PCT/US2024/061879

WO 2025/144873

1/16

vl '9Old
Q.E\M, w/mi
[ NS |  JSS——————————— )
i B — P — o e e o e e i —
== 051 1 EAF
G Baly a0B|d ]
&, m L]
L ) S PN H b ==y RE=IRiujuys
@ Al T
i
— [
o m«NM_H m” ;
Baly Yold—]
c g B Gt D g
n AP o
i 1
. : 2halil
ysedj-s( I_M “ ol
004" . ]
b I




PCT/US2024/061879

WO 2025/144873

2/16

dl "ol

(1 9)
WY

IROQoY

G8l
061 81 Jeindwo)
Jsuyoiein UB3G-8Y Med Tohicielon!
UORISOd UL -UNy 8o8ld
auwL -uny
4
Vel 081l
usuaned Z61 I0jBIBUSL)
Jo4 0By J0J084I0D sejduis]
ei1¥e]g! uoisod jeuld s$s800.4dald
1000y 208|d
" Gl
561 dmioid Jainduwiog
Jojepiisa .
LONBIGHED o} "ofly UoReso T Mold
|CAUOT) 1000y UL -UNyY
A
Gol
JlOlAETET )
0ot awdwis]
weisig ssadoidald
08| PUE XOld ¥oid

UOISIOR ] UbiH

?

686Gl
iosusg
8240

A
eiowen

vO3

T

1301
siosuss

BUYO

E

SUBWa|T
Bubew Qe

gelL ‘szl

oGl
sJosusyg



PCT/US2024/061879

WO 2025/144873

3/16

SISSEYD
oju ped ussul

¥ee

UORORLIOG B 188

Gl

£,

uoneoos sovid oy of

< M
) w

5O UDRBUINGS S50

0ce s
co_u‘oﬂm,:ou
as0d ed

812 “

pedoq )

V¢ Ol

SISTBYD

0 LIORTUINER 880d RE %mmu 3

SRS BADYY BADW

. 4

gla

"

k320
10O UTIRILISR BN

80¢

Zumas selifiug




PCT/US2024/061879

4/16

WO 2025/144873

dc¢ olid

» siesn|D
vod - ajdninw Bupesin
BEHO munmg okt Busn Buveniy
v v 1
{pub oo
UORBIISHO
wiosues a pue uonmod Mndwios mawwwmw% %W%%
9z <
k4
431 .
W 880 ot Suisn ostd sugoy
8174

Buuueos el

oce



WO 2025/144873 PCT/US2024/061879

Pre-process 1o calibrate robot and sensor |

| and create template of chassis, GPU board,

| and GPU grasping locations ’
252

Calibration validation and
auto-correction

{ Compute grasping locations
| using point cloud in run-time

{ Identify position of chassis
{ using point cloud in run-time

Pick up part, and navigate
to approach point
260

Compute transform from
part to chassis

Perform final position
correction using alignment
pin and motherboard hole

distances

Verification™~—__
successful? -— e
266 g

Apply correction
267

Yes

Complete insertion process |
' 268

F!G 20 Yes ore No

to insert?
270
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Calibrate robot & sensors
315

Determine working plane
320

Acquire point cloud &
remove points below
waorking plane
325

.................................. &

Match part template to point |
cloud, transform, and
compute grasping locations

330

_ CAre T~
-~ grasping locations
~._n the same pose? -~

™ 335 g

No

Reacquire new point cloud
and remove points below
grasping locations
340

Cluster point clouds into
distinct clusters
345

Match template of grasping |
locations with point cloud
and compute location
350
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Calibrate robot & sensors
415

i Determine working plane for
{  board (part) using point
cloud
420

Precompute Region of
interest of board location
425

Create template of chassis
and board
430

Acquire point cloud of
chassis
435

Remove points below the

chassis using working plane
: eguation
440

Match chassis template to
point cloud
445

be— T

{ Transform location to world
' coordinates using the
calibration
450

FIG. 4A
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Move board over the
chassis to approach pt.
455

v

Acquire point cloud, and
remove points outside ROI

460

Match template of board
with points
465

1 Transform location of board
{ to world coordinates using
calibration
470

Compute tfransform from
board to chassis

Move to approach point
485

{ Use final position correction
: 490

Lower part and insert info
chassis
495

FIG. 4B
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Calibrate camera
515

Locate Region of Interest
(RO} from board location
520

Use template matching to
compute distance between
alignment pins & holes
525

............................... * E

" is distance  Yes
below threshold?  =>—
- 530 7

Recalculate positions for
place operation
535

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, —

15 distance ™~
below threshold?
540 '

Yes

Reinitiate process from start
545 ’

FIG. 5A
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{ Take snapshot of robotarm |
: after calibration
615

{ Retain static parts to create |
a robot arm template
620

1 Navigate robot to static part

i and create reference 3D
points

625

At runtime, capture a scan
of the robot
630

718 static™
portion visible in ™

scan?
635

Move robot to fixed pose,
and capture new scan of
robot
640

Yes

{1 Compute transformation
| between robot template and
: captured scan

645

¥

Pl N
transformation
identity (match)?
™~ B50 _.

Use transformation to
correct the calibration
655

FIG. 6
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