I*I Innovation, Sciences et Innovation, Science and CA 3054148 A1 2018/08/30
Développement economique Canada Economic Development Canada
Office de la Propriete Intellectuelle du Canada Canadian Intellectual Property Office (21) 3 054 1 48

12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1

(86) Date de depot PCT/PCT Filing Date: 2018/02/23 (51) CLInt./Int.Cl. GO6Q 70/06 (2012.01),
(87) Date publication PCT/PCT Publication Date: 2018/08/30 B65G 1/04(2006.01), GO6Q 10/06(2012.01)
: : - _ (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2019/08/20 ALERT INNOVATION INC.. US
(86) N° demande PCT/PCT Application No.: US 2018/019537
(72) Inventeurs/Inventors:
(87) N publication PCT/PCT Publication No.: 2018/156966 LERT. JOHN G., JR.. US:

(30) Priorité/Priority: 2017/02/24 (US62/463,017) FOSNIGHT, WILLIAM J., US
(74) Agent: RICHES, MCKENZIE & HERBERT LLP

54) Titre : SYSTEME ET PROCEDE DE GESTION DINVENTAIRE
(54) Title: INVENTORY MANAGEMENT SYSTEM AND METHOD

Kagional 10
Distribution < 14 4
Center{RLDC)

'56
Wiarket
Market « 18 ol TEEEDESIN
Distribution ' | N
¢ Center (MDC)
] T "t
Market
ey |

(57) Abrégée/Abstract:
A system comprising a fully automated supply chain, in combination with tracking technology and the unified commerce engine
(UCE). Such a system enables the exact location of every item (or each) to be tracked from the manufacturer's facility to a
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(57) Abrege(suite)/Abstract(continued):

customer's bag. In accordance with one example, the supply chain comprises an order fulfillment system having a regional
distribution center with RDC robotic automation configured to accept one or more incoming pallets, each pallet having a plurality of
common cases of goods with each case of goods containing a plurality of common eaches; the RDC robotic automation further
configured to remove and store the common cases of goods; the RDC robotic automation further configured to provide one or
more outgoing pallets in response to a distribution center order, each outgoing pallet having a plurality of mixed cases of goods; a
market distribution center having MDC robotic automation configured to accept one or more of the outgoing pallets, the MDC
robotic automation further configured to remove mixed cases of goods from the one or more outgoing pallets; the MDC robotic
automation further configured to remove and store eaches from each of the mixed cases of goods in an MDC storage system, the
MDC robotic automation further configured to selectively retrieve eaches from the MDC storage system and fill order totes with
mixed each subtotes Iin response to a market order. The MDC robotic automation further configured to fulfill the market order with a
plurality of common or different order totes and subtotes that flexibly match the sales velocity of the market.




wO 2018/156966 A 1 I M0 10 T O R 0 0 A

CA 03054148 2015-08-20

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual P t
(19) World Intellectual Property NN A T 00 AR OO A Y A0

Organization
(10) International Publication Number

International Bureau
WO 2018/156966 Al

(43) International Publication Date

30 August 2018 (30.08.2018) WIPO | PCT

(51) International Patent Classification: (72) Inventors: LERT, John G., Jr.; 101 Billerica Av-
G060 10/06 (2012.01) B65G 1/04 (2006.01) enue., Bldg. 3, North Billerica, Massachusetts 01862 (US).
G060 10/08 (2012.01) FOSNIGHT, William J.; 101 Billerica Avenue., Bldg. 3,

North Billerica, Massachusetts 01862 (US).

PCT/US2018/019337 (74) Agent: MARCUS, Brian I.; Vierra Magen Marcus LLP,
101 Mission Street, Suite 400, San Francisco, California
94105 (US).

(21) International Application Number:

(22) International Filing Date:
23 February 2018 (23.02.2018)
(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
(26) Publication Language: English AQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

(25) Filing Language: English

(30) Priority Data:

62/463,017 24 February 2017 (24.02.2017) US HR. HU. ID. IL. IN. IR, IS, JO, JP, KE, KG, KH. KN, KP,
(71) Applicant: ALERT INNOVATION INC. [US/US]; 101 KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ML,
Billerica Avenue., Bldg. 3, North Billerica, Massachusetts MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
01862 (US). OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(534) Title: INVENTORY MANAGEMENT SYSTEM AND METHOD

kegional 10
Distribution < 14 4

?u?lml‘“’“t 18 Market
tfﬁ#‘gﬂ%}ﬂwﬁh Market«" "~ 22 ENSES
N Distribution
v Center (MDC) T = :

(57) Abstract: A system comprising a fully automated supply chain, in combination with tracking technology and the unified commerce
engine (UCE). Such a system enables the exact location of every item (or each) to be tracked from the manufacturer's facility to a
customer's bag. In accordance with one example, the supply chain comprises an order fulfillment system having a regional distribution
center with RDC robotic automation configured to accept one or more mcoming pallets, each pallet having a plurality of common
cases of goods with each case of goods containing a plurality of common eaches; the RDC robotic automation further configured
to remove and store the common cases of goods; the RDC robotic automation turther configured to provide one or more outgoing
pallets in response to a distribution center order, each outgoing pallet having a plurality of mixed cases of goods; a market distribution
center having MDC robotic automation configured to accept one or more of the outgoing pallets, the MDC robotic automation further
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configured to remove mixed cases of goods from the one or more outgoing pallets; the MDC robotic automation further configured

to remove and store eaches from eac!

1 of the mixed cases of goods in an MDC storage system, the MDC robotic automation further

configured to selectively retrieve eac!

1es from the MDC storage system and 1ill order totes with mixed each subtotes in response to a

market order. The MDC robotic automation turther configured to fulfill the market order with a plurality of common or different order

totes and subtotes that tflexibly match

the sales velocity of the market.
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INVENTORY MANAGEMENT SYSTEM AND METHOD

Priority Claim

[0001] The present application claims priority to U.S. Provisional Patent Application No.
62/463,017, tiled on February 24, 2017, entitled “INVENTORY MANAGEMENT SYSTEM

AND METHOD,” which application is incorporated by reference herein in its entirety.

Background

[0002] In a chain of conventional self-service stores, the most cost-efficient method of
replenishing store inventories, by far, is by the “case”, that is, to supply stores with the shipping
cases of products received from supplying manufacturers. The alternative is to replenish by the
“each” or “eaches”, 1.e. to supply stores with individual product units in less-than-case
quantities, but that method 1s so much more costly that universally the primary unit of
replenishment in large-format stores like supermarkets and hypermarkets is by the cases

shipped in pallet shipments.

[0003] In a conventional distribution model, the retailer receives pallets of cases at a
distribution center (“DC”), the essential role of which is to replenish the inventories in a
network of stores by periodically shipping to each store a specific set of cases of products that
are needed (have been “ordered”) by that store. In the vast majonty of DCs, those orders are
fulfilled using a manual case-picking process in which pallets of cases are arrayed 1n aisles and
human operators travel from one product pallet to another to transter from each the number of
cases ordered by the store, placing the selected cases on an order pallet to be shipped to the
store. Those systems are not secure In that human intervention results in inventory losses. Even

systems that have some degree of automation do not have an effective tracking system for

tracking eaches from manufacturer to customer.
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Description

[0004] FIG. 1 is an illustrative system for implementing the steps in accordance with the

aspects of the embodiment;

[0005] FIG. 2 is a process flow diagram;

[0006] FIG. 3 is an illustrative system;
[0007] FIG. 4 is a market distribution center;
[0008] FIG. 5 is an automated distribution center to market process;

10009] FIG. 6 1s an automated decant;

[0010] FIG. 7 is an automated decant;

[0011] FIG. 8 is a system for sub tote transfers;
[0012] FIG. 9 is a system for tote transfers;
[0013] FIG. 10 1s a replenishment system,;
[0014] FIG. 11 is a manual decanting system;
[0013] FI1G. 12 is a sub tote transfer system,;
[0016] FIG. 13 is a sub tote transfer system;

(0017] FIG. 14 is an each picking workstation;

[001 8] FIG. 15 is an each picking workstation;
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[0019] FIG. 16 shows completed order storage;
[0020] FIG. 17 shows order consolidation;
[0021] FIG. 18 shows order delivery; and
[0022j FIG. 19 shows order delivery.

[0023] Referring now to FIG. 1, there is shown an 1illustrative system 10 for
implementing the steps in accordance with the aspects of the embodiment. Although the
present embodiment will be described with reference to the example embodiment or
embodiments illustrated in the figures, it should be understood that many alternative forms can
embody the present invention. One of skill in the art will additionally appreciate different ways

to altér the parameters of the embodiment(s) disclosed in a manner still in keeping with the

spirit and scope of the present invention.

[0024] The disclosed embodiment may utilize apparatus and methods as disclosed in U.S.
Patent Number 9,139,363 and entitled “Automated System for Transporting Payloads”, U.S.
Patent Number 9,598,239 and entitled “Automated System for Transporting Payloads”, U.S.
Patent Application Number 15/171,802 filed June 2, 2016 and entitled “Storage and Retrieval
System”, U.S. Patent Application Number 15/591,956 filed May 10, 2017 and entitled “Order
Fulfillment System”, U.S. Patent Application Number 15/816,832 filed November 17, 2017
and entitled “Order Fulfillment System”, U.S. Patent Application Number 15/867,373 filed
January 10, 2018 and entitled “System and Method of Robot Task Assignment and
management”, U.S. Patent Application Number 15/826,045 filed November 29, 2017 and
entitled “Inventory Management System”, U.S. Patent Application Number 15/884,677 filed
January 31, 2018 and entitled “Automated Proxy Picker System for Non-Fungible Goods”; and
U.S. Patent Application Number 15/884,938 filed January 31, 2018 and entitled “Packing by

Destination for Automated Fulfilled Goods” all of which are incorporated by reference herein

in their entirety.

[0025] In accordance with the disclosed embodiment, an automated retail supply chain

enables market inventory reduction, item level traceability and manufacturer consignment.
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Here, rapid replenishment of SubTotes matched in size to market velocity (rate of sale of
eaches) enables market to decrease inventory on-hand, and offer higher number of SKUs in
same or smaller facility as opposed to where markets receive eaches in case or break-pack level
not matched to their store vel ocity. Here, eaches are secured in an automated supply chain with
full traceability from receiving of pallet from manufacturer at a Regional Distribution Center
(RDC) to sale to customer in an order bag. Such an automated supply chain enables a
consignment model where the manufacturer may maintain ownership of goods until the point
of sale or delivery. Further, the manufacturer has real time visibility of their inventory via a
unified commerce engine throughout the entire supply chain process. The manufacturer may
also have access to customer trends and data. As seen in FIG. 1, palletized cases of goods 12
are received at one or more regional distribution center (RDC) 14 where the regional
distribution center supplies palletized mixed cases of goods 16 to market distribution center
(MDC) 18 where the market distribution center decants and stores like eaches tn various sized
subtotes 24 and supplies totes containing mixed each subtotes 20, 22 to market 26 as will be
described in greater detail below. As an alternative, shipments may be made to stores or
markets in Totes directly from the distribution center with no market distnibution center or the
function of the regional distribution center and market distribution centers may be combined.
The market distribution center enables sufficient scale to afford automated decanting, as well
as limits the cost of transporting eaches in totes and subtotes to a localized, for example
metropolitan area. The more efficient shipping of eaches in densely pack cases on pallets can
be maintained between the regional distribution center and the market distnbution center. The
market distribution center further offers the capability to store a large selection of goods that a

customer may order to be delivered to their market on the next rapid replenishment delivery,

that is not regularly stored at the market.

[0026] Referring now to FIG. 2, there is shown process flow diagram 50. In 52, the
manufacturer ships one or more pallet(s) containing cases of eaches to a Regional Distnbution
Center (RDC). In 54, the pallet ID along with case data i1s collected and stored in the Unified
Commerce Engine (UCE). Pallet, case and item IDs may be barcode labels, RFID tags, or
comparable tracking systems. In 56, the pallet is received within the RDC using an Automated
Storage and Retrieval System (AS/RS), Alphabot PalletBot. In 58, an order for case
replenishment is received from the Market Distribution Center (MDC). In 60, a pallet

containing Cases is automatically retrieved from storage. In 62, a robot picks a layer of cases
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to create a “Rainbow Pallet” or individual cases to create a “Mixed Pallet”. In 64, a rainbow or
mixed pallet ID is created and stored in the UCE along with case data. In 66, a rainbow or
mixed case pallet is received at the MDC. In 68, the UCE calculates a distribution of eaches
per subtote (SubTote size) based on served market each velocities. In 70, cases are
automatically decanted into a distribution of subtotes sizes and totes of MDC with the Alphabot
system. In 72, each data, along with associated parent case and pallet ID, and now subtote and
tote ID are stored in the UCE. In 74, the tote containing subtotes is stored in the Alphabot
system and corresponding locations stored 1n the UCE. In 76, the order tfor SubTote (Eaches)
repleﬁishment is received from the market. In 78, bots retrieve product tote (P-Tote) containing
SubTotes and empty Order Tote (O-Tote) to a Picking Workstation. In 80, SubTotes are
automatically transferred from P-Tote to O-Tote. In 82, subtote and each location are stored in
the UCE. In 82, all upstream parent case and pallet data relationships are preserved. In decision
84, is the O-Tote full of P-Totes? If Yes 86 then go on to 90. If No 88 then go to 80. In 90, a
bot transports mixed SKU O-Tote to and loads the tote into a rack or alternatively presents to
robot to stack on a pallet. In 92, a tote pallet ID is created and stored in the UCE along with the
Tote, SubTote, Each and Parent Data. In decision 94, is the pallet full of O-Totes? If Yes 96
then go to 100. If No 98 then go to 90. In 100, the rack or alternatively pallet of O-Totes is
loaded into a truck for shipment to market. In 102, the rack or pallet of O-Totes is received at
Market and the Totes are transferred automatically into the Market Alphabot System. In 104,
the SubTote and Each Location is stored in UCE where all upstream Parent Case and Pallet
Data relationships are preserved 104. In 106, a customer order 1s received and scheduled for
picking. In 108, the Material Control System (MCS) calculates the order bag packing
distribution and sequence. In 110, bots retrieve P-Totes containing ordered Each SubTotes and
O-Tofe containing empty order bags to a picking workstation. In 112, each is transferred from
P-Tote SubTote to O-Tote Order Bag either in an automated fashion or manual fashion with

machine vision tracking. In 114, the Each Location in Order Bag 1s stored in the UCE where

all parent data relationships are preserved. In decision 116, are all Eaches transferred to Order
Bags 1167 If Yes 118 then go to 122. if No 120 the go to 110. In decision 122, 1s customer
delivery scheduled 1227 If Yes 124 then go to 132. If No 126 then go to 128. In 128, the Order
Tote containing Order Bags is stored in the Alphabot system. In 130, the Order Location, and
all Each and associated Parent Data is stored in the UCE. In 132, at Customer delivery time,
Bots retrieve O-Totes containing Order Bags and transport to Customer Cart or Car. In 134,

order completion (Sale) of the item is stored in the UCE where all parent location data and
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history is available to the manufacturer of the item(s). In 136, the retailer pays the manufacturer
for eaches sold less an agreed retailer margin 136. In the disclosed method, the UCE calculates
a distribution of eaches per subtote (subtote size) based on served market each velocities. The
distribution of eaches, the watermark for replenishment and the replenishment rate may be
modified by the UCE as a function of velocity for the given SKU where the UCE may employ
a drawdown rate monitor or a drawdown rate of change of velocity monitor. Here, the level of
inventory for a given SKU at a given market or store may be maintained at an optimized
watermark that can be variable as a function of velocity or otherwise to optimize in order to

present the highest number of SKU’s based on storage area or otherwise.

[0027] In addition to the manufacturer being aware of the location of every each from the
time it leaves their manufacturing facility, until it 1s delivered to the customer, the manufacturer
may access the UCE database to determine the velocity of their product sales at all locations,

customer buying trends and data. The manufacturer may utilize the near real-time UCE data to
optimize their manufacturing schedule, shipping schedule, product offering by geography, and

product attributes; e.g. flavors, sizes, bundles, etc.

[0028] Referring now to FIG. 3 is an illustrative system 150. As described, a unified
commerce engine 152 may centrally manage and track inventory levels and distribution.
System 150 may have operating manual 154 identifying systems, processes and integration.
Mobile customers 156 may be provided with ambient Al, phone Ul, Tablet UI and PC or other
suitable Ul that interfaces with UCE 152 or other Ul’s, for example, a market or store Ul

Market 158 may be provided with phone Ul, item reader, large screen Ul, scales, checkout
kiosk, associate Ul order staging and consolidation, manual pick manager new SMART store

MCS,‘ and an Alphabot storage system. Analytics 160 may further be provided. Orders,
customers, inventory and product 162 may further interface with UCE 152. MDC 164 with

Alphabot storage and retrieval system, DC MC and new warehouse management system

(WMS) may further interface with UCE 152. RDC 166 and Retailer enterprise systems 168.
may further interface with UCE 152.

[0029] Referring now to FIG. 4, there is shown market distribution center 200. Pallets of
cases 202 are decanted into sub totes at decanting station 204. Storage apparatus 206 stores

totes with or without subtotes. Product totes are presented to a picker to fulfill orders at product
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tote to order tote station 208. Order totes are loaded into portable racks 210 to be transported

by truck or otherwise to fulfill orders.

[0030] Referring now to FIG. 5, there is shown an automated market distribution center
to market process 250. The process 1s broken down 1nto three areas: receiving 252, order
fulfillment 254, and store replenishment 256. In 258, a Supply truck armrives at the automated
DC. In 260, a Scan of pallet ID is performed. In 262, transport the pallet from the supply truck
to an automated decant station. In 264, scan the case label. In decision 266, 1s the SKU known?
If Yes 268 then go to 272. If No 270 then go to 274. In 272, determine the optimal sub tote
distribution based on MSRQ (minimum safe replenishment quantity). In 274, capture the SKU
and case attributes. In 276, select sub totes from a stack of variable sized sub totes. In 278, open
the case. In 280, transfer all eaches from case to sub totes 280. In 282, discard the empty case.
In 284, place sub totes into product totes. In decision 286, is the product tote full? If Yes 288
then go to 292. If No 290 then go to 264. In 292, induct the (product tote) P-tote into the storage
structure. In 294, transport the P-tote to an automated picking station. In 296, transfer sub totes
from p-tote to (order tote) O-tote based on SRQ (safe replenishment quantity) of individual
store. In 298, transport the P-tote back to the storage structure. In decision 300, 1s the O-tote
full? If Yes 302 then go to 306. If No 304 then go to 294. In decision 306 is the order to be
delivered immediately? If Yes 308 then go to 312. If No 310 then go to 314. In 312, transport

the o-tote to a mobile storage rack. In 314, transport the o-tote into the storage structure 314.

In decision 316, is the storage rack full? If Yes 318 then go to 322. If No 320 ten goto 312. In
322, transport the mobile storage rack onto a delivery truck. In 324, the delivery truck arnives

at the automated store. At 326, induct mobile rack into storage structure at the automated store.

[0031] Referring now to FIG. 6, there is shown an automated decant station 350 at a
market distribution center. Referring also to FIG. 7, there 1s shown an automated decant station
350 at a market distribution center. A pallet with cases 352 is initially introduced to the decant
station. First robot arm 354 picks cases and places them with box cutter 356 where boxcutter
356 removes cardboard exposing eaches 358. Second robot arm 360 picks eaches while
cardboard conveyor 362 disposes of the cardboard from the box cutter. Sub totes of various

sizes 364 are loaded with an appropriate number of eaches and provided within totes 366 that

are inducted 1nto storage apparatus 368 as product totes.
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[0032] Referring now to FIG. 8, there is shown a system or station for sub tote transfers

400 to assemble market tote orders. Here, mobile robots 402 bring product totes and order totes
404 to robot 406 where robot 406 picks subtotes from product totes and selectively deposits

the subtotes 1nto market order totes.

[0033] Referring now to FIG. 9, there is shown a system 450 for tote transfers for the
transfer of lots from a market DC to markets. Although racks are shown, alternately the totes
may be directly stacked on pallets using tote bail arms with out the use of racks. Storage
apparatus 452 stores product totes and order totes. Portable racks 456 may be loaded by mobile
robots 454 with order totes to make up market orders, for example combinations of totes with

sub totes 458. Trucks 460, 462 may be provided to transport racks that may be loaded manually
or by mobile robot 464.

[0034] Referring now to FIG. 10, there is shown a replenishment system or station 480
for replenishment from rack to distribution center. Although racks are shown, alternately the
totes can be directly stacked on pallets using tote bail arms without the use of racks. Truck 482
may provide racks 484, 486 where mobile robot 488 operating on rail structure 490 may pick

the totes from the racks to replenish the storage structure 492.

[0035] Referring now to FIG. 11, there is shown a manual decanting system or station
500 for receiving of cases and manual decanting at market as an alternate embodiment without

market DC decanting. Here, palletized cases 502 may be depalletized by operator 504 where
subtotes 506 may be loaded with eaches from the de palletized cases by operator 508. The

subtotes may be loaded into totes 512 where mobile robot 510 may pick tote 512 to be inducted

Into storage apparatus 514.

[0036] Referring now to FIG. 12, there is shown a sub tote transfer system or station 530
for automated sub tote transfer for system defragmentation. In alternate aspects the system
could be manual with an operator instead of a robot. Mobile robots 530 provided totes 532
from transport and storage apparatus 534. Robot 536 is provided to consolidate empty subtotes

538 into totes in order to defragment tote storage, and increase storage density within the

system.
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[003 7] Referring now to FIG. 13, there is shown an alternate sub tote transfer system 570
for automated sub tote transfer for system defragmentation within storage structure 572. Here,
Mobile robots 574 provides totes 576, 578, 580 to a station having cartesian pick and place
robot 582 that is adapted to transfer subtotes 584 from tote to tote. Robot 862 has gripper 586

that can be selectively actuated to pick or release a sub tote and move along Z,X and Y axes.

[0038] Referring now to FIG. 14, there is shown an automated each picking workstation
600. Mobile robots 602 are provided moveable on rails 604, 606 and verticals 608. Robot 614

selectively accesses totes 610 having eaches 618 where the totes are transported and stored

within decks or storage 612 and selectively accessible by robots 602.

[0039] Referring now to FIG. 15, there is shown a manual each picking workstation 630,
Mobile robots 632 are provided moveable on rails 634, 636 and verticals 638. Operator 644

selectively accesses totes 640 having eaches 648 where the totes are transported and stored
within transit decks or storage 642 and selectively accessible by robots 632. UI 650 and
direction Ii ght beam 652 may be provided to direct the operator or picker 644.

[0040] Referring now to FIG. 16, there 1s show completed order storage system 660.

Storage structure 662 is provided with mobile robots 664, transit decks with or without verticals

666, and picking workstations 668.

[0041] Referring now to FIG. 17, there is shown order consolidation 700. Mobile robots
consolidate fresh picked totes 704, chilled storage totes 706 such as ambient order totes and

chilled order totes, and frozen storage totes 708 such as frozen order totes for delivery 710.

[0042] Referring now to FIG. 18, there is shown order delivery 740 by cart 742. Here,
mobile robot 744 selectively provides totes 746 from storage apparatus 748 to cart 742,

[0043] Referring now to FIG. 19, there is shown order delivery 770 by mobile robot 772.
Here, rails 774 from storage structure are utilized by robots 772 where totes 780 are delivered

from étorage to loading stations 776, 778 for pick up, for example, by vehicle 782.
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[0044] As utilized herein, the terms “comprises” and “comprising” are intended to be
construed as being inclusive, not exclusive. As utilized herein, the terms “exemplary”,
“example”, and “illustrative”, are intended to mean “serving as an example, instance, or
illustration” and should not be construed as indicating, or not indicating, a preferred or
advantageous configuration relative to other configurations. As utilized herein, the terms
“about” and “approximately” are intended to cover variations that may exist in the upper and
lower limits of the ranges of subjective or objective values, such as vanations in properties,
parameters, sizes, and dimensions. In one non-limiting example, the terms “about™ and
“approximately” mean at, or plus 10 percent or less, or minus 10 percent or less. In one non-
limiting example, the terms “about” and “approximately” mean sufficiently close to be deemed
by one of skill in the art in the relevant field to be included. As utilized herein, the term
“substantially” refers to the complete or nearly complete extend or degree of an action,
characteristic, property, state, structure, item, or result, as would be appreciated by one of skill
in the'art. For example, an object that is “substantially” circular would mean that the object is
either completely a circle to mathematically determinable limits, or nearly a circle as would be
recognized or understood by one of skill in the art. The exact allowable degree of deviation
from absolute completeness may in some instances depend on the specific context. However,
in general, the nearness of completion will be so as to have the same overall result as if absolute
and total completion were achieved or obtained. The use of “substantially” is equally
applicable when utilized in a negative connotation to refer to the complete or near complete
lack of an action, characteristic, property, state, structure, item, or result, as would be

appreciated by one of skill in the art.

[0045] Further, the terms “robot” and “bot” are utilized interchangeably herein 1n
accordance with their conventional meanings, specifically a useful machine or device, namely,
a programmable, multifunctional device capable of moving matenial, parts, tools, or specialized
devices through various programmed motions for the performance of a variety of tasks,
allocations, designations, or the like; and/or the machine or device being capable of carrying
out a simple or complex series of actions; and/or the machine or device being capable of
performing tasks that may or may not otherwise be work of a person; and/or the machine or
device being a programmable mechanical device capable of performing tasks and interacting

with its environment, without the aid of human interaction; and the machine or device being

capable of operating automatically or being controlled by a computer.
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[0046] Unless otherwise noted or defined herein, to the extent directional vocabulary is
utilized, the disclosure and figures are described with reference to a conventional three-
dimensional coordinate axis system of X, Y and Z, where the X direction is generally left-right
or east-west, the Y direction is generally in-out, relative to the plane of the page of the
document, and the Z direction is generally up-down or north-south on the page. Further as
utilized herein, the terms “horizontal” and “vertical” are utilized consistent with their
conventional definitions as would be appreciated by those of skill in the art, and as generally
illustrated and expanded upon below. For example, in the fields of physics, engineening, and
construction, the direction designated as vertical is usually that along which a plumb-bob hangs
in response to the force of gravity. The direction of horizontal is considered along a line or
plane that is normal or orthogonal to the vertical plane. As such, moving in a horizontal
direction (horizontally) is effectively equivalent to traveling across the earth’s surface, e.g.,
moving forward, backward, left, right, etc., along the ground, while moving in a vertical
direction (vertically) is effectively equivalent to moving up (away from the ground) or down
(toward or into the ground). Merging the X, Y, Z coordinate access with the terms vertical and
horizontal, the Z-axis lies in the vertical direction and the X and Y axes lie in the horizontal
plane with the vertical Z axis being orthogonal thereto. To the extent any ambiguity 1s generated
by the specific wording of the above explanations, it is anticipated that such ambiguity may be

interpreted and clarified consistent with the conventional interpretations of the terms horizontal

and vertical.

[0047] Numerous modifications and alternative embodiments of the present invention
will be apparent to those skilled in the art in view of the foregoing description. Accordingly,
this description is to be construed as illustrative only and is for the purpose of teaching those
skilled in the art the best mode for carrying out the present invention. Details of the structure
may vary substantially without departing from the spirit of the present invention, and exclusive
use of all modifications that come within the scope of the appended claims is reserved. Within
this specification embodiments have been described in a way which enables a clear and concise
specification to be written, but it is intended and will be appreciated that embodiments may be
variously combined or separated without parting from the invention. It 1s intended that the

present invention be limited only to the extent required by the appended claims and the

applicable rules of law.
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Summary
[0048] The present technology, roughly described, relates to a system comprising a fully

automated supply chain, in combination with tracking technology and the unified commerce
engine (UCE). Such a system enables the exact location of every item (or each) to be tracked
from the manufacturer’s facility to a customer’s bag. In accordance with one example, the
supply chain comprises an order fulfillment system having a regional distribution center with
RDC robotic automation confi gured to accept one or more incoming pallets, each pallet having
a plurality of common cases of goods with each case of goods containing a plurality of common
eaches; the RDC robotic automation further configured to remove and store the common cases
of goods; the RDC robotic automation further configured to provide one or more outgoing
pallets in response to a distribution center order, each outgoing pallet having a plurality of
mixed cases of goods; a market distribution center having MDC robotic automation configured
to accept one or more of the outgoing pallets, the MDC robotic automation further configured
to remove mixed cases of goods from the one or more outgoing pallets; the MDC robotic
automation further configured to remove and store eaches from each of the mixed cases of
goods in an MDC storage system, the MDC robotic automation further configured to
selectively retrieve eaches from the MDC storage system and fill order totes with mixed each
subtotes in response to a market order. The MDC robotic automation further configured to
fulfill the market order with a plurality of common or different order totes and subtotes that

flexibly match the sales velocity of the market.

[0049] In accordance with another example, the fully automated supply chain enables a
consignment model where the manufacturers are able to retain ownership of the each until it
reaches the customer’s bag. This 1s in contrast to present systems, where retailers take

ownership because they cannot guarantee the location and safety of the each to the

manufacturer.

(0050] In accordance with another example, the regional distribution center fulfills orders

from a plurality of market distribution centers.
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[0051] In accordance with another example, the regional distribution center and market

distribution center comprise a consolidated distribution center.

[0052] In accordance with another example, the market distribution center enables scale
to automate decanting (i.e., transferring from cases to various sized totes / subtotes), and
minimizes the transportation cost of shipping eaches in totes / subtotes that are less dense than
cases on pallets. For example, mixed cases may be shipped on pallets for long hauls (e.g.,
thousands of miles) from manufacturers or regional distribution centers to market distribution
centers. At the market distribution centers, the pallets are broken into lower density totes and

subtotes, which are then shipped shorter distances (e.g. tens of miles) to markets.

[0053] In accordance with another example, the market distnibution center and automated
supply chain in general enables eaches to be shipped to markets in totes / subtotes that match
the sales velocity of the market. This allows the markets to take advantage of rapid
replenishment, minimized inventory, and to offer customers more products (SKU’s) in a
smaller store. This solves a significant problem in current markets of whether to limit selection
or increase store size. If selection is limited, they lose customers. If they increase selection,
the store must be larger to store the each received at case level. With the present technology,

markets can provide an increased selection without increasing store size.

[0054] In accordance with a further example, as manufacturers optimize the size of their
products to the customers, and the use of totes and subtotes becomes more prevalent, it is

anticipated they will also optimize their packaging to fit efficiently within the totes and

subtotes.

[0055] In accordance with another example, at least one processor; and at least one non-
transitory memory including computer program code are provided, the at least one memory
and the computer program code configured to, with the at least one processor to provide
traceability of the goods and automation securing and/or tracking the goods at substantially all

times from intake of the oncoming pallets to delivery of the market order.

[0056] In accordance with another example, the totes comprise a common tote containing

sub totes.
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[0057] In accordance with another example, the market order comes from a market in
response to an inventory depletion level, the market robotic automation configured to accept
the market order fulfilled by the plurality of order totes with mixed eaches, market robotic
automation further configured to remove and store the mixed eaches in market storage; the
market robotic automation further configured to selectively retrieve eaches from the market

storage system and fulfill a customer order of a plurality of customer order mixed eaches in

response to the customer order.

[0058] In accordance with another example, the market is a retail store.
[0059] In accordance with another example, the market 1s any suitable distribution center.
[0060] In accordance with another example, the plurality of customer order mixed eaches

contains an order consolidation of one or more frozen storage totes, chilled storage totes or

fresh picked totes.

[0061] In accordance with another example, a unified commerce engine comprises at
least one processor; and at least one non-transitory memory including computer program code,
the unified commerce engine configured to, monitor SKU velocity of one or more markets and
. optimize the inventory levels of the one or more markets to present the highest number of

SKU’s for the one or more markets based on the inventory storage capacity of the one or more

markets.

[0062] In accordance with another example, a unified commerce engine comprises at
least one processor; and at least one non-transitory memory including computer program code,
the unified commerce engine configured to monitor and optimize inventory level and inventory
velocity of one or more regional distribution centers and replenishing one or more market
distribution centers and replenishing one or more markets throughout the entire supply chain

process from case level intake at regional distribution centers through customer order

fulfillment at markets.
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(0063] In accordance with another example, a unified commerce engine comprises at
least one processor; and at least one non-transitory memory including computer program code,
the unified commerce engine configured to secure eaches in an automated supply chain and
fully trace eaches in the automated supply chain from receiving of pallet from the manufacturer
at a regional distribution center to a sale to a customer, the unified commerce engine further
configured to enable a consignment model where the manufacturer maintains ownership of
goods until a point of sale or delivery and where the manufacturer has real time visibility of

their inventory via a unified commerce engine throughout the entire supply chain process.

[0064] In accordance with another example, a unified commerce engine comprises at
least one processor; and at least one non-transitory memory including computer program code,
the unified commerce engine configured to secure eaches in an automated supply chain and
fully trace eaches in the automated supply chain from receiving of pallet from the manufacturer
at a regional distribution center to a sale or delivery to a customer, the unified commerce
engine further configured to present data to the manufacturer with respect to the manufacturers
goods contained in the retail supply chain, the data comprising the location, inventory level,
inventory velocity, sales levels and otherwise related to goods 1n the retail supply chain within
and throughout the entire supply chain process; the unified commerce engine further
configured to present data with respect to all of the goods contained in the retail supply chain,
the data comprising the location, inventory level, inventory velocity, sales levels and otherwise
related to goods in the retail supply chain within and throughout the entire supply chain process;
the unified commerce engine further configured to segregate and present data with respect to
segregated goods contained in the retail supply chain, the data comprising the location,
inventory level, inventory velocity, sales levels and otherwise related to goods in the retail
supply chain within and throughout the entire supply chain process, the segregated goods

segregated by a relationship or otherwise such as market segregated data, manufacturer

segregated data or otherwise.
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CLAIMS

We claim:

1. A fully automated secure supply chain for end to end tracking of eaches, comprising:

one or more distribution centers for receiving eaches from a manufacturer and

delivering the eaches to a market;

a plurality of robots at the one or more distribution centers for sorting eaches
for shipment between the one or more distribution centers and the market;

a plurality of tracking sensors included on or associated with the plurality of
robots for capturing identification information regarding the eaches; and

a tracking system, comprising a unified commerce engine, for recetving and
storing the identification information from the tracking sensors, the tracking system

~ tracking locations of eaches within each of the one or more distribution centers using

the identification information;
wherein the plurality of robots, plurality of tracking sensors and tracking system

ensure full traceability and security of eaches from delivery from the manufacturer to

| delivery to the market.

2. The fully automated secure supply chain of claim 1, wherein the tracking system 1s
configured to present data to the manufacturer with respect to the eaches contained in the
supply chain, the data comprising at least one of the location, inventory level, inventory

velocity, sales levels throughout the entire supply chain.

3. . The fully automated secure supply chain of claim 1, wherein an order from the market

for an each is stored in the tracking system.

4, The fully automated secure supply chain of claim 1, wherein a sale of an each at the

market is stored in the tracking system.

S. The fully automated secure supply chain of claim 1, wherein the one or more
distribution centers comprise a decanting station where shipments of eaches are broken down

from cases to at least one of totes and subtotes.
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6. The fully automated secure supply chain of claim S, wherein the plurality of robots

comprise a decanting robot for breaking down cases of eaches into at least one of totes and

substotes.

7. The fully automated secure supply chain of claim 6, wherein the plurality of tracking
sensors comprises a tracking sensor that is part of or associated with the decanting robot to

track and identify eaches arriving at the one or more distribution centers.

8. The fully automated secure supply chain of claim 1, wherein the one or more

distribution centers comprise a regional distribution center and a market distribution center,

eaches shipping from the market distribution center to the market.

0. The fully automated secure supply chain of claim 1, wherein eaches are shipped to the

market in at least one of totes and subtotes that match the sales veloctty of the market.

10,  The fully automated secure supply chain of claim 1, wherein the one or more

distribution centers comprise a market distribution center.

11.  The fully automated secure supply chain of claim 10, wherein the market distribution

center comprises:

a first group of one or more robots configured to accept pallets comprising cases

of eaches;

a second group of one or more robots configured to remove eaches from the

cases and store the eaches;

a third group of one or more robots configured to selectively retrieve stored

eaches to fill a market order.

12.  The fully automated secure supply chain of claim 11, wherein the third group of one or

more robots fill order totes with mixed each subtotes in response to a market order.

13.  The fully automated secure supply chain of claim 11, wherein the market distribution

center fills market orders with a plurality of common or different order totes and subtotes that

flexibly match the sales velocity of the market.
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14. The fully automated secure supply chain of claim 1, wherein the market comprises one
of a retail store and a distribution center.
15. A fully automated secure supply chain for end to end tracking of eaches, comprising;

a plurality of distribution centers for receiving eaches from a manufacturer and

delivering the eaches to a market;

a plurality of robots at the plurality of distribution centers, the plurality of robots
handling all sorting and transporting eaches for shipment between the plurality of
distribution centers and between a distribution center and the market;

a plurality of tracking sensors included on or associated with the plurality of
robots for capturing identification information regarding the eaches; and

a tracking system, comprising a unified commerce engine, for receiving and
storing the identification information from the tracking sensors in each of the plurality

- of distribution centers;

wherein the plurality of robots, plurality of tracking sensors and the tracking
system ensure complete tracking of locations of eaches from receipt within a first
distribution center of the plurality of distribution center to a last distribution center of

~ the plurality of distribution centers using the identification information; and

wherein complete handling of eaches by the plurality of robots and tracking by
the tracking system at the plurality of distribution centers ensure complete security of
the eaches from receipt within a first distribution center of the plurality of distribution

center to a last distribution center of the plurality of distribution centers.

16.  The fully automated secure supply chain of claim 15, wherein the plurality of tracking
sensors capture identification information regarding eaches by capturing data from a pallet in

which the cases of eaches are shipped.

17.  The fully automated secure supply chain of claim 15, wherein the plurality of tracking
sensors capture identification information regarding eaches by capturing data from at least one

of a container and subtote in which the eaches are shipped.
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18. - The fully automated secure supply chain of claim 15, wherein the plurality of tracking

sensors capture identification information regarding eaches by capturing data from a case in

which the eaches are shipped.

19.  The fully automated secure supply chain of claim 15, wherein a first distribution center

of the plurality of distribution centers comprises a decanting station for receiving a plurality of

pallets, each comprising homogeneous cases of eaches, and breaking the pallets down to form

one or more pallets each comprising heterogeneous cases of eaches.

20.  The fully automated secure supply chain of claim 19, wherein an 1dentifier 1s assigned

to each of the one or more pallets of heterogeneous cases of eaches, the one or more identifiers

tracked and stored by the tracking system.

21.  The fully automated secure supply chain of claim 19, wherein a second distribution
center of the plurality of distribution centers comprises a decanting station for receiving the
one or more pallets of heterogeneous cases of eaches, and breaking the pallets down to form

one or more totes or subtotes comprising eaches.

22.  The fully automated secure supply chain of claim 21, wherein an 1dentitier 1s assigned

to each of the totes or subtotes, the one or more identifiers of the totes or subtotes tracked and

stored by the tracking system.

23.  The fully automated secure supply chain of claim 21, wherein selection of the eaches

into the totes or subtotes are set based on inventory needs of the market.

24.  The fully automated secure supply chain of claim 15, wherein the tracking system 1s
accessible by the manufacturer such that the manufacturer tracks the location of the eaches

from departure from the manufacturer to sale to a customer at the market.

25 The fully automated secure supply chain of claim 15, wherein the plurality of

distribution centers comprise a regional distribution center and a market center.
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26.  The fully automated secure supply chain of claim 25, wherein eaches travel from the
manufacturer to the regional distribution center, from the regional distribution center to the

market distribution center, and from the market distribution center to the market.

27. A fully automated secure supply chain for end to end tracking of eaches, comprising:
a plurality of distribution centers for receiving eaches from a manufacturer and
delivering the eaches to a market;
a plurality of robots at the plurality of distnbution centers for sorting and
transporting eaches for shipment between the plurality of distribution centers and

between a distribution center and the market;

a plurality of tracking sensors included on or associated with the plurality of
robots for capturing identification information regarding the eaches; and

a tracking system, comprising a unified commerce engine, the unified
commerce engine comprising at least one processor and at least one non-transitory
memory including computer program code, the unified commerce engine configured to

secure eaches throughout the automated secure supply chain by fully tracing eaches in

- the automated secure supply chain from receiving of eaches from the manufacturer to

a sale or delivery of eaches at the market.

28. The fully automated secure supply chain of claim 27, the unified commerce engine

further configured to present data to the manufacturer with respect to the eaches contained in

the automated secure supply chain.

29.  The fully automated secure supply chain of claim 28, the data presented by the unified

commerce engine comprising the location, inventory level, inventory velocity and sales levels

of the eaches.

30.  The fully automated secure supply chain of claim 27, the unitied commerce engine
further configured to segregate and present data with respect to segregated goods contained in
the automated secure supply chain, the data comprising the location, inventory level, inventory

velocity and sales levels in the automated secure supply chain within and throughout the entire

 supply chain process.
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31 The fully automated secure supply chain of claim 27, wherein the plurality of

distribution centers comprise a regional distribution center and a market center.

32.  The fully automated secure supply chain of claim 31, wherein eaches travel from the
manufacturer to the regional distribution center, from the regional distribution center to the

market distribution center, and from the market distribution center to the market.
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Automated SubTote Transfers for System Defragmentation (Could alternatively be Manual)
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