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1201

START — Transport vehicle

arrives at mega outbound
dock

Transport vehicle sends Vehicle ID 1202

to mega facility and central
database

Based on Facility ID of transport
vehicle’s next destination, mega 1203
facility 1dentifies candidate DSCS
bins for loading on transport
vehicle

If candidate bin Qty > effective 1204
vehicle capacity, filter out low
priority DSCS bins

1205 Transport vehicle 1dentifies
carousel platform holding a USCS
bin and activates the carousel to
present the platform for unloading

Robotic handler retrieves first
DSCS bin from specitic zone of
mega storage, and delivers to
outbound loading dock

1206 USCS bin transmits Bin ID and
environmental flag to mega facility

Transport vehicle 1dentifies
carousel platform of matching zone

type and activates the carousel to
present the platform for loading

1207

DSCS bin communicates Bin ID to bin 1n matching zone type of mega
transport vehicle storage structure

Robotic handler commanded to
retrieve USCS bin from presented
carousel platform and store USCS

FIG. 12A
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! 1208 1217
Robotic handler transfers DSCS bin Transport vehicle and central
onto presented carousel platform database update records with USCS

1209 bin’s departure | from traﬂsport
vehicle

Mega facility and the central

| 1218
database update records with DSCS

bin’s departure from facility
1210

Mega facility and central database
update records with USCS bin’s
acceptance at mega facility

Transport vehicle and the central
database update records with DSCS
bin’s acceptance and location on
the transport vehicle

1219

Robotic handler places smart bin 1n
available storage location 1n
prescribed zone of mega storage
structure

1211

USCS bins

to unload? Vs 1220
No 1212 Location ID storage location
Yes recorded against Bin ID 1n local
MOI;IEE ¢ database and central database

1213

More USCS
bins?

No Yes

End — Bin
loading/unloading complete

No

FIG. 12B

207



WO 2020/178692

PCT/IB2020/051721

26/46
START — Transport vehicle
. . 1301
arrives at macro inbound ] 7
dock
1302

Transport vehicle sends Vehicle ID
to macro facility and the central
database

Based on Facility ID of transport
vehicle’s next destination, macro
facility 1s queried for candidate
USCS bins for loading on transport
vehicle

If candidate bin Qty > effective
vehicle capacity, filter out low
priority USCS bins

1306

Robotic handler retrieves first
USCS bin from specific zone of
macro storage and delivers the
USCS bin to inbound loading dock

130

Transport vehicle 1dentifies
carousel platform of matching zone

type and activates carousel to
present the platform for loading

1308

USCS bin communicates Bin ID to
the transport vehicle

1309

Robotic handler transfers USCS bin
onto presented carousel platform

305 Yes

1303 1304

Candidate USCS
bins 1dentitied?

No
1312

Transport vehicle 1dentifies
carousel platform holding a DSCS
bin and activates carousel to present
the platform for unloading

1313

DSCS bin transmits 1ts bin data to

macro facility

1314

Robotic handler commanded to
retrieve DSCS bin from presented
platform

1315

Transport vehicle and central
database update records with DSCS
bin’s departure from transport
vehicle

1316

Macro facility and central database
update records with DSCS bin’s

acceptance at macro facility

O @O o o C

FIG. 13A
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1310 ¢
Macro facility and central database 1317
update reCOTdS Wlth USCS bin?S Immediate CTOSS-
departure from macro docking?
1311
Yes

Transport vehicle and central

database update records with USCS No

bin’s acceptance and location on
transport vehicle

1322
Robotic handler carries e
DSCS bin to outbound dock

Immediate VAS
Customization?

Yes
Robotic handler carries |
DSCS bin to VAS station

No

1323

Macro facility 1dentifies available
storage location 1n appropriate zone

1320 and robotic handler stores bin
therein

More USCS bins

Yes to load?

1324

Location ID of storage location
No recorded against Bin ID 1n local

1321 database and central database

More DSCS bins
to unload?

Yes

NoO END — Bin

loading/unloading complete

FIG. 13B
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1401
START — SCS bin requires
VAS processing

Two robotic handlers commanded to respectively
deliver one filled SCS bin and one empty SCS bin to
VAS workstation

1402

1403 1404
1% robotic handler delivers 214 robotic handler delivers
filled SCS bin to VAS empty SCS bin to VAS
workstation and presents workstation and presents
filled SCS bin at pick port empty SCS at put port
1405

Worker commanded/instructed to perform VAS
operations defined by customization data from
SCS bin at pick port; and to place processed
products 1n SCS bin at put port

1406
Vendor’s stocked inventory record, facility’s
on-site bin records and smart bin content data 1410
updated
214 robotic
1409 handler
Immediate Yes | delivers now-
transport? filled SCS bin
to outbound
1% robotic handler delivers now- loading dock

1411

empty SCS bin to available storage
location 1n appropriate environmental
zone of storage structure

21 robotic handler delivers
now-tilled SCS bin to

available storage location 1n
appropriate environmental
zone of storage structure

Location ID(s) of storage

location(s) recorded against Bin IDs

in local database and central END — SCS bin contents
database processed & stored/docked

FIG. 14
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START — Products from 1501

macro needed at another
facility

Central computing system sends bin
configuration data to macro facility to identify | ~
product(s) needed at needful facility

15t robotic handler commanded to retrieve 1503
empty MCS bin

1% robotic handler retrieves empty MCS bin and 1504
delivers to put port of kitting workstation

1502

Additional robotic handler commanded to
retrieve SCS bin containing one product type 1303
1dentified from bin configuration data

The additional robotic handler retrieves
1dentified SCS from macro storage and presents
same to pick port of kitting station

1506

Worker picks product from SCS bin 1in quantity
specified by bin configuration data and places
the product in MCS bin

1507

Bin content records updated 1n central and local 1508

databases and on smart SCS and MCS bins

FIG. 15A
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The additional robotic handler deposits SCS bin
1In macro storage structure in prescribed 1509
environmental zone

1510
Storage location of SCS bin updated
1514
1511 1* robotic handler stores
MCS bin 1n prescribed
Yes More Products environmental zone of
requn;ed for macro storage structure
kit?
No
No 1515

Location ID of storage
location recorded against
Bin ID 1n local database and
central database

1512

Immediate
Transport?

1513

Yes

15t robotic handler

delivers MCS bin to
loading dock

End — Kit-filled MCS

bin stored/docked

FIG. 15B

212



WO 2020/178692 PCT/IB2020/051721

31/46

1601 1614

START — Customer order

oy - . Packing workstation assigned
needs filling at micro facility s W &

1615

,—¢—ﬂ,02 Robotic handler commanded to
Order details received by micro deliver PO bin to pick port of
facility assigned packing workstation
l E 1603
. | 1616
Batch of fillable orders assigned to Empty finished-order bin (FO bin)

order-picking workstation delivered to packing workstation

| E 1604 | 16i7

R‘?bOﬁC handler cqmmanded to Empty FO Bin scanned to identity
retrieve empty multi-compartment Bin ID thereof
picked-order bin (PO bin) and
deliver same to put port of order- l 21613
picking workstation Order contents removed from

|
| Ve 1605 compartment(s) of PO bin and
packaged according to stored

Orders assigned to compartments of handling data

it R —

1606 Bin content records updated 1n
Robotic handler commanded to central and local databases and on
retrieve product-filled multi- PO and FO bins
compartment storage bin (MCS 1620
bin)

a Packaged order contents packed
l r’_‘ 1607 into FO bin
Robotic handler delivers MCS Bin 1621

to pick port of order-picking
workstation FO bin conveyed to loading dock

| E 1608

Required product(s) picked from
MCS Bin and placed 1n assigned
compartment of PO Bin

1622

PO bin has more Yes

urgent orders to

© (o) Ol

FIG. 16A
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@ 1609 e

Bin content records updated 1n

central and local databases and on No (623
the MCS and PO bins
1610 Robotic handler stores PO bin 1n

micro storage structure

Robotic handler stores MCS bin 1n

prescribed environmental zone of 1624

micro storage structure

Location ID recorded against Bin
ID of PO Bin 1n local and central
Location ID of storage location databases

recorded against Bin ID of MCS
bin 1n local and central databases

1611

1612

More required END — Customer

products for
orders?

Yes

order filled

No
1613

Yes

Urgent order?

No

FIG. 16B
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2001
START — Transport vehicle
arrives at micro outbound dock
2002
2011 Transport vehicle sends vehicle ID

Transport vehicle 1dentifies
carousel platform holding a UFO
bin and activates carousel to present
the platform for unloading
N T [ )t
Bin handler transfers UFO bin to

micro facility conveyors |
Bin ID and content information
transmitted from UFO bin to micro

facility
2014
No
Yes
2016 ~201S
Convey to
Convey to empty-bin

returns area

staging area or
packing station

201

Transport vehicle and central
database update records with UFO

bin’s departure from transport vehicle po1ls

Micro facility and central database
update records with UFO bin’s
acceptance at micro facility

to micro facility and central
database

2003

Prepare bin handlers for use

2004

UFO bins

Yes To unload

from vehicle?

O

2005

Facility conveyors deliver DFO bin
to hand-off point

2006

Transport vehicle activates carousel
to present a platform for loading
2007

Bin handler transters DFO bin from
hand-off point to presented platform

2008

Micro facility and central database
update records with DFO bin’s
departure from facility

2009

Transport vehicle and central database

update records with DFO bin’s acceptance
and location on transport vehicle

2010
2019 More DFO
Yes Orc Yes
'More UFO No o1ns to load?
bins to unload?
No
END- DFO bins loaded on
FI1G. 20 outbound vehicle
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2305 ¢
START — Transport vehicle 7301

Transport vehicle 1dentifies carousel arrives at nano facility

platform holding a DFO bin, notifies
2302

facility of hand-off point, and
presents platform for unloading

Transport vehicle sends Vehicle ID
2306| | to nano facility and central database

Nano facility identifies empty 2303

latfi | d .
PIALLOTIE OT CafOUSEs COLTESPOTIEIES Prepare bin handlers for use
to hand-off point, and presents

empty platform for loading

2307

Bin handler transfers DFO bin from Yes
vehicle carousel to facility carousel;
DFO bin sends Bin ID to facility

| 2304
DFO bins t0

unload from
transport vehicle?

7308

Transport vehicle and central No
database update records with DFO
bin’s departure from transport vehicle

2309

Nano facility and central database
updates records with DFO bin’s
acceptance and storage location;

customer pick-up notification sent

2311

2310

UFO bin to unload No >1 Empty platform
from facility on facility
carousel? carousel?
v No
Yes ©3
FIG. 23A
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OBNO ONN©

Nano facility presents bin-carrying 2313
platform for unloading -4

Bin handler transfers UFO bin to empty
platform of vehicle carousel; UFO bin
sends Bin ID to transport vehicle

| -2314

2315
| /7

Nano facility and central database
update records with UFO bin’s
departure from facility

Nano facility presents 2312

empty platform

Transport vehicle and central Ve 2316
database update records with UFO
bin’s acceptance and location on
transport vehicle

2317

DFO bin

to unload from same No
vehicle carousel?
END- Automated bin
Yes exchange complete

Transport vehicle presents bin- | - 2318
carrying platform for unloading

FIG. 23B
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START — Order pickup at 2401

nano facility

User arrives and requests authentication via 2402
access code from pickup notification -

Nano facility validates entered access code and 7403
compiles access-granted list of FO bins 4

Nano facility unlocks/opens appropriate pickup _/»2404
door(s) for access-granted FO bins

Nano terminal visually guides user to use /2405
appropriate pickup door(s) for the FO bins

Pickup door(s) relocked/ reclosed after customer 2406
retrieval of order(s)

Nano facility updates empty/full status of FO | ~2407
bin and assigns upstream destination

END- All orders picked up
by user

FIG. 24
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2501

Communicatively connect a plurality of entities comprising a network of !’/
node facilities, a fleet of inter-nodal transport vehicles, a plurality of storage
bins, and a computerized supply chain management system in a multi-nodal

supply chain system

| 2502
Assign a unique bin 1dentifier to each of the storage bins {/
! 2503
Store, 1n one or more databases of the computerized supply chain fj

management system, bin data and the unique bin 1dentifier of each of the
storage bins

! 2504

Store, 1n one or more databases of the computerized supply chain :’J
management system, location identifiers of the indexed storage locations of
the storage bins within the facility-based array and the vehicle-based array

and intermediate locations of the storage bins

¢ 23505

Update, 1n one or more databases of the computerized supply chain /J
management system, the location identifiers as the storage bins are
transferred between the indexed storage locations of the facility-based array
and the vehicle-based array while traversing the network of node facilities
and the fleet of inter-nodal transport vehicles of the supply chain system

FIG. 25
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2601

Communicatively connect a plurality of entities comprising a network of I’/
node facilities, a fleet of inter-nodal transport vehicles, a plurality of storage
bins, and a computerized supply chain management system 1n a supply chain

system

I 2602

Unload incoming storage bins containing inventory items from any one of '/J
the inter-nodal transport vehicles into any one of the node facilities

I 2603

Selectively store the incoming storage bins 1n the indexed storage locations f/
of the facility-based array at any one of the node facilities and continuously
track the incoming storage bins at any one of the node facilities

! 2604

Load outgoing storage bins from any one of the node facilities to any one of r"/
the inter-nodal transport vehicles

I 2605

Selectively store the outgoing storage bins 1n the indexed storage locations /'/
of the vehicle-based array at any one of the inter-nodal transport vehicles
and continuously track the outgoing storage bins

.

Recerve and process bin data and commands from the incoming storage bins |2606
and the outgoing storage bins while the incoming storage bins and the //
outgoing storage bins traverse the network of node facilities and the fleet of
inter-nodal transport vehicles of the supply chain system 1n a forward
direction and a reverse direction

FIG. 26
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