PCT/US2020/046418

WO 2021/030705

1/38

L S

X
i

crrrsit

FIG 1A



PCT/US2020/046418

WO 2021/030705

2/38

81 'Ol




PCT/US2020/046418

WO 2021/030705

JT "9

2%

v

3/38



PCT/US2020/046418

WO 2021/030705




PCT/US2020/046418

5/38

WO 2021/030705

]
g
&

i

s s

2 M

p

3

.
REN

fﬁ‘
$1 3

3

J

Ny

NN

,m:s.

ER
%

%

gk
Ty

FIG 2B
233

ccrelieiresiiitess:

By A fa AR
AL RS T

i

o
1
256h

)
N

.
DHR

256a

N

s

)

pprrh, ermrmteccecfeccrcecoonn

[

727 i




WO 2021/030705 PCT/US2020/046418

212a 212b

S

< . i A
& @ 4 } N & @

Y o L e
B - & 13
B . L

)}

FIG 2F



WO 2021/030705 PCT/US2020/046418

7/38

s

[/ &




WO 2021/030705 PCT/US2020/046418

222a 226a

-/ /

7. P4

AN
l

)

2

st

AL

AR TR

; =
L

2572 400a 220

8.

R
.\\\“““‘\i¥

sy _,tg.\g\i'

S
o AR A—
RS 3
H y

TITTIIIIIIIIIIIIIII

)

PSS 412

SN SERERR SN

.
ey

220

220

¢

s
provsvsaeded AR Y

Y TR LENEE S

S E ) ) oot
15 \

A

SR

RS ‘\“::M‘.;;mm“
RS

FiG 3B 400b



WO 2021/030705 PCT/US2020/046418

/38

3123 2317a
217a217a 217a217a 217a2i7a 2173 217a
\ TN - o Lt

17a 2173

~~ R

S

R TN
o ~\

o

§,~.~.~.~,~,~»¥: & S

%

FIG 4B




PCT/US2020/046418

WO 2021/030705

10/38

N

e,

i

w&w\\\.m\\..
7 on

% Z S A g
N 7 4 7 S G Y,
e

ez
g
e deasssar S s
\\\ PN SIS SIS 7
GG, e 7 .
s 7 7 vy,
0 P H A . s,

P
o
.
e

sy

Toccooct

T eroe
T

:

% 44

: % .
o i
i A P e

414 w4 eLre
A/@QN



PCT/US2020/046418

WO 2021/030705

11/38

9% Oid

v
i
A ey,

M2




WO 2021/030705 PCT/US2020/046418

12/38

L5
Fuy
[l




PCT/US2020/046418

WO 2021/030705

B )

St
By




PCT/US2020/046418

WO 2021/030705

14/38

= 7

524C ¢4

%

W
o
S
AR

N

B

(
524a

4d

524b

FIG 5D

524(1{
528b

5241:)

3 )
5283//524a 524b

FIG 5E



WO 2021/030705 PCT/US2020/046418

15/38

FIG 6A

61

63

]




PCT/US2020/046418

WO 2021/030705

16/38

FiG 6C



PCT/US2020/046418

WO 2021/030705

17/38




WO 2021/030705 PCT/US2020/046418

18/38

"1

o

7




WO 2021/030705

PCT/US2020/046418

i
i
i
H

[ NS

b

@

@ L

77
e
7 {-.//_H

T
(2 Lot

&

ey /

(g

[g]

R TT R Y

”

FIG 8A



PCT/US2020/046418

WO 2021/030705

20/38

7i8
s

E BINBABOBCHCAOBNE Y B IRGAOLEBULBOH RN G IBGRCTI OROALABNL G O IOHD EDBUIROT CR L BT
{(((\\.v I(\\\s s\s\s\s«
o oy XN
w4 o Sy
b N P
P PO i.....{v e
X\, ;. P ¥ AT i H
G BRCORLGBOCRCARRIDE D BIOROBOVV L ELRGAED BIGFLOBCREBREOLOL N WIGCHBO RV OROACH TR 8 &Y

FIG 8C



PCT/US2020/046418

WO 2021/030705

6 Did

o A

Yy
e

" 06

s

"
P s
»ﬁ\




PCT/US2020/046418

WO 2021/030705

22438

918

918

P

o
S

720a

FiG 10B

FIG 10A



PCT/US2020/046418

918

23/38

WO 2021/030705

» » m.\u s e m.m .
- jovooo BRI wevee 2N
gy -

oo D« Y .

FIG 10k



PCT/US2020/046418

WO 2021/030705

24/38

318

TR

..
.?\sa«ttwt.ltea&tx\’:.l\uuwﬂr & s P & B e, .&.x\u\.—w‘\f!\i‘#l@ . B e, & B e, b 8 AL,
Tme 8 9L WL S % L. 9%
Tl ! LT
e g ] e
ww.q e LB Po % w o \\\M\ \\.\ﬂ
M M s B & & T o
Sl a & e
>
*
.
.
3
&l g
L .
. =]
* 7 _\
» ..mm 9. Pt o
» : ” il Sy
(\%‘ 5 eam - on i %
R T, .-\.x\.
. \\nmw Pt J e
s €5 T e,
B 2o o e,
A \@ﬁﬁm p/

a

v 2 w * A T ™
- wm‘m“». v bead .
. & =L T L,

€ g * A, ¥ ¥®
B e I

LY

FiG 10F



WO 2021/030705 PCT/US2020/046418

25438

s

22227

526

FIG11B 7545;;52{ )
756b



WO 2021/030705 PCT/US2020/046418

918




PCT/US2020/046418

27/38

WO 2021/030705

b
o %
S
4
-4
% 4 ol
s s o
izt =
o b w3

FIG 11F

“
;

SR S o DA LR WA L) .
ted L
y 3

ey

i By 4

i iy
1

1128

ék

;
D I S O o SRR 8 o

ks
a
g

pis 42

. fobod v T

= ] Z 2 Z. 220 eeeeeerk
1 WAL B LN LA SIS IR LA BARL

L L

5
& Y T A Y

200000 254 m

o Lo




WO 2021/030705 PCT/US2020/046418

e
5’;1

y

A%
2

“Redsssecs
Ao 755!

kmgb\naz /gma - S

71i2b

FIG 11G

mmEE A N | T FIG 1M

=
S

EEESISSSSR

e i i s




WO 2021/030705

PCT/US2020/046418

FIG 12



PCT/US2020/046418

WO 2021/030705

30/38

VET Oid

K // \

BOTET  e9OETL

1 ,?ewr ‘SR ]

eS0T |-
0zZET |1 b

Jm: -
@mmm IR 4

azIzl

0Lt

d —.

! ZZET

- _ETET

—~_CTET

| zzet
W v mw —_ZzET
W 2 zzer
W‘ I 4431
T pster fF

.
ey0El

ZZET



WO 2021/030705 PCT/US2020/046418

31/38




PCT/US2020/046418

WO 2021/030705

32738

Dt

Vo Basos bl b AR M

2% A 4

FIG 13C



PCT/US2020/046418

WO 2021/030705

33/38

JET Ol

AR

e




WO 2021/030705

PCT/US2020/046418
34738
1400 I
1402-1 AGY {TASK 1404-n
7 / 1402-n ASSOCIATION WITH
| Z F/‘U\/ES i+ 2) 14‘64“1 1405'1 lﬁﬂﬁ—n
et /o
AGY —
(NOFAM AGVY (TASK
ASSOCIATION) ASSOCIATION WITH
FAMS 1+3)
CONTROLLER
1408-n 1408-1
/1419_1 /141@»?’9 1450 . ~ .
IZ AGY {TASK
ASSOCIATION
UNASSIGNED WITH FAM 4)
FAM(S)
FiG. 144
AUTOMATED GUIDED VEHICLE 1412-n
AUTOMATED GUIDED VEHICLE 1 1412-1
>
- POWER SUPPLY L]l 7
1417
|  POSITIONSENSING | =
SYSTEM  qa13]| | COMMUNICATION 14?\9
g ————— INTERFACE(S) —-
} OBJECT SENSING | 1607 FIRST DRIVE SYSTEM
| SYSTEM 1415 3 ¢ | FIRST MOTOR [’;{419
————————— )
< SECOND DRIVE SYSTEM
PROCESSOR 142
MEMORY > 1CPU) [ SECOND MOTOR
1405 MO — P = = —— — — =142
THIRD MOTOR
j e e e o o o
1411

FiG. 14B



WO 2021/030705

1450~

PCT/US2020/046418

35/38

v

v

v v

UNASSOCIATED AGVs

1402-1

AGV TASK GROUPS
{TYPE 1}

1404-1

AGV TASK GROUPS
(TYPE 1)

1406-1

AGV TASK GROUPS

{TYPE 1)

1408-1

FIG 14C

SYSTEM CONTROLLER - | WMS
b ICO;’V;’\AUNECATION iNTERFACESl ™ 1440
| SUPPORT CIRCUITS CPU | e = — = — — — TN
< USER INTERFACE N 1453
a5z 1495 t 1451 _COMPORENTS _ 1iasq
MEMORY
| OPERATING SYSTEM 1456 | _ass
INVENTORY MANAGEMENT MODULE /-1461}
TASK AGENT MANAGER 1461
[ INVENTORY MANAGEMENT TASK PROCESSOR V1
lOYNAMIC INVENTORY SLOTTING ANALYZER 3z 1462
bonn wnne wone smene eneee oone Goom eese Eeee wens eee sese Gan Gonm  eene  wese wees sene
| SUBTASK SEQUENCE IDENTIFIER V"l%f‘
| TASK PRIDRITY MANAGER V'MM
1465
| EVENT NOTIFICATION DETECTOR }/
i~ 1466
| STATE TRANSITION DETECTOR V
| AUTOMATED GROUND VEHICLE {AGY) SELECTOR [/"1467
—1468
I FUNCTIONAL ACCESSORY MODULE {FAM) SELECTOR r
o — /-1470
AGY TRAFFIC MANAGEMENT (1476
| POSITION ANALYZER 1472 | prioriTy MONITOR |
[ PATH SEGMENT SELECTOR r1474
STATE/EVENT MONITORING
— — — - - | — 1480
[AGY AVAILABILITY 1482 | AGY SUBTASK STATUS 1486
[AGY POWER LEVEL 1884
DATA REPOSITORY L—1490
[ITEM STORAGE LOCATION MAF 1457 ]
| FAM LOCATION MAP 1494 |
| AGV USAGE STATISTICS 1496 |




WO 2021/030705 PCT/US2020/046418

36738
1502
1500 ( START Y
1504 r
N
| RECEIVE INVENTORY MANAGEMENT TASK REQUEST |
1506\ !

| IDENTIFY SEQUENCE OF APPLICABLE SUBTASKS

5* |1508

DETERMINE AGVY AND FAM RESOURCE(S) NEEDED TC COMPLETE ONE
OR MORE SUBTASKS OF THE IDENTIFIED SEQUENCE

1] 1510

DETERMINE TIME AND POWER REQUIREMENTS FOR COMPLETION OF
ONE OR MORE SUBSTASK(S) OF THE IDENTIFIED SEQUENCE

PRIORITY TASKS
ENDING2

\| ASSIGNPRIORITY TO
CURRENT / REMAINING
516 SUBTASK SEQUENCE

1528 *

ASSIGN CURRENT TASK
SEQUENCE TO TASK QUEUE

ESTABLISH NEW TASK
ASSOCIATION BETWEEN
AGVY AND FAM(S)

* 1518 1530 *
/ N\ DETERMINE CURRENT
TRANSMIT HIGHEST PRIORITY |
INSTRUCTION(S) TO AGY TASK SEQUENCE

\( END ) FIG. 15




WO 2021/030705 PCT/US2020/046418

37738
1602
C START )/- 1600

v

INITIALIZE DYNAMIC SLOTTING 1604
INTERVAL COUNTER
d =0

+<

ANALYZE RECEIVED INVENTORY MANAGEMENT TASK
REQUESTS SCHEDULED FOR COMPLETION DURING A
FUTURE SLOTTING INTERVAL F(WHERE T =d + 1)

1608\ +

PRIOR TO START OF SLOTTING INTERVAL 7, INITIATE OPERATION OF
A FIRST GROUP OF AGVs TO BEGIN RELOCATING A SUBSET OF
INVENTORY ITEMS FROM FIRST STORAGE AREAS TC SECOND
STORAGE AREAS

1610\_ ____________ j ______________ 1

IPRIOR TO START OF SLOTTING INTERVAL f, INITIATE OPERATION OF Al

| SECOND GROUP OF AGVS, EACH IN ASSOCIATION WITH AT LEAST ONEl

| FUNCTIONAL ACCESSORY MODULE (FAM), TO BEGIN RELOCATING A

| SUBSET OF INVENTORY ITEMS FROM A THIRD PLURALITY OF I
STORAGE AREAS TO AFOURTH PLURALITY OF STORAGE AREAS |

1606

DURING SLOTTING INTERVAL £, OPERATE A PLURALITY OF AGVs TO
TRANSFER INVENTORY ITEMS, FROM THE RELOCATED SUBSETS OF
INVENTORY ITEMS, TO A DESTINATION AREA

D — R —— |
|

| DURING SLOTTING INTERVAL f, OPERATE A PLURALITY OF AGVs AND
| FAMs TO TRANSFER INVENTORY ITEMS, FROM THE RELOCATED
SUBSETS OF INVENTORY ITEMS, TO A DESTINATION AREA l

INAL SLOTTIN
INTERVAL?




WO 2021/030705

PCT/US2020/046418

38/38

1700

( START

y. 1702

1704\

| DETERMINE MODE OF OPERATION APPLICABLE TO NEXT ASSIGNED TASK(S) |

CONTROL ROTATION OF FIRST PLURALITY
OF DRIVE ELEMENTS OF SECOND DRIVE
SYSTEM TO MOVE VEHICLE UPON AN
UNDERLYING SUPPORT SURFACE

/1712 +

CONTROL ROTATION OF FIRST PLURALITY
OF DRIVE ELEMENTS OF SECOND DRIVE
SYSTEM TO CAUSE VEHICLE TO ENTER
OR EXIT OPENING DEFINED BY AN
ACCESSORY MODULE

ALIGN FIRST PLURALITY OF DRIVE

ELEMENTS OF FIRST DRIVE SYSTEM WiTH

GUIDE SYSTEM DISPOSED ALONG AN

ARRAY OF STORAGE LOCATIONS OF A
RACK STRUCTURE

/1722 +

/1714 +

CONTROL ROTATION OF FIRST PLURALITY
OF DRIVE ELEMENTS OF FIRST DRIVE
SYSTEM TO CAUSE VEHICLE TO DISPLACE
THE ACCESSORY MODULE
HORIZONTALLY

CONTROL ROTATION QF SECOND
PLURALITY OF DRIVE ELEMENTS OF THE
FIRST DRIVE SYSTEM TO DISPLACE THE

VEHICLE VERTICALLY TO REACH OR
DEPART FROM ONE OF THE STORAGE
LOCATIONS.

/1724 ‘

CONTROL ROTATION OF THE FIRST
PLURALITY OF DRIVE ELEMENTS OF THE
SECOND DRIVE SYSTEM TO DISPLACE
THE ACCESBORY MODULE VERTICALLY

1718

TASK{S} REMAINING?

FIG. 17



