WO 2024/182625 PCT/US2024/017900

1/57

FIG. 1A
v/100
108
e —
— T
118 112 14
g/j,:/f g /’////@ X 1’ i 7] ,‘22 104
) & WA g 106
|
12
116 ’
110

N
[aw)
No

116

120
g \ ” 106
: 104

Q/,CA /C‘ /.//f./////,rk 3 ’IZZ




WO 2024/182625 PCT/US2024/017900

144
140
S
< . :IIIIIII llIIII: & @
SO = —© =
=/ =
138 142
102

150



WO 2024/182625 PCT/US2024/017900

3/57

/ 2000

122

o~
=N B
NE o«
~ m
s N
T o
PR E W

206

2
208



WO 2024/182625 PCT/US2024/017900

4/57

102

/ 200e

FIG. 2E



WO 2024/182625 PCT/US2024/017900

/ 300¢

302
102

/ 3002

100

FIG. 3A
FIG. 3B

118




WO 2024/182625 PCT/US2024/017900

6/57

/ 400¢

/ 4003
402

FIG. 4A
FIG. 4B




WO 2024/182625 PCT/US2024/017900

7/57

,/ 500

FIG.5



PCT/US2024/017900

WO 2024/182625

8/57

p19< 9

9

9

8¢9

00..0..‘...0

N
—
—




WO 2024/182625

PCT/US2024/017900

9/57

/ 600

610




WO 2024/182625

10/57

PCT/US2024/017900

FIG. 6C



WO 2024/182625

PCT/US2024/017900

640

640

640

040

FIG. 6D



PCT/US2024/017900

12/57

WO 2024/182625

:JAGIE! VL 9ld
472
0L
[
\

q
( (
o e Z X JH

7 V
s :
SR S i - w 90,
A....... oscocoSOOOOPOGS y ooeeee ......m‘m....

91L

0L

9

8lL

sescoccsccnce

0L




PCT/US2024/017900

WO 2024/182625

13/57

008 \»

8 '9ld



WO 2024/182625 PCT/US2024/017900

14/57




WO 2024/182625 PCT/US2024/017900

15/57

/ 1000

FIG. 10A

FIG. 10B




WO 2024/182625

PCT/US2024/017900

‘{//wwoo

1108

k\\

OUTPUT

16/57
1102
\"'\
cpU
1104 1106
INPUT /’
DEVICES ~ MEMORY
1114
STORAGE
116 DEVICES
1110

FIG. 11

DEVICES

1112

NETWORK
INTERFACE




WO 2024/182625 PCT/US2024/017900

17/57 / 1200

Receive a starting location, a target Cleaning area, attriputes of the
1202~  targetcleaning area, and obstructions in a path of the robot
Navigating in the target (leaning area

Determine a tiaying strategy including a vacuuming strategy and

1204 an obstruction handling strategy;
106~ EXecute the idying strategy o at least one of vecuum the target
(leaning area, move an obstruction, and avoid the onstruction
| 1210
208 Obstruction ODStruction
pickable? Relocatable?
1212
Determine and execute a PUSH the 0bstruction 10 a
1216 ickup strategy different location
capture the obstruction 1214
1218 with the pusher pads (
Alter the path of the robot
Place the obstruction in the {0 20 around and avoio
12207 SC00p the 0bstruction
Dir[tom
1222 Ul
Navigate 10 the base
12247 station

FIG. 12



WO 2024/182625

PCT/US2024/017900

V/ 1300

18/57
AUtO-empty dirt
138 et Sleep/cnarge (1302
Scan environment
1326 /" DOCK at base station foupdateand 1304
localize
Navigate 0 base ChOOSE vacuum
1324 station cleaning pattern 1306
1308
Vacuuming\_ N 5
vacuum following
1322 complete/Batiery deaning patem
low?
1310
Update map with
(leaned areas

1316

{

s object

Drive around object

1318 N

pickable?
1320
Pick up Drive 10 goal
0bject/choose goal location/deposit
location object

FIG. 13



WO 2024/182625 PCT/US2024/017900

19/57

/ 1400

Sort on the floor 1402

v

Tidy Specific object(s) 1404

Tidy a cluster or objects 1406

PUSh opjects to the side 1408

v

Execute 4 sweep pattern 1410

v

EXecute a vacuum pattern 1412

v

EXecute a mop pattern 1414

FIG. 14



PCT/US2024/017900

WO 2024/182625

20/57

0091

91 914

7197 uomsod (Pniur 01 uimy
a N

m__a Qoem Tie

N

0191 (5)n3lao
dn V_ua 0] £331115 9INI3X3

3091 (pawid
30 (s)nalao up)

9091 (5)palao
dnyid oy @ggw 3500

eeceeseciccrecseacactttcccccccctecaccreesacscniototceacanatactcccccccctcntncnnns

=

Gl 914

............... »  Z1GL uonisod feniur oy uinay

[
(%) 5_8 ANOW 0] A331R11S 31N23X3

ceccececscncncacnns

301 (panoLl
30 (5)13lao up)

9051 U0NPUNSIP 01 3PISP
(5)13lqo anow 0} A331PS 3500U)

051 dew guisn (5)nalao
10J U0IIPIOI UONPUNSI 3UILLIAIRA

Secscscscteninccpacscscncacectcscsopencocacncnasencncnons

e » 05T UOmSod [eniul pI0IaY
e e (S

005l




PCT/US2024/017900

21/57

WO 2024/182625

8L '9Id Ll 914

............... »  OLZ1 uonisod [eniui 0y uinisy

9081 payIeal

oo » 51 U0eIOl Uoneuisap nun spalgo L
puNOJe 8AP 01 ABa1e1S 81nJ33 A ™ (58100 3now 01 308 3In38x3
7081 UONRI0| S > 90ZL

(5)13la0 doup 01 A331208 3500UD

.............. »  U0NPUNSAP UDPaJ 0} SPalao
DUNOJL AL 01 A331P.1S 3S00U)

¥0L1 uonedol doup 01 1e3IAeN

7087 uied ur spalqo
GUIDIOAP “BUILUNNIRA 3NUNUOD

sectcececcscinctcscecpoccscacsceseccsncncnce

gruonedgruoneunsep e aullieled | e »  ZOZTU0NISod eriul pJoday

0081 00Z1



WO 2024/182625

22/57

DETECT A STARTING LOCATION AND ATTRIBUTES OF AN OBJECT TO BE LIFTED
1902

v

DETERMINE AN APPROACH PATH, A GRABBING HEIGHT, A GRABBING
PATTERN, AND A CARRYING POSITION TO SECURE THE OBJECT IN A
CONTAINMENT AREA 1904

v
EXTEND THE PUSHER PADS AND RAISE THEM TO THE GRABBING HEIGHT 1906

v
APPROACH THE OBJECT VIATHE APPROACH PATH, COMING TO A STOP WHEN
THE OBJECT IS POSITIONED BETWEEN THE PUSHER PADS 1908

v
EXECUTE THE GRABBING PATTERN TO CAPTURE THE OBJECT WITHIN THE

CONTAINMENT AREA 1910

IS THE OBJECT WITHIN THE

PCT/US2024/017900

/ 1900

CONTAINMENT AREA? 1912

EXERT LIGHT PRESSURE ON THE OBJECT WITH THE PUSHER PADS TO HOLD
THE OBJECT STATIONARY IN THE CONTAINMENT AREA 1914

v
RAISE THE SCOOP AND THE PUSHER PADS TO THE CARRYING POSITION 1916

T 1210
CARRY THE OBJECT TO A DESTINATION 1918

EXTEND THE PUSHER PADS AND RETURN THE PUSHER PADS TO THE

GRABBING HEIGHT 1920




WO 2024/182625

PCT/US2024/017900

23/57

DETECT THE DESTINATION 2002

DETERMINE A DESTINATION APPROACH PATH AND AN

OBJECT DEPOSITION PATTERN, WHEREIN THE OBJECT

DEPOSITION PATTERN IS ONE OF AT LEAST A PLACING
PATTERN AND A DROPPING PATTERN 2004

APPROACH THE DESTINATION VIATHE DESTINATION
APPROACH PATH 2006

OBJECT TO BE PLACED OR
DROPPED 2008

PLACED

DROPPED

COME TO ASTOP WITH THE DESTINATION IN FRONT OF
THE SCOOP AND THE PUSHER PADS 2010

LOWER THE SCOOP AND THE PUSHER PADSTO A
DEPOSITION HEIGHT 2012

USE THE PUSHER PADS TO PUSH THE OBJECT OUT OF THE
CONTAINMENT AREA ACCORDING TO THE PLACING PATTERN
2014

COMETO A STOP WITH THE DESTINATION BEHIND THE
SCOOP AND THE PUSHER PADS 2016

RAISE THE SCOOP AND THE PUSHER PADS TO THE
DEPOSITION HEIGHT 2018

EXTEND THE PUSHER PADS AND ALLOW THE OBJECT TO
DROP OUT OF THE CONTAINMENT AREA ACCORDING TO
THE DROPPING PATTERN 2020

FIG. 20

/ 2000



WO 2024/182625 PCT/US2024/017900

24/57 / 2100

2102

A
i)+

700 E ], ]
o
600 Tt ~ SN
2146 NN
N
2142 \\3\
£ & \\
o0 ¢ v \ o0 ° v
2140
9] (43 A k4
214 AN
o0 v ° v

FIG. 21A



PCT/US2024/017900

WO 2024/182625

/2100

25/57

(@]

AN

<

m

FIG. 21B



WO 2024/182625 PCT/US2024/017900

26/57 / 2100

2118

<

SH & v

SN "
\\x\\ N\
\\ ., gy

\\ ET in

-y
=]
A

FIG. 21C



WO 2024/182625 PCT/US2024/017900

27/57 / 2100

FIG. 21D



WO 2024/182625 PCT/US2024/017900

28/57 / 2100

FIG. 21E



WO 2024/182625 PCT/US2024/017900

29/57 / 2200

© 7
2204
N
ATTINDZ SN
o & v & g
2210

FIG. 22A



PCT/US2024/017900

WO 2024/182625

/ 2200

30/57

2208

FIG. 22B



PCT/US2024/017900

WO 2024/182625

/ 2200

31/57

2227

2224

2220

FIG. 22C



WO 2024/182625

2226

<

2224

PCT/US2024/017900

32/57 / 2200

BRI
\‘\. \\
LI

2234

FIG. 22D



WO 2024/182625 PCT/US2024/017900

33/57 / 2200

FIG. 22E



WO 2024/182625 PCT/US2024/017900

34/57
‘(/// 2300
2Bty | B =

2324

o
2304 @ @"%7_%3
- me:z:

2304

2306

FIG. 23A FIG. 23B




WO 2024/182625 PCT/US2024/017900

35/57

/ 2300

2312 2312
2314 2314
2316 2316
2342
.
ﬁ 2344
231 ”f 2318

5 2346

/ 2346
2320 Parel e 2300
D

FIG. 23C FIG. 23D




WO 2024/182625

2402

2404

2406

2408

U

2
@@@%@ ©

242

2426

O e

2R3

PCT/US2024/017900

S

I

.‘ e
"

2432

FIG. 24B

2404

2406

2408




WO 2024/182625 PCT/US2024/017900

2412
2414
2416
2418
73
A
{
'y 2444 2444
2420 N e 2420
fro—é @O

FIG. 24C FIG. 24D




WO 2024/182625 PCT/US2024/017900

38/57
v/2500
x4 2
E‘l‘»i OBJECT DETECTION AND
CLASSIFICATION 2516
2506
/’S\
HO)
Q)
2508
o 2518
ENVIRONMENT 2502 (/{émi
N=Z
L ipl  GLOBAL/LOCAL MAP
2510 i UPDATE 2520
2512 /_JL\
O =
- OBSERVATIONS,
CURRENT ROBOT

STATE, CURRENT
OBJECT STATE, AND
SENSOR DATA 2522

D

FIG. 25



WO 2024/182625 PCT/US2024/017900

39/57

/ 2600

26002 ~——

T X TTTTT,
X A 7o
% g
%3 ‘
s 8 o
D4 g
s i
3
S

2604~

2606 ~—"

FIG. 26



PCT/US2024/017900

WO 2024/182625

40/57

00£¢

e H

X
9077 S3100 3laefpn Y02 S13ae] UBI1sse 01apoll 7027 Nndap ypm
DUP ‘3geAoW 1e1S d1pJedas uoneUaWEas dndoued e uny 033 03DIA AAI| SS3)0Jd DUP 3AIRIY
x A A
5
30/ .
7Ly




WO 2024/182625 PCT/US2024/017900

41/57

N
[ee]
[
(o =]

/ 2800

2830 2832

99 009} |
@“ﬁﬁﬁb

QQ--- 000

N
[ee]
uiird
No
N
(o]
puird
[®))]

2820

FIG. 28A

SO SO
4,14, B0, 14, 14, )
ea 2aQ]

~
N
x
o
)
IS
x
o

282) )

9

N
[ee]
D

N
co
()
co

SEESRS
O 080y |
SO0

N
[ee]
=
No
N
(o]
ulird
o

2820

S
NSSERNS
SRS

2806

| 2838 2840 284) )

FIG. 28B

4

N
[oe]
|US]
(@)



WO 2024/182625

42/57

PCT/US2024/017900

/ 2900

GENERATE REIDENTIFICATION
FINGERPRINTS, IN EACH SCENE,
FOR EACH STATIC, MOVABLE, AND
TIDYABLE OBJECT 2902

v

DETERMINE MATCHES BETWEEN THE LOCAL
STATIC POINT CLOUD AND THE GLOBAL
POINT CLOUD USING MATCHING STATIC

OBJECTS AND MATCHING KEYPOINTS FROM

THE STATIC SCENE 2916

PLACE THE REIDENTIFICATION
FINGERPRINTS INTO A GLOBAL
DATABASE 2904

—

v

DETERMINE A CURRENT POSE OF THE
MOBILE DEVICE CAMERA RELATIVETO A
GLOBAL MAP 2918

GENERATE KEYPOINTS FOR A STATIC
SCENE WITH EACH MOVABLE
OBJECT REMOVED 2906

v

v

MERGE THE LOCAL STATIC POINT CLOUD
INTO THE GLOBAL POINT CLOUD AND
REMOVE DUPLICATES 2920

DETERMINE A BASIC ROOM
STRUCTURE USING SEGMENTATION
2908

v

UPDATE THE CURRENT POSE OF THE MOBILE
DEVICE CAMERA ON THE GLOBAL MAP 2922

v

v

DETERMINE AN INITIAL POSE OF
THE MOBILE DEVICE CAMERA
RELATIVE TO A FLOOR PLANE 2910

SAVE THE LOCATION OF EACH STATIC OBJECT
ON THE GLOBAL MAP AND A TIMESTAMP TO
THE GLOBAL DATABASE 2924

- 2910

v

GENERATE A LOCAL POINT CLOUD
INCLUDING A GRID OF POINTS
FROM INSIDE OF THE STATIC
OBJECTS AND KEYPOINTS FROM
THE STATIC SCENE 2912

UPDATE THE GLOBAL DATABASE WITH AN
EXPECTED LOCATION OF EACH STATIC OBJECT
ON THE GLOBAL MAP BASED ON PAST
LOCATION RECORDS 2926

v

v

COMPARE EACH STATIC OBJECT IN
THE STATIC SCENE AGAINST THE
GLOBAL DATABASE TO FIND A
VISUAL MATCH USING THE
REIDENTIFICATION FINGERPRINTS
2914

IF PAST LOCATION RECORDS ARE
INCONSISTENT FOR A STATIC OBJECT,
INDICATING THAT THE STATIC OBJECT HAS
BEEN MOVING, RECLASSIFY THE STATIC
OBJECT AS A MOVABLE OBJECT 2928

v v
3000 fe- - - - ¥ 3100

A 4 A 4
PRIORITIZE OPERATIONAL TASK RULES AND INSTRUCT ATIDYING ROBOT, USING A
ROBOT INSTRUCTION DATABASE, TO PERFORM AT LEAST ONE TASK 2930

FIG. 29



WO 2024/182625 PCT/US2024/017900

43/57

/ 3000

GENERATE A LOCAL POINT CLOUD USING A CENTER
COORDINATE OF EACH MOVABLE OBJECT 3002

v

USE THE POSE OF THE MOBILE DEVICE ON THE GLOBAL
MAP TO CONVERT THE LOCAL POINT CLOUD TO A GLOBAL
COORDINATE FRAME 3004

v

FIG. 30 COMPARE FACH MOVABLE OBJECT IN THE SCENE AGAINST

THE GLOBAL DATABASE TO FIND VISUAL MATCHES TO

KNOWN MOVABLE OBJECTS USING REIDENTIFICATION
FINGERPRINTS 3006

v
SAVE THE LOCATION OF EACH MOVABLE OBJECT ON THE
GLOBAL MAP AND A TIMESTAMP TO THE GLOBAL DATABASE
3008

/3100

GENERATE A LOCAL POINT CLOUD USING A CENTER
COORDINATE OF EACH TIDYABLE OBJECT 3102

v

USE THE POSE OF THE MOBILE DEVICE ON THE GLOBAL
MAP TO CONVERT THE LOCAL POINT CLOUD TO A GLOBAL
COORDINATE FRAME 3104

v

FIG. 31 COMPARE FACH TIDYABLE OBJFCT IN THE SCENE AGAINST

THE GLOBAL DATABASE TO FIND VISUAL MATCHES TO

KNOWN TIDYABLE OBJECTS USING REIDENTIFICATION
FINGERPRINTS 3106

v

SAVE THE LOCATION OF EACH TIDYABLE OBJECT ON THE
GLOBAL MAP AND A TIMESTAMP TO THE GLOBAL DATABASE
3108




WO 2024/182625

44/57

3202
§

3228
%

Determine next
target object(s)
ana drop
location
+
Failed 10 pick Up

3220

NO

Drive 10 target Object(s)

Determine object isolation strategy

3204
Valid isolation
Strategy?
3208

Yes
{

EXecute object isolation strategy

PCT/US2024/017900

3206

Did isolation succeeq?

212
YESl/
¢

3210

| Determine pickup strategy

3216
&
§

NO—Valig pickup strategy? 214

EXeCUte pickup stragety

NO

3226

Object picked up?
Yes

3218

Navigate to drop location

3222

Determine drop strategy

3224

EXecute drop strategy

FIG. 32



WO 2024/182625 PCT/US2024/017900

45/57
v/3300
............................... L Reward/ ! Collision
| Penally3312 !} Avoidance 3314
|_____: ______ | I, f _____
3302 v v
o M Determine action(s) from policy
5 3310
; 3304
: (%
-— |
----------------------- > Pecueacions)
202
3306
o M Clieck progress toward goal
3308

Goal met?/ NO

Catastrophic erron?

FIG. 33



WO 2024/182625

46/57

STRATEGY TYPE
3402

Determing available actions used

PCT/US2024/017900

/ 3400

-
30— by strategy type
. .
| - COLLISION
3408 DEermine range of motion for WODANCE
each action
S 3414
3412
3416~
348~ RUnTENorcementieaming

model

ACTION(S)

3420

FIG. 34



WO 2024/182625 PCT/US2024/017900

47/57

/ 3500

(T |
arget SeNs0rs 3502 .
proximity| 3506
detected C l
LOCALZATION |—3522—3{  MAPPING  —3520—» PERL%EEIC'ON
3508
3526 | 3524 %
3538
| 3510
STATE SETTINGS lg—zcro—pl  PATH g aea5 3l PICKUP PLANNING
3530 352_8/ PLANNER 353 L0610
3512 3536 3540 \
3514
MOVEMENT
3534 CONTROLLER
3542 3516
v
MOTOR AND SERVO
CONTROLLER —
l l 3518
motors Servos

FIG. 35



WO 2024/182625 PCT/US2024/017900

48/57

3600
WAKE UP A SLEEPING ROBOT AT A BASE STATION 3602 /
v
NAVIGATE THE RO30T AROUND ITS ENVIRONMENT USING CAMERAS TO
MAP THE TYPE, SIZE AND LOCATION OF TOYS, CLOTHING, OBSTACLES
AND OTHER OBJECTS 3604
v
OPERATE A NEURAL NETWORK TO DETERMINE THE TYPE, SIZE AND
LOCATION OF OBJECTS BASED ON IMAGES FROM LEFT/RIGHT STEREO
CAMERAS 3606
/ + N
PERFORM, FOR EACH CATEGORY OF OBJECT W/TH A CORRESPONDING
CONTAINER 3608
¥
CHOOSE A SPECIFIC OBJECT TO PICK UP IN THE CATEGORY 3610
v
PERFORM PATH PLANNING 3612
v
NAVIGATE ADJACENT FACING THE TARGET OBJECT 3614

v
ACTUATE ARMS TO MOVE OTHER OBJECTS OUT OF THE WAY AND PUSH
THE TARGET OBJECT ONTO A FRONT SCOOP 3616
v
TILT FRONT SCOOP UPWARD TO RETAIN OBJECTS 3618
v
ACTUATE ARMS TO CLOSE IN FRONT TO KEEP OBJECTS FROM UNDER
WHEELS WHILE THE ROBOT NAVIGATES TO THE NEXT LOCATION 3620
v
PERFORM PATH PLANNING AND NAVIGATING ADJACENTTO A
CONTAINER FOR THE CATEGORY 3622
v
ALIGN ROBOT WITH A SIDE OF THE CONTAINER 3624
v
LIFT SCOOP UP AND BACKWARDS TO LIFT THE TARGET OBJECTS UP AND
OVER THE SIDE 3626
v
RETURN THE ROBOT TO THE BASE STATION 362

FIG. 36



PCT/US2024/017900

WO 2024/182625

49/57

LE "9Id

_ | 07L€

9% = ZLE NOILISOd N9 ONIANO4SIHY0)
ONOTdX3 INNSH NIg NI S0 dIANa ONMIOA INNSSY dvaN

INIOdAYM INIARILIQ
_

s — s 473
(5)1)3/90 1399vL 40 \ o@_x_w iw%_z%%% INIOdAYM INIDVIQY NOILY)01 103080
dMDId ¥04 NOILISOd -103130 INIAYILIT LIOYYL ININYILIA

_
DTZE INIOdAYM M3IIA . mﬁm - 90L€ YOS 3101
MIN INIA¥ILIQ 80 DI 5153190 AILN3Q ‘YN 3LYAdN INYDS

A

C0LE ONIDYYH)
aNY DNId315




PCT/US2024/017900

WO 2024/182625

50/57

918¢

V1S
ONIZINYDY0

8¢ "9ld

0

V1S

9€8¢E

-d04d




PCT/US2024/017900

WO 2024/182625

51/57

6€ 914

JA0W ONI¥OTA3 300mdn | | NOLYIS ONBDOG
A 0L N¥NLR DIGIOONT | | oL ILyoIN
- S f
s 0266 9166
|
PNINOIS {3ZINYOYO
NOLLYLNINDIS NOLLYALLDY 0L SdN0YD
JOY| AHOSH 3 g EURLEIZEES /1 moud
plL6¢ 916¢
40D LI9YVL A
o JIVNTYAS
0L6¢ T
¥ITIOULNGD om0l NOILYIOT pE——
INIWIAON ENIREIEN L3041 ONY 13380 DI
Pkt % %zooé@cém %
806t 906¢ 7065 06¢
SV
ININNOYIANI

006¢ \»



PCT/US2024/017900

WO 2024/182625

52/57

NOILYLNINDIS

07 '914

JOVIAI
N

710y

1IVAILY

| 300W 0

AR RN

0L0%

0oy

J

800y

N

133(80 1391

810y
SYOLYNLIY
OLSTYNDIS f—rTl0r  SS300NS
NOILYINdINYA dN-Yld d00DS NI
SIVAEINED) 113130 3MND3S
ERE g
- 9107
1394Y1 40 dii)ie
ALNIGYINAINYIN
535Sy 5007 .
1394v1 NOILYDO1
MW_W m%, 0L SINIOdAYM 0D
I1¥4INTD ININYILIA
¥v¥aa334

MIINAdI




PCT/US2024/017900

WO 2024/182625

53/57

0Ly
MIIA A11PY
najudWEny

g;\»

O

3017 aJmde)
P3P

17 '9ld

9Ly
uonezienul
de

A

[——1.]
7017 991130 SUNNndwo) allow



WO 2024/182625

54/57

LIDAR IMU SENSORS ~ ROBOT CAMERAS

(o)

[i=

v

GENERATE SCALE INVARIANT
KEYPOINTS FROM BOTH LEFT AND
RIGHT CAMERA FRAMES 4202

v

OBJECT DETECTION AND
CLASSIFICATOIN USING BOTH LEFT
AND RIGHT CAMERA FRAMES 4204

v

RE-IDENTIFICATION FINGERPRINT
GENERATED FOR EACH OBJECT,
USED TO DETERMINE VISUAL
SIMILARITY 4206

v

ROBOT LOCALIZES ITSELF USING
VISUAL FEATURES SUCH AS
KEYPOINTS AND OTHER SENSORS.
MAP OF ENVIRONMENT IS
UPDATED 4208

v

OBJECTS ARE RE-IDENTIFIED USING
A COMBINATION OF LOCATION,
TYPE, AND RE-IDENTIFICATION

FINGERPRINT 4210

!

EACH OBJECT IS GIVEN A
PERSISTENT UNIQUE IDENTIFIER
A1)

v

MAP [S UPDATED WITH OBJECT  |q
LOCATIONS AND SCALE INVARIANT

MOBILE
DEVICE

PCT/US2024/017900

/ 4200

USER INDICATORS AND OBJECT
PROPERTIES ARE UPDATED BASED

ON OBJECT PROPERTY OVERRIDES
4227

MOBILE APP USED TO UPDATE
OBJECT PROPERTY OVERRIDES
SUCH AS CHANGE OBJECT TYPE,
PUT AWAY NEXT, DON'T PUT AWAY,
AND MODIFY USER INDICATOR
4220

A

AUGMENTED
REALITY
ROBOTIC

INTERFACE

APPLICATION

MAP AND OBJECT DETAILS SYNCED

TO AMOBILE APP USING
BLUETOOTH OR WIFI 4218

KEYPOINTS USING A CAMERA
FRAME TO MAP TRANSFORM 4214

USER INDICATORS GENERATED FOR
OBJECTS SUCH AS NEXT TARGET,
DANGEROUS, TOO BIG, BREAKABLE,
MESSY, OR BLOCKING PATH 4216

FIG. 42



PCT/US2024/017900

WO 2024/182625

55/57

00ty

€7 914

CEey IDIAI3S QFYYHS TYNFILN|

0EET STDUNOSTY TINLDNYLSYHANI

8CEV IINAOIN INFNIDYNYA ALLINIAY

9767 TINAOI e 80¢p
DNIIOLINOI ONY DIN0
INIWIOYNYIN 3040 = LA
VaLs
ZCE7 TINA0N 7ZE7 IINAON 0lEv _
NOLLYHISIHDYO —» ONINOISIAO¥d ey | SPROMIIN G0¢7
43040 {) 43040 DINa
K over (rey vEr | NI
0CE7 3INAON 8L
ININOVNYIN [ 358V .1va 43040
43040 __
BEcY A oeey TrEy G
oLy Ve e W |
1N YYOMLIN 1N MOMLIN 1N MYOMIIN
MUYd-QUIHL | | ALYVA-QYIHL | | ALMv-GYIHL

C0EY INFLSAS FANLINYLSYAANI HOMIIN AL¥Yd-QYIHL




PCT/US2024/017900

WO 2024/182625

56/57

490vy

77 "914

e90y




PCT/US2024/017900

WO 2024/182625

57/57

G%7 914

SIALSIS
LS O ONILNJNODHIANS i
. @w -7 205t
S < @ |4
SNOLYITddY | | SROMLIN
SINIIT) LY e O | [0MHOLS LA | SRS LA -
ININIOYNYIA ONINOISIAOY
ININIOVYAYS) | Sy | | AN | | oNialan o 0ch
ININIDVNYA
RINNI0 | | 9SS0k | | Jey i | | spimas 3 NOLLYOIAYN 20h
DS | |NOLDYSNYL WNOIYNG3 | |ININg013A3a] |aNY ONIddvin
¥V TYMIA0S

00SH \»



