Additionally, the system may be integrated with other
GTP (good to person) technologies and in brown-field warehouses.

[0030] FIG. I 1s a schematic that shows a storage and retrieval system 102 according to one
example. The storage and retrieval system 102 may be implemented in a retail distribution
center or warehouse. The warehouse may include multiple levels (e.g., multiple floors,
multiple subfloors, or mezzanine levels). The storage and retrieval system 102 may include a
server 104, one or more transport devices 106 (e.g., lift, elevator), and one or more robots 108
(reterred to herein as “bots™).

[0031] The server 104 may receive orders from multiple customers. Each order may specity
one or more items available in the warehouse. The one or more items of each order may be
retrieved from storage. Further, the server 104 may receive requests from an operator to store
one or more 1tems. The one or more items to be stored or retrieved may be transported via
the bots 108. The server 104 may include a processor 202 and communication circuitry 204

as shown in FIG. 2.
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[0032] The server 104 may coordinate operations between the one or more transport devices
106 and the one or more bots 108. The server 104 may also control the speed, position, and
acceleration of each of the one or more transport devices 106 and the bots 108.

[0033] The server 104, the one or more transport devices 106, and the one or more bots 108
may communicate via a network 110. The network 110 may be a wired network, a wireless
network, or a combination of a wireless and wired network using any suitable type and/or
number of communication protocols. The server 104 may be communicatively coupled to a
database 112. The database 112 may store a log of the status of each of the one or more
transport devices 106 and each of the one or more bots 108. The database 112 may be a
cloud based database. Further, the database 112 may store information and specification
associated with each transport device 106. For example, the database 112 may store any one
or a combination of transport device type, a position (e.g., coordinates relative to the
warehouse), a maximum load threshold, a maximum speed, maximum capacity, tloors and/or
locations serviced by the transport device 106 for each transport device 106.

[0034] The bot 108 may include a processor 210 and communication circuitry 212 as shown
in FIG. 2. The bot 108 may be controlled via the server 104 via the network 110. In some
embodiments, the bot 108 movement may be controlled by markers (e. g., barcodes). For
example, the sever 104 may output a command to the bot 108 to move from a first barcode

associated with a first location to a second barcode associated with a second location. The

bot 108 may output bot parameters to the server 104 such as the bot position, bot velocity, bot

status, and the like. The bots may use optical, Bluetooth, and radio frequency (RF) oguldance

mechanism to move between different locations.

[0035] A transport device 106 may include processing circuitry 206 and communication
cireuntry 208 as shown in FIG. 2. The transport device 106 may be configured to transport

one or more bots (e.g., loaded or unloaded) of the same or different type. The transport
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device 106 may be an elevator, escalator, conveyor, cantilever system, or any other device
that is capable of moving a bot 108 to one or more different locations. The transport device
106 may also include sensors that detect the position of the bot 108 inside the transport
device. In some embodiments, the server 104 may optimize the order in which the bots are
loaded/unloaded in the transport device 106. The transport device 106 may include movable
and non-movable transport devices (i.e., not at fixed location). The transport device 106 may
be moved between floors or between various areas of a floor of the warechouse. The
coordinates of the transport device 106 may be updated 1n the database 112 in response to
detecting a change 1n the position of the transport device 106. The position of a movable
transport device 106 may be determined by the system 102 based on demand and throughput
of an area of the warehouse.

[0036] The transport device 106 may transport bots in the vertical and/or horizontal
direction. The transport device 106 may have a single opening, two openings, or three or
more openings. The openings may be of the same or different dimensions. An opening may
be used as an entrance/exit, an entrance, or an exit. The system 102 may include transport
devices 106 of the same type or different types. The different types of transport devices 106
may have one or a combination of different number of openings, dimensions, maximum load

thresholds, maximum capacities (e.g., based on one or more dimensions), service areas, etc.
[0037] The bot 108 and the transport device 106 may communicate via a predetermined

communication channel to provide redundancy and an additional security layer in
communications. As an example, the bot 108 and transport device 106 may communicate
using the HTTP protocol.  For example, the server 104 may output one or more control
signals to the bot 108 to move to the transport device 106 and to a position inside the

transport device 106. The bot 108 may be instructed to move to one of a plurality of markers
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located on the transport device 106 or to a location that 1s relative to a marker located 1n the
transport device 106 or located at an entrance to the transport device 106.

[0038] In a multi-floor warehouse, vertical space is utilized in the warehouse and inventory
1s stored 1n all the floors of the warchouse. Inventory can be transported in racks to different
floors for pick/put operations or storage using the transportation devices and/or the bots 108.
Pick/put stations may be located on one or more floors of the warehouse. Bots may move
with or without racks across floors using the transportation devices 106. The system 102
manages movements of the inventory (i.e., initial location, relocation), the floors, the
transportation devices, and the bots.

[0039] The server 104 may 1dentify a preferred storage level in the warehouse based on a
plurality of factors. For example, the preferred storage level may be selected for an
item/article based on an article type. The preferred storage level may also be selected based
on a throughput of the item type. For example, the server 104 may retrieve the throughput of
an 1tem from the database 112 when a request to store an item is received. Then, the server
104 may 1dentify a storage location of a storage rack for the item which minimizes the time to
transport the item and/or the usage of the transport device 106. The preferred storage may be
a function of the availability of the transport devices, floating floors, and false floors in the
warchouse. The server 104 may determine a preferred layout of each floor of the warehouse.
T'he server 104 also determines the flow of inventory (in/out) of each floor. Fast moving
inventory may be stored at the lowest level of the warehouse while slow moving inventory
may be stored at an upper level of the warehouse. Further, fast moving inventory location
may be determined based on throughput (i.e., to maximize throughput efficiency). Slow

moving nventory location may be determined based on space (ie., to maximize space

etficiency). For example, when determining the location of an item having a low throughput
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(i.e., throughput below a predetermined value), the server 104 may associate a higher weight
to the space among other plurality of factors (e.g., retrieval time).

[0040] The server 104 may also determine the height of the inventory. The server 104 may
create stacks that can be moved by the bots. Stacks may be stocked on top of each other in
order to maximize the usage of the vertical space. For example, the vertical height of the
floor may be 4 meters and the racks may be 3 meters in height. The space between the last
rack and the ceiling (i.¢., 1 meter) may be filled with the stacks. The server 104 selects the
type of inventory to be stacked at the upper level. The server 104 stores updates to the
inventory/information in the database 112.

[0041] Bots 108 may include elevating bots that are capable to retrieve items from various
vertical inventory levels. In other words, the bots 108 may move in a vertical direction to
reach the racks and/or pellets stored at a high level. In one example, the bot 108 may retrieve
a rack from an upper level and transport the rack to a ground level of the warehouse. The
server 104 may select the bot 108 to transport the rack based on the size and weight of the
rack to be transported. Racks may be used to store pellets at a high level above grounds (e. g,
9 meters).

[0042] In some embodiments, the elevating bots are implemented using a rack system. The

bots 108 are transported on a rack. The rack may elevate the bots to a height so it can pull

inventory from any vertical level. Additionally or alternatively, mobile pallet units may be

used.

[0043] Each floor of the warehouse has different capabilities such as equipment to lift heavy
items.  Other capabilities include floor capacity, limitations, and characteristics (e.g.,
temperature controlled, highly secure zone). Thus, each floor may be associated with a

specitic type of inventory. Additional floors may be added to the warehouse based on the

10
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inventory. For example, the server 104 may reconfigure the floating tloors in response to
detecting an increase/decrease 1n the specific type of inventory.

[0044] The warehouse may include two or more buildings. The server 104 may coordinate
the movement of the bots 108 between various buildings of the warehouse.

[0045] In one example, the server 104 may monitor the level of inventory of each item at a
specific level (e.g., ground level). In response to determining that the level of inventory of an
item 1s below a predetermined threshold, the server 104 may control one or more bots to
move a stack of the item from a storage level to the specific level. For example, the item may
be moved from an upper level to the ground level when the ground level has a shortest
retrieval time. The factors for determining an optimal storage level may be weighted
independently and include, but are not limited to (i) a consumption pattern of a stock keeping
unit (SKU), (11) weight and physical properties of the SKU, (iii) storage density requirements
(e.g., a particular floor may be offering high density storage which may be required for
fulfilling an order), and (iv) affinity requirements (e.g., certain SKUSs are not kept with other
SKUs which are fast moving and generally kept on lower floors).

[0046] FIG. 3 1s a schematic that shows an embodiment of a coordinate system of the
transport device 302 according to one example. An origin of the coordinate system may be

associated with the transport device 302. In one example, the vertical level of each floor may

be associated with the z-coordinate. The vertical level may be associated with a floor, a
dynamic floor, or a false floor. The server 104 may update the coordinate of each floor in the

database 112 when the floating floors are reconfigured. Further, the coordinates of the

location of each transport device are stored in the database 112.

[0047] FIG. 4 1s a schematic that shows an embodiment of the system architecture 400 for
the storage and retrieval system 102 according to one example. The system architecture 400

includes the warehouse control engine 402, a transport devices engine 404, and a bots engine

11
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406. In one example, the warehouse control engine 402, a transport devices engine 404, and
a bots engine 406 may be implemented by the server 104. The engines and modules
described herein may be implemented as either software and/or hardware modules and may
be stored in any type of computer-readable medium or other computer storage device. For
example, each of the modules described herein may be implemented in circuitry that is
programmable (e.g. microprocessor-based circuits) or dedicated circuits such as application
specitic integrated circuits (ASICS) or field programmable gate arrays (FPGAS). In one
embodiment, a central processing unit (CPU) could execute software to perform the functions
attributable to each of the modules described herein. The CPU may execute software
Instructions written in a programing language such as Java, C, or assembly. One or more
software nstructions in the modules may be embedded in firmware, such as an erasable
programmable read-only memory (EPROM).

[0048] The warehouse control engine 402 outputs control commands to the transportation
devices engine 404 and the bots engine 406. The transport devices engine 404 controls the
transportation devices 106. The bots engine 406 controls the bots 108 based on the control
commands received from the warchouse control engine 402. The warehouse control engine
402 may manage a warchouse 412. In FIG. 4, the warehouse 412 may include a first floor
408 (or a frst vertical level) and a second floor 410. A transport device 414 transports the
bots 416a and 410b between the first floor 408 and the second floor 410. The warehouse 412
may also include racks 418a-d. The bots 416a and 416b may transport the racks between the
first tloor 408 and the second floor 410. Each floor may also include a pick/put area. The
first tloor 408 includes a first pick/put area 420a and the second floor 410 includes a second
pick/put area 420b.

[0049] FIG. 5 1s a flowchart illustrating an embodiment of a process 500 for controlling the

transport device 106 and the bot 108 according to one example. At step 502, the warehouse

12
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control engine 402 may receive an order requiring moving the bot 108 to a new location (i.e.,
destination). At step 504, the warehouse control engine 402 may determine whether the new
location 1s at a different vertical location from the bot’s current position. In response to
determining that the new location 1s at a different level resulting in a yes at step 504, the
process proceeds to step 506. In response to determining that the new location and the bot’s
current position have the same vertical level (e.g., equal z coordinate) resulting 1n a No at step
504, the process proceeds to step 518. At step 518, the warehouse control engine 402 may
output a control command to the bots engine 406 to move the bot 108 to the new location.
[0050] At step 506, the warehouse control engine 402 may output a command to the bots
engine 404 to move the bot to a transport device entry. The warehouse control engine 402
may select the bot 108 and the transport device 106 using the processes shown in FIGS. 7 and
10.

[0051] At step 508, the warehouse control engine 402 may output a command to the
transport devices engine 404 to move the transport device 106 to the vertical level of the bots
current position. At step 510, the warehouse control engine 402 may output a control
command to the bots engine 406 to move the bot 108 into the transport device 106. In turn,
the bots engine 406 may output a control signal to the bot 108 to move into the transport
device 106. At step 512, the warehouse control engine 402 may output a command to the
transport device engine 404 to move the transport device 106 to the vertical level of the new
location or destination. At step 514, the warehouse control engine 402 outputs a control
command to the bots engine 406 to move the bot 108 to the destination in response to
determining that the transport device 106 has reached the vertical level of the new location.
At step 516, the warehouse control engine 402 may update the status of the bot to “available”

when the bot reaches the new location.

13
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[0052] FIG. 6A 1s a schematic that shows predefined positions associated with each transport
device 106a, 106b according to one example. Position 602a is associated with transport
device 106a. A bot 108a may proceed to position 602a then to position 602b inside of the
transport device 106a when the transport device 106a 1s ready. For example, the server 104
instructs the bot 108a to enter the transport device 106a when the server 104 determines that
the transport device 108 1s ready to move the bot 108a to another location. Multiple
predetined positions 602¢, 602d may also be associated with a transport device 106b.

[0053] FIG. 6B 1s a schematic that shows an illustration of the movement of the bots
according to one example. Schematic 604 shows a bot 108b entering transport device 106¢
from a predetermined entrance side and a bot 108c exiting the transport device 106¢ via a
predetermined exit side. For a transport device with multiple openings, each opening may be
assigned as an entrance side or an exit side dynamically or on a fixed basis. Further, the
number ot usable openings may differ depending on the transport destination floor or
location. Schematic 606 shows bots 108d, 108e, exiting and entering the lift 106d from a
single side.

[0054] In one embodiment, the server 104 determines a transport path for a bot from a first
position to a second position. The path may include a change in the vertical level via one or
more transport devices 106. The path may be identified based on information about the

location of bots in the warehouse, transport devices 106, and the like. The server 104 may

transmit to the bot 108 information associated with the path. For example, the server 104
may output a series of instructions relative to markers in a specific order for the bot 108 to
follow. The server 104 may identify the transport device to be used based on a plurality of
factors. The plurality of factors may include the type of transport device 106, type of load
carried by the transport device 106, proximity of the bot 108 to the transport device 106,

current location of the transport device 106 (e.g., in the case of an elevator), the areas (e.g.,

14

CA 3058634 2019-10-11



floors) serviced by the transport device 106, transport speed of the transport device 106, etc.
For example, a bot 108 carrying a fragile item may be transported using a slow moving
transport device 106. The server 104 may assign all bots 108 loaded with fragile items to a
single transport device 106. Then, the server 104 may output a control signal to the transport
device 106 to control the speed of the hift to a suitable speed retrieved from database 112
based on the 1item type. A heavy item is assigned to a lift that has a load threshold greater
than the weight of the item. An exemplary process is shown in FIG. 7.

[00SS] FIG. 7 1s a tlowchart illustrating an embodiment of a process 700 for controlling a bot
108 to transport an item from a first location to a second location according to one example.
In some embodiments, the process 700 is implemented by the server 104.

[0056] At step 702, the server 104 identifies a bot 108 that is available to transport the item.
When a plurality of bots 108 are available to perform the task, one of the plurality of bots 108
may be selected based on the proximity of the bot 108 to the storage rack.

[0057] At step 704, the server 104 may determine whether a transport device 106 is needed
tor the available bot 108 to move to the first location. For example, the service 104
determines whether a vertical level associated with the first location corresponds to the
vertical level of the available bot. In response to determining that a transport device 106 is
not needed (e.g., when the vertical level associated with the first location corresponds to the
vertical level of the available bot), the process proceeds to step 708. In response to
determining that a transport device 106 is needed (e.g., when the vertical level associated
with the first location does not correspond to the vertical level of the available bot), the
process proceeds to step 706.

[0058] At step 706, the server 104 identifies a transport device 106 to transport the bot. For

example, the transport device 106 transports the bot 108 to a vertical level of the first location

based on any one or a combination of the plurality of factors described previously herein.

15

CA 3058634 2019-10-11



The plurality of tfactors may not include the type of the item when the process 1s to retrieve a

storage rack, store an item or a storage rack that 1s empty.

[0059] At step 708, the server 104 outputs one or more control signals to the bot 108 to
move the bot 108 to the first location. The server 104 may also send one or more control
signals to the transport device 106 when needed. At step 710, the server 104 outputs one or
more control signals to the bot 108 to retrieve/store the item. For example, the bot 108 1s
instructed to lift or lower a storage rack that contains the item.

[0060] At step 712, the server 104 determines whether a transport device 106 is needed for
the bot 108 to move to the second location. For example, the service 104 determines whether
a vertical level associated with the bot corresponds to the vertical level of the second location.
In response to determining that a transport device 106 is not needed (e¢.g., when the vertical
level associated with the second location corresponds to the vertical level of the first
location), the process proceeds to step 416. In response to determining that a transport device
106 1s needed (e.g., when the vertical level associated with the second location does not
correspond to the vertical level of the first location), the process proceeds to step 714.

[0061] At step 714, the server 104 identifies a transport device 106 based on any one or a
combination of the plurality of factors described previously herein. The plurality of factors

may not include the type of item when the request is to retrieve a storage rack to store an item
or a storage rack that is empty. At step 716, the server 104 may send control signals to the
bot to move to the second location. The server 104 may also send control signals to the

transport device 106 when needed.

[0062] Although the flow charts show specific orders of executing functional logic blocks,
the order of executing the logic blocks may be changed relative to the order shown, as will be
understood by one of ordinary skill in the art. Also, two or more blocks shown in succession

may be executed concurrently or with partial concurrence.
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[0063] In certain embodiments, one or more barriers (e.g., one or more boom barriers, doors,
movable floor barriers, etc.) may be provided at an opening of the transport device 106 for
safety and/or to prevent a bot from attempting to enter/exit a transport device 106 when the
transport device 106 1s not available and/or ready. Each barrier may be separately controlled
by the server 104. The server 104 may send control signals to the barrier to open/close based
on the status of the transport device 106. The barrier may also be controlled by the
processing circuitry 206 of the transport device 106.

[0064] In some embodiments, the barrier may be substantially a bar or gate like barrier that
may be linearly raised and lowered for blocking, for example, an entrance/exit of the
transport device 106 (e.g., an elevator). The barrier may be raised or lowered in any suitable
manner. In some embodiments an entry and exit barrier are the same on a particular floor
(e.g., single type entry). In other embodiments, the entry and exit barrier are opposite to each
other on a particular floor (e.g., double type entry).

[0065] In some embodiments, the transport device 106 is controlled based on a barrier
identification information (e.g., a barrier identifier). For example, the server 104 outputs a
barrier 1dentification information to a transport device 106 that is associated with a barrier of
the barrier identifier. The transport device 106 may determine the location (e g., vertical
level) based on the barrier identification. A first arithmetic operation may be applied to the
barrier identification information. For example, a first number may be subtracted from the
barrier 1dentification information (e.g., one). Then, a second arithmetic operation may be
applied (e.g., division by a predetermined number). The quotient obtained after the second
arithmetic operation may indicate the location (e.g., the vertical level). As an example, the
server 104 may send the transport device 106 a signal including 17 as the barrier
identification information. Then, the transport device 106 implements the first arithmetic

operation: 1-1=0, and the second arithmetic operation 0/2=0. Thus, the transport device 106

17

CA 3058634 2019-10-11



may go to a location (e.g., vertical level) associated with “0”. The transport device 106 may
output a control signal to the barrier to open once the transport device 106 reaches the
location associated with ©*0”. As another example, the server 104 may send the command 2"
to the transport device 106. The transport device 106 via the processing circuitry 206 may
implement the first arithmetic operation 2-1=1 and the second arithmetic operation 1/2=0.
Thus, the transport device 106 goes to the location associated with 0.

[0066] FIG. 8 1s a tlowchart for a process 800 for controlling a transport device 106
according to one example in which the transport device 106 is an elevator. The process 800
may be implemented by the transport device 106, the server 104, or the transport devices
engine 404.

[0067] At step 802, the transport device 106 receives a first command from the server 104.
The first command may include a vertical level associated with the destination of the
transport device 106 in the case of an elevator. Further, the first command may include
information such as moving speed. The first command may be the barrier identification

information as described previously herein.

[0068] At step 804, the processing circuitry 206 may activate a vertical/horizontal motion

controller of the transport device 106.

[0069] At step 806, the transport device 106 via the communication circuitry 208 sends an

acknowledgment that the transport device 106 has reached the vertical level. The transport

device 106 or server 104 may send a control signal to the bot 108 to move to the predefined

position inside the transport device 106.

[0070] At step 808, the transport device 106 may output a control signal indicated by the

first command received from the server 104 to open a barrier posttioned at an opening of the

transport device 106.
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[0071] At step 810, the transport device 106 may output an acknowledgment to the server
104 indicating that the barrier 1s open. The server 104 may send a control signal to one or
more bots 108 to enter/exit the transport device 106. At step 812, the transport device 106
may close the barrier. The transport device 106 may receive a signal from the server 104 to
close the barrier. In other example, the transport device 106 may close the barrier based on a
predetermined time included in the first command. For example, the server 104 based on the
number of bots to exit/enter and based on the speed of each bot may predetermine the period
between opening and closing the barrier.

[0072] At step 812, the transport device 106 may proceed to the next location (e.g., next
vertical level) included in the first command or receive a second command (e.g., to load a
second bot).

[0073] Steps 804-812 may be repeated to transport additional transport devices 106. For
example, the first command may include multiple vertical levels.

[0074] Each transport device of the transport devices 106 may be assigned to a specific zone.
In case of an emergency situation, the server 104 may send a control signal to all transport
devices 106 assigned to the specific zone to be deactivated.

10075] FIG. 9 1s a flowchart for a process 900 for multi floor robotics automation according

to one example. At step 902, the server 104 receives a request to transport an item from a

first location to a second location.

[0076] At step 904, the server 104 identifies a bot 108 based on any one or more of a

plurality of factors as described previously herein.
[0077] At step 906, the server 104 determines a first vertical level associated with an initial

location of the bot 108 and a second vertical level associated with a final destination of the

bot 10X,
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[0078] At step 908, the server 104 1dentifies a transport device 106 as described previously
herein.

[0079] At step 910, the server 104 outputs one or more control signals to the bot 108 to
move to a first position associated with the transport device 106. Further, the transport
device 106 may send to the server 104 an acknowledgment signal when the transport device
106 reaches the vertical level of the bot 108. The server 104 may output a second control
signal to the bot 108 when the status of the transport device 106 is ready. In some
embodiments, the handshake between the lift and bot happens when the bot reaches the entry
point. Whichever bot reaches the entry point first receives the lift for its usage according to
some embodiments. Further, the server 104 may output one or more signals to one or more
barriers associated with the transport device 106 to open and allow the bot 108 to enter, or
one or more other bots to first exit, the transport device 106.

[0080] FIG. 10 1s a flowchart for a process 1000 for determining a preferred route for the bot
108 according to one example. At step 1002, the server 104 identifies transport devices 106
associated with the bot 108. For example, the server 104 may identify all available transport
devices that may be used by the bot 108 to reach the destination. At step 1004, the server 104
determines the cost to the nearest transport device from the inventory position. The cost may

include travel time, energy usage, and the like. At step 1006, the server 104 may determine
the cost of the transport device usage for each transport device available. At step 1008, the
server 104 may determine the cost for the transport device to move to destination floor for
each available route. At step 1010, the server 104 may compare the total cost for the various
routes and for available transport devices and select the route with the lowest cost as the

preterred route.

[0081] FIG. 11 is a flowchart for a process 1100 for managing a multifloor warehouse

according to one example. At step 1102, the server 102 may determine whether a movement
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in the vertical direction 1s needed for a bot, a rack, a floating floor, or the like. In response to
determining that a movement in the vertical direction is needed, resulting in a yes at step

1102, the process proceeds to step 1104, In response to determining that a movement in the
vertical direction 1s not needed, resulting in a no at step 1102, the process proceeds to step
[106. A multifloor operation engine 1104 may control the movement of the bot, the rack, the
floating floor, or the like. At step 1108, the multifloor operation engine 1104 may output
navigation and mventory control at various levels (e.g., different floor levels). The control
command for the transport devices 106 may be output to the transport device core
architecture 1106, which may correspond to the transport devices engine 404 (Fig. 4).

[0082] FIG. 12 1s a flowchart for a process 1200 for identifying an inventory location
according to one example. At step 1202, an order details may be received by the server 104.
At step 1204, the server 104 1dentifies the inventory location associated with the order details.
The order may be retrieved from various locations of the warehouse. At step 1206, the server
104 determines the cost to various inventory locations. At step 1208, the server 1208 may
check whether the minimum cost corresponds to a multifloor operation (i.e., retrieving the
order involves changes in a vertical level). In response to determining that the minimum cost
corresponds to a multifloor operation, the process proceeds to step 1210. In response to

determining that the minimum cost does not correspond to a multifloor operation, the process
proceeds to step 1214. At step 1214, the bots engine 406 may control the bot 108 to retrieve

items associated with the order from location associated with the minimum cost. At step

1210, the multifloor path planning function may be implemented. For example, process 1000

of FIG. 10 may be implemented.

[0083] FIG. 13 1s a flow chart for a process for selecting a bot in accordance with a cost. In
some embodiments, the process illustrated in FIG. 13 is performed by the warehouse control

engine 402. The process in FIG. 13 may take place when step 904 (FIG. 9) 1s executed. The
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process may generally start at step 1300 where a static or dynamic cost C(R) of paths for a
complete grid (AXA) 1s loaded. The complete grid (AxA) may represent the complete
warehouse. The process proceeds to step 1302 where a real-time availability of the bots from
the server 1s retrieved. For example, the warehouse control engine 402 may retrieve a report
that indicates whether any one of the bots in the warehouse is currently available. This report
may be associated with a predetermined validity period, where after this period elapses, the
report 18 no longer valid and a new report is required to be retrieved. A bot may be
considered as being available, for example, when the bot is not currently assigned to a task
for moving inventory.

[0084] The process proceeds to step 1304 to identify the source location of inventory (e.g.,
original position of storage of inventory).. The process proceeds to step 1306 where the bot
with the minimum cost based on the received C(R) is chosen. For example, the bot with the
lowest minimum cost is selected for transporting an item.. In step 1308, a call to the function
to check the requirements of the lift is performed. For example, after the bot is selected, it is
determined whether a lift is required to transport an item.

[0085] FIG. 14 1s a flow chart for a process for choosing a lift in accordance with a cost. In
some embodiments, the process illustrated in FIG. 13 is performed by the warehouse control
engine 402. As an example, the process in FIG. 14 may be performed if the decision in step
004 (F1g. 5) 1s “yes™ or if it is determined after step 1308 (Fig. 13) that a lift is required. The
process may start in step 1400 where a lift among the available lifts is chosen. When a lift is
chosen, the process may be interrupted in step 1400i if the chosen lift reports failure or a halt
(e.g., lift stops moving before reaching desired destination).

[0086] The process proceeds to step 1402 where a position of an identified bot is retrieved.

The 1dentified bot may correspond to one of the bots indicated being available in step 1302.

The process proceeds to step 1404 where the static or dynamic cost to move the identified bot
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from position P1 to chosen lift 1 1s retrieved. The process proceeds to step 1406 where the
cost (Cwi) to wait for chosen lift 1 at the current time 1s calculated. The process proceeds to
step 1406 to calculate the cost (Ct1) to use lift 1 for transportation. The cost Ct1 may be based,
for example, on the speed of the lift or the floor of the destination. . The process proceeds to
step 1406 to calculate cost (CD1) to calculate the static or dynamic cost to move the bot from
the lift 1 to a destination point D1 such as a destination for the inventory being carried by the
robot.

[0087] The process proceeds to step 1410 to determine whether all lifts have been processed.
For example, m step 1410, 1t 1s determined whether all the costs calculated in each of steps
1404-1408 have been determined for each available lift. If all the bots have not been
processed, the process returns to step 1404. If all the lifts have been processed, the process
proceeds to step 1412 to calculate the total cost for lift i (e.g., Cli + Cwi + Cti + Cdi). The
process proceeds to step 1414 to determine the minimum Ci (total cost for lift i). The process
proceeds to step 1416 to choose the lift 1 and update the waiting times. For example, the lift
having the minimum Ci is chosen.

[0088] In some embodiments, that static cost referred to in FIGS. 13 and 14 refer to pre-
calculated costs. Furthermore, in some embodiments, dynamic costs referred to in FIGS. 13

and 14 refer to predictive costs at a particular time such as the current time or the current time

plus a predetermined offset.
[0089] FIG. 15 illustrates a process for controlling a navigation of a bot. The process 1n FIG.
I5> may take place once the lift in step 1416 of FIG. 14 is chosen. The process may generally

start 1n step 1500, where operation of the bot to the source of an item to be transported 1s
started. The process proceeds to step 1502 to identify a real-time path. For example, the
real-time path may be the path at the current time with the lowest transit time to the final

destination of the bot. The real-time path may be identified using any algorithm known to
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one of ordinary skill in the art for determining the best path from a source to destination such

as the Dykstra alogrithim or the A* algorithm.

|0090] The process proceeds to step 1504, where i1t 1s determined whether a lift 1s
operational. The lift being checked may correspond to the lift chosen in step 1416 (Fig. 14).
It the lift 1s operational, the process proceeds to step 1506 to start navigation of the bot
towards the lift. It the lift 1s not operational, the process proceeds to step 1508 to identify
another lift. For example, in step 1508, the process illustrated in FIG. 14 may be repeated.
[0091] FIG. 16 1s a schematic that shows an order flow 1600 in the system 102 according to
one example. The order flow 1600 may include client interface 1602, inventory management
1604, task management 1606, task executors 1608, and process flow 1610. The client
mterface 1602 may include the creation of an order. The order may be received via the
network 110. The order may be for retrieval or storage of one or more items. The inventory
management 1604 may include calculating a cost of the order and updating the order once the
pick/put operations are completed. The task management 1606 includes selecting a preferred
bot. For example, the process 900 of FIG. 9 may be implemented. The task executors 1608
may include the command controls outputted from the transport devices engines 404 and the
bots engine 406. The process flow 1610 may include the pick/put operations.

[0092] In some embodiments, the functions and processes of the server 104 may be
implemented by a computer 1726. Next, a hardware description of the computer 1726
accor