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(a) Hardware level

Part 1 Part 2

UR10e-6DOF Manipulator ~ Sleeve quick-change device

‘ Self-designed

Part 3 Part 4

active and passive

compliance end-effector Mir mobile chassis
Self-designed

‘—m (\‘0- .‘“2' 4' ‘

Self-designed bolt disassembly AMMR

=
o 5
.

E ol Multi-sensor fusion
e e e :

1 RGBD Camera Force/Torque Sensors |
1

| [ SN RR, PR————
— ’ changeable sleeve / magnetisi ‘%’s

— \ c' p
-...'k_; |
Rt | |

1: Inner ring/outer ring mounting ports. 2: Stepper motor. 3: Positioning bolts. 4: Sleeve,
5: Inner ring fouter ring removal ports. 6: Remove claws, 7: Support disk, 8: Rotating disk.
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uchonia) function
(andiabove_screw)
L AURELD (and(bave(coarse_pose)) m‘ LT TR TR
(larget_aimisensor))
L Approach {modiabove _screw))) Bl CSUSSETE (0

(target_clean sersor)))

AR

SHHAD (Mme)

AR (Push)

WAEMEE] (nsent)

£0

Lz L A

{ Dhaszssemible )

Eitinw

(Recognuze)

T (Change)

IR (Cur)

®"M (Mal)

(and{above_screw)
(target_nun{sensor))
(target_clear(sensor)))

(and{complete_recogmae )
(exist_sleeve(senor))
(notftarget_match(sensor)))
(mot(target_rust{senor))))
(and(complete_recognize)
(mot(exist_skeeve(senor)))
(not{target rust{senor))))
(andicomplete_recognize)
(target_rust{senor)))

(and(complete_recognize )
(target_match(sensor))
(exist_sleeve(senor))
(mot{target _rustisenor))))

(target_muatch(sensor))

(and(exist_sleeve (senor))
(mot{target_match(sensor))))

(disassembled( sensor))
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Motion planning: AFERIEITEBXINSE

- PRIEEFRNE BinE2 (20x00E)
-+ EOEHERHARNERE (100x)

Task Planning Motion Planning

=T
|

Sample 7P as P

1 Appreach (P1)

- 2 Disassembly

1“ Approach (7P) Motzon Feasimlity Checking Result: Fal

2 Misassembly

Screw waitiag 1o b i

T o
O
v

l‘-A.'

= chassis can’t move to Pl because of confliction

Sample 7P us P2

g Disapserwhly  : 7 DIMSSCHIN}'

@:ction 1 Approach ('2) ;

."h_]

s B ' Sty e e Motion Feasibility Checking Result: Fail
o - = $ «  Arm can't reach the bolt for disassembly
@:action D = TP
Apzcoachi'P)
; l Sample 7P as P3

] .
i1 Approach (I3) Y
2 Dissssembly
L=

Mouon Feasibility Checking Result: Success
¢+ chassis can move to P2
£ = Arm can reach the boli lor disussembly

(a) Traditional random position sampler Kinematic Simulation Engine
Target Speculative Inverse kinematics
pose chassis position has a solution?
Random sampling
N
(b) Neural network prediction - — - -
= Kinematic Simulation Engine
Target sl fheul e Speculative MSEloss
pose : AN '.N“D : chassis position (») Inverse kinematics
B T has a solution?
» & I
e B ;
N
(c Robot position speculation network
Target : AN ;‘ (03 . Sp::.culay e 2 Inverse Innovative loss
pose : . Tihe sition(s kinematics function(y) I ——
A 5 | ay :
l —= | =
s o 00K e {: R | MR, )

https://arxiv.org/abs/2402.16281



(d) Task level

Depth

tnformatson \'G(.‘m Neural predicat Cure:l0l0JoTo] o ][0l LM
current state (predicate) ===y o n S e ity Goal:/1|[0][0]1
gon | M 2. target_clear() Generate the primitive that is most
T Give a sequence of feasible e AR X wgﬂ_—m’cm likely to be executed in the next step.
Primitive - : AN :
- based on the i L VAE 7. target_rust()
; current/target predicate taformation ~
Req:{x||1}10jjx{x[0}iD
L The state of the environment is sensed by the (::r T S -y LLM
seven neural predicates. (12 TRUE; 0: FALSE) v
Rea] tlme checkln of The current state meets the pre- l
g . uirements of the primutive
b s b o Init evaluated as “No™,
Against Tree Depth 0 ofofolofolelo B @ | PO oSS T e—— - a1
4 |l el et | Req: | /0]« [x][ x]o
perceived state e 01016 al0T 0] ™ | LLM
i (real time update) / \
U e = The curreat state meets the pre- l
< requirements of the primitive
Mate Push Approach [Appecach], evaluated as “Yes” —

target state (predicate) Breadth-first tree search ( __________________ j

Reasoning Tree Depth I | 1 Mate || Push || Approach

prompy What prisitive peiiles , —
generation can be executed?  Complete predictive state 1 Mate Push VAPproach e TR,
Whatprumnve 1S plans predictive state 2 —— Sensed state ® Goal: 1[110] 11 1)1 - LLM
most likely to be : n < 5 ‘
mamg log = ; . gt ot LD |
assessed as “Sure”™, Sure
X — Tree Depth N . Goal EEE 00000 | R e T T s s rag st T

LILM-heuristic tree search CI VCC
ICRAE 2023

T re-planning N (atolzlil:]a N Push | eee y




Motion planning: Assign values to the parameters of primitive.

- LR
ab
BE
- LI
« (F5AIx (LLM)
« IEETALK (FATLNZR)

FE =11

https://arxiv.org/abs/2402.16281

CNCC



BEAM-1

L2 L3.1 HAMRAEML o L322 AL L4 75 AL fl
F 2k LLM +Fi4i i i * LLM + W[ %% ) J5i 3 U SREI S AR o
Gk

SR LM L5%]

R BUR 354

AR

el P52 5] P2 5]
T

438 BIEEE s BIESEToAns

TR S R RS JEE A JEE
LY AL ETh &[Sy AR ATBS TEHR [EREZ 14755
LBILE = SR LBILEp = SRy
FRAEAL T i A BREHIIE T ByALEF A Hie 55 RALES A PLES N\ R HE B

B o HCI VCC

| T




< NSAI Home 2 < NSAI Home A ¢ NSAI Home 2

NABERR LS § U ! BRSO NG —|al it @ R -1X OH20E L0902
DIRFBEFT A LSRN S8, —iE
£, —EHF|

IROS 2024: BFHEFSAIRE

2 7T — AKX,
FMRAMMR R (BEAM-1) N NN .
B ER. BHABTET.

Conference

(W5 &) m&ﬁ% Al#tX Logo: on Intelligent Robots and Systems (IROS
BEZN, SRR 2024)

‘ | | f;:yi fFSAItELogo: M2, I /Jt\j_k%—/: / AI_‘E_,HH éﬁé/l:\lﬁﬂ -LT_
PR S A TR TSI - = BB IEM AR
RIZEE, 5|15

——2024% LR MK EMERS 8th International Workshop on

ESRBEXREBH!
R EIRRR D),
AT EEERPFREGHZ! Autonomous Remanufacturing (IWAR

32 1 A T 09 R M2 2z
EMSEAFRE, SIMERH “ AL+

LEEEE s, SR EHFRE RN
NAN2024ERE T[S A T EEEH XY
&, EET20245F6824-258 & LiGA X

6B208 EF09:02 ; NEEA B EIHM RS
IR AER B HEBI A T EAES| S T4 S MR BRI R




NSAiHome

MEFS ATEELX



