WO 2023/060285

1/38

PCT/US2022/077917

112 104
FIG. 1A
/woo
108
e —
— —
118 112 4
3 > / %0
g J s / 106
[ 5
120 R
116
110
102
116 120
e 106
104
| IR 12
\ 114
118

FIG. 1B

112



WO 2023/060285 PCT/US2022/077917

/100
144 148

@ [nin/nin nininin 134)
126 Z\ = =
< ©) o §
[N|H|H|N BjN]H|E]
[ ]
\ 138 142

150

FIG.1D



WO 2023/060285

/ 200¢

/ 2002

100
4
112

118

>
10

FIG. 2A

= o
206 -

204

(o]
[een]
[\

3/38

PCT/US2022/077917

FIG. 2C

208

FIG. 2B



WO 2023/060285 PCT/US2022/077917

4/38
116
18 110 /2000
S .
A\ £
216 102
D
18
116
FIG. 2D

/ 2008

FIG. 2E



WO 2023/060285

/ 300

302

,/ 3002

102

FIG. 3A

5/38

118

PCT/US2022/077917

302
102
FIG. 3C

112

100

FIG. 3B



WO 2023/060285 PCT/US2022/077917

6/38

/ 400c

FIG. 4C

[}
(]
r
< ]
(e ) [a)
= o~ o~ =2 ~ ~
o ()
=~ =3 = = = =
()
()
=
™~
o~
= .
< o
LL
(o]
s
=
)

FIG. 4B



WO 2023/060285

/ 500

7/38

502

110

PCT/US2022/077917

FIG. 5



WO 2023/060285 PCT/US2022/077917

8/38

614
604 602
( 618
) )
126 l 4
102
616
v/700
710




WO 2023/060285 PCT/US2022/077917

9/38

b J )
304
N
FIG.8
/ 900
N O
7 Q)
7
N D :

FIG. 9



WO 2023/060285 PCT/US2022/077917

10/38

/ 1000

FIG. 10

v/moo
1102

1102
FIG. 11



WO 2023/060285

PCT/US2022/077917

11/38
1206 / 0
/
S O gy 1204
—
7 )
by
FIG. 12 110 D ()
.. -
[ 1

FIG. 14

1406~

1404

1408

1402



WO 2023/060285

V/ 1500

112

114

12/38

PCT/US2022/077917

FIG. 15



WO 2023/060285 PCT/US2022/077917

/ 1600

/ 1700




WO 2023/060285 PCT/US2022/077917

14/38

/ 1800

FIG. 18A

FIG. 18B



PCT/US2022/077917

‘{/,,1900

1908

N

OUTPUT

WO 2023/060285
15/38
1902
\_—\
CPU
12:4 1906
INPUT 7
DEVICES - MEMORY
1914
1916
STORAGE
...... DEVICES
1910

FIG. 19

DEVICES

NETWORK
INTERFACE

1912




WO 2023/060285 PCT/US2022/077917

16/38
v/2000
- 2008
E‘W‘I ) OBJECT DETECTION AND
CLASSIFICATION 2010
1%2
-
©
130
S\ 2012
ENVIRONMENT 2002 @
=7
0 GLOBAL/LOCAL MAP
2004 3 UPDATE 2014
2006 /\
e ]
- OBSERVATIONS,

CURRENT ROBOT
STATE, CURRENT
OBJECT STATE, AND
SENSOR DATA 2016

N

FIG. 20



WO 2023/060285

17/38

2102
§

PCT/US2022/077917

2128 —. Dnve [O targe[ ODJE[[(S) " """""""""""""""""" E
=
Determine next s
- -—
target object(s) e PR .
o lop Determine object isolation strategy @
location 2104
+ - . H
Failed 10 pick up | va|5|?ra|s[g|gayt7|on 2106
2170 Yes ?08
2200
200 R T e —
NG Object picked up? 2118
Yes
Navigate to drop location |~ 2122
Determine drop strategy  \> 2124
2126
EXeCUte OropSrategy  e—>] 2200 |

FIG. 21



WO 2023/060285 PCT/US2022/077917

18/38
v/zzoo
| |
_______________________________ | Reward/ '!  Collision
| Penalty 2212 ' Avoidance 2214
I_____: ______ | I 5 _____
2202 v v
A
é o , 2300
froes e M Determine action(s) from policy
2210
2204
A

|
> Execute action(s) e

2002

N
(]
[ann)
[@n}

o M Check progress toward goal

2208

GOal mety/ NO

catastrophic error?

FIG. 22



WO 2023/060285

19/38

STRATEGY TYPE
2302

Determine available actions used

PCT/US2022/077917

/ 2300

-
il by strategy type
g 2310 s
A 4 g A 4
- - COLLISION
2308~ Determine range of motion or ODANCE
each action
S 2214
2312
Bl
2316~ RUNTEINIOICEMentearing

model

ACTION(S)

2318

FIG. 23



WO 2023/060285

PCT/US2022/077917

20/38

DETECT THE DESTINATION 2402

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 2404

APPROACH THE DESTINATION VIA THE DESTINATION
APPROACH PATH 2406

OBJECT TO BE PLACED OR DROPPED

DROPPED 2408
PLACED

COMETO A STOP WITH THE DESTINATION IN FRONT OF
THE SHOVEL AND THE GRABBER PADS 2410

LOWER THE SHOVEL AND THE GRABBER PADS TO A
DEPOSITION HEIGHT 2412

USE THE GRABBER PADS TO PUSH THE OBJECT OUT OF THE
CONTAINMENT AREA ACCORDING TO THE PLACING PATTERN
2414

COMETO A STOP WITH THE DESTINATION BEHIND THE

SHOVEL AND THE GRABBER PADS 2416

RAISE THE SHOVEL AND THE GRABBER PADS TO THE
DEPOSITION HEIGHT 2418

EXTEND THE GRABBER PADS AND ALLOW THE OBJECT TO
DROP OUT OF THE CONTAINMENT AREA ACCORDING TO
THE DROPPING PATTERN 2420

FIG. 24

/ 2400



WO 2023/060285

21/38

DETECT A STARTING LOCATION AND ATTRIBUTES OF AN OBJECT TO BE LIFTED
2502

v
DETERMINE AN APPROACH PATH, A GRABBING HEIGHT, A GRABBING
PATTERN, AND A CARRYING POSITION TO SECURE THE OBJECT IN A
CONTAINMENT AREA 2504

v

EXTEND THE GRABBER PADS AND RAISE THEM TO THE GRABBING HEIGHT
2506

v

APPROACH THE OBJECT VIA THE APPROACH PATH, COMING TO A STOP WHEN
THE OBJECT IS POSITIONED BETWEEN THE GRABBER PADS 2508

v

EXECUTE THE GRABBING PATTERN TO CAPTURE THE OBJECT WITHIN THE

CONTAINMENT AREA 2510

IS THE OBJECT WITHIN THE

PCT/US2022/077917

v/ 2500

CONTAINMENT AREA? 2512

EXERT LIGHT PRESSURE ON THE OBJECT WITH THE GRABBER PADS TO HOLD
THE OBJECT STATIONARY IN THE CONTAINMENT AREA 2514

v
RAISE THE SHOVEL AND THE GRABBER PADS TO THE CARRYING POSITION 2516

T £210
CARRY THE OBJECT TO A DESTINATION 2518

EXTEND THE GRABBER PADS AND RETURN THE GRABBER PADS TO THE

GRABBING HEIGHT 2520




WO 2023/060285

22/38

PCT/US2022/077917

/ 260

2602~ Drive to target object or object group
2604~  Adjustangle an(imove obstacles
o
2608 Drive so argg)?eatltiggnmpuast opjector
2610 USe arms to push object or opject

group onto scoop

2612

S Object or object
group picked up?

AppIy light pressure on top of object

S 0r against Scoop
] e
N
o
o]
2626 Y  Drop object at destination location

FIG. 26

2674

J

AQjUSE arm height based on type of
object or object group




WO 2023/060285 PCT/US2022/077917

20 il )

2704 2704

2706 2706
2732 L Z

2708 2708

2710 2710

FIG. 27A FIG. 27B



WO 2023/060285 PCT/US2022/077917

24/38

V/ 2700

212

N
~
RN
(o]

20

FIG. 27C FIG. 27D



WO 2023/060285 PCT/US2022/077917

25/38

i

3

2806 2806
2808 2808
2810 2810

FIG. 28A FIG. 28B



WO 2023/060285 PCT/US2022/077917

26/38

V/ 2800

2812 2812
2814 2814
2816 2816
2818 2818
2846
2846

2820 o § 2820

&S

&‘ H

FIG. 28C FIG. 28D



WO 2023/060285 PCT/US2022/077917

27/38 / 2900
=3 a0

2932

FIG. 29A FIG. 29B



WO 2023/060285 PCT/US2022/077917

28/38 / 2900

lt 2912
2940—>
w3 | 2
\ 4
2916
2918
@ . M

FIG. 29C FIG. 29D



WO 2023/060285

3002

3028

3032

FIG. 30A

29/38
3022 =
£
&g
3024

3032

3034

PCT/US2022/077917

FIG. 30B

wo
[ann)
[ann)
~

wo
[awn)
=
o



WO 2023/060285 PCT/US2022/077917

[(Se]
[ann)
-
[@n}

wo
[awn)
-
oo

o
(e
N
[awn]

i

FIG. 30C FIG. 30D




WO 2023/060285 PCT/US2022/077917

31/38

/3100

(O \
[ Sensors 3102
arget 3144
proximity| 3106
detected L l
LOCALATION |—3122—>{  MAPPING  fe—3120—{ oo 0"
3108
3126 | 3124 S
3138
| 3110
STATE SETTINGS le—a1pg—| TR  lg 3130 | PICKUPPLANNING
3130 3”_8/ PLANNER LOGIC
3112 3136 3140 \
| 3114
MOVEMENT
3134 CONTROLLER
312 N6
v
MOTOR AND SERVO
L
l CONTROLLERl 1ig
motors SeNV0S

FIG. 31



WO 2023/060285 PCT/US2022/077917

32/38

3200
WAKE UP A SLEEPING ROBOT AT A BASE STATION 3202 /
v
NAVIGATE THE ROBOT AROUND ITS ENVIRONMENT USING CAMERAS TO
MAP THE TYPE, SIZF AND LOCATION OF TOYS, CLOTHING, OBSTACLES
AND OTHER OBJECTS 3204
v
OPERATE A NEURAL NETWORK TO DETERMINE THE TYPE, SIZE AND
LOCATION OF OBJECTS BASED ON IMAGES FROM LEFT/RIGHT STERFO
CAMERAS 3206
/ ‘ N
PERFORM, FOR FACH CATEGORY OF OBJECT WITH A CORRESPONDING
CONTAINER 3208
v
CHOOSE A SPECIFIC OBJECT TO PICK UP IN THE CATEGORY 3210
v
PERFORM PATH PLANNING 3212

v
NAVIGATE ADJACENT FACING THE TARGET OBJECT 3214
v
ACTUATE ARMS TO MOVE OTHER OBJECTS OUT OF THE WAY AND PUSH
THE TARGET OBJECT ONTO A FRONT SHOVEL 3216
v
TILT FRONT SHOVEL UPWARD TO RETAIN OBJECTS 3218
v
ACTUATE ARMS TO CLOSE IN FRONT TO KEEP OBJECTS FROM UNDER

WHEELS WHILE THE ROBOT NAVIGATES TO THE NEXT LOCATION 3220

v
PERFORM PATH PLANNING AND NAVIGATING ADJACENT TO A
CONTAINER FOR THE CATEGORY 3222
v
ALIGN ROBOT WITH A SIDE OF THE CONTAINER 3224

v

LIFT SHOVEL UP AND BACKWARDS TO LIFT THE TARGET OBJECTS UP AND

OVER THE SIDE 3226
v
RETURN THE ROBOT TO THE BASE STATION 3228

FIG. 32



PCT/US2022/077917

WO 2023/060285

33/38

€€ 'old

0CEE
97¢E v7eT ZZEE NOILISOd NIg ONIANO4STHY0D
ONMOTdXT INNSH NI NI S1DIME0 dNna ONPIOQ INNSSY avaN
INIOdAYM INIAYILIA
_
qTee — 7Iee 453
(S)1D3190 13OUYL40 zoﬁ/ww_w@___ézmﬁ% INIOdAYM INDYIQy [  NOILYI01 15380
dMDId Y04 NOILISOd -1D3130 ININYILIC 1394V INIAYILAC
_
OTEE INIOAAYM M3IA 80EE 3 YOEE V07
AMIN ININYILIC dMiDld 404 A40D3LY) 53[0 MILNIQI ‘YN 3LYAdN ‘NYDS
13130 D335

00t

C0EE DNIDYYH)
aNY ONId331S




PCT/US2022/077917

WO 2023/060285

34/38

7€ 914

10

VIS

9eve

-d0d(




PCT/US2022/077917

WO 2023/060285

35/38

45

NOILYININDIS

IDYNI NJ04u3d

GE "'Old

005€ \»

300/ ONINOTR J00AdN | | NOILYLS DNIMIOC
A o DI43vNT | | OLILvOIAWN
75
07t BIGE
|
ININDIS ATNVH0
NOLLYALDY 0L SdN0KD
gtilE Lzl /1 ooy
gk 9158
4N0YD L3V )
R
0isE 1
43TI0YING) ool NOILYIOT S
NGO 1Y ININEL3C LI ONY 1380 DTS
1 oo %zogzubém % |
805t 905E VGt 1068
N
INJNOYIAN3



PCT/US2022/077917

WO 2023/060285

36/38

NOILYININD3IS

9€ "Old

FOVII

VALY

| 3001 440

/| -e0daaLmLN

219¢
SYOLYNLDY
OLSTYNDIS +erN7196 SS300NS
NOLLYTNdINYIA dN-YDId TIAOHS NI
IVYINTD 123130 3435
ElE g
1394140 driie I3
ALITIGYININYIA
ST
H 0%t 709¢ 209¢
019¢ f f
L3Oy NOLYDOT
o 0L SINOAY w0y e DR
% IIVHINDD INIAYILI
9006 V8033




WO 2023/060285

37/38

LIDAR  IMU SENSORS ~ ROBOT CAMERAS

GENERATE SCALE INVARIANT
KEYPOINTS FROM BOTH LEFT AND
RIGHT CAMERA FRAMES 3702

v

OBJECT DETECTION AND
CLASSIFICATOIN USING BOTH LEFT
AND RIGHT CAMERA FRAMES 3704

!

RE-IDENTIFICATION FINGERPRINT
GENERATED FOR EACH OBJECT,
USED TO DETERMINE VISUAL
SIMILARITY 3706

v

ROBOT LOCALIZES ITSELF USING
VISUAL FEATURES SUCH AS
KEYPOINTS AND OTHER SENSORS.
MAP OF ENVIRONMENT IS
UPDATED 3708

!

OBJECTS ARE RE-IDENTIFIED USING
A COMBINATION OF LOCATION,
TYPE, AND RE-IDENTIFICATION
FINGERPRINT 3710

!

EACH OBJECT IS GIVEN A
PERSISTENT UNIQUE IDENTIFIER
3712

v

MAP IS UPDATED WITH OBJECT |
LOCATIONS AND SCALE INVARIANT

MOBILE ==
DEVICE
....... A INTERFACE

PCT/US2022/077917

/ 3700

USER INDICATORS AND OBJECT
PROPERTIES ARE UPDATED BASED

ON OBJECT PROPERTY OVERRIDES
3727

MOBILE APP USED TO UPDATE
OBJECT PROPERTY OVERRIDES
SUCH AS CHANGE OBJECT TYPE,
PUT AWAY NEXT, DON'T PUT AWAY,
AND MODIFY USER INDICATOR
3720

A

AUGMENTED
REALITY
ROBOTIC

APPLICATION

MAP AND OBJECT DETAILS SYNCED

T0 AMOBILE APP USING
BLUETOOTH OR WIFI 3718

KEYPOINTS USING A CAMERA
FRAME TO MAP TRANSFORM 3714

USER INDICATORS GENERATED FOR
OBJECTS SUCH AS NEXT TARGET,
DANGEROUS, TOO BIG, BREAKABLE,
MESSY, OR BLOCKING PATH 3716

FIG. 37



PCT/US2022/077917

WO 2023/060285

728 1IAIQ T1I90N

™ 08¢

38/38

08¢

08¢




