Key insight: Parts are fundamental
building blocks of our daily objects. We
humans can identify a set of commonly
used parts, which can generalize to
unseen object categories. Some part
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Motivation

classes are more elementary and

fundamental than object categories

and thus worthy of more research

efforts.

Goal: Learning cross-category skills via
Generalizable and Actionable Parts

(GAParts).

Tasks: Part Perception (Segmentation & Pose Estimation), Part-based

Object Manipulation
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Part Classes in the GAPartNet Dataset

Handles on Furniture

Seen Object Categories

Generalize

Domain Generalizable Perception

In the Simulator In the Real World
Cross-category Part-based Object Manipulation

Contribution

Dataset: A novel concept GAPart, a large-scale interactive dataset,
GAPartNet, with rich part semantics and pose annotations.

Perception: A first-ever pipeline for domain-generalizable 3D part
segmentation and pose estimation

Manipulation: A new solution to generalizable object manipulation by
leveraging the concept of GAPart
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Dataset Results
GAPart Concept LnEH. RJAEHL HgHIL Hgld. SdLd. SdBn SdDw. HgDr. HgKb. Avg.AP Avg.AP50
Rigorous Definition: SGI] | 578 936 812 760 83 252 08 939 515 385 688
. 48 . . . . 9. . . ! . . .
T . - . Seen (%) AGP[[FI]] 868 203 877 797 894 623 616 925 167 572 66.3
 Geometric S|m|Iar|ty, actlonablllty allgnment Ours 89.2 549 904 848 898 667 672 947 529  67.6 76.5
- . PG[17] | 3244 9.8 21 268 00 426 570 639 17 21.9 26.3
Semantics: Unseen (%) | SGI#61 | 258 5.0 04 339 06 515 512 690 121 220 27.7
seen ) | AGP[48] | 45.6 4.8 31 343 00 478 641 631 115 257 30.5
9 common GAPart classes Ours 45.6 40.0 31 402 50 491 642 691 234 320 37.2
Poses:
» Canonicalized part position anc_l orientation in Sy i T ST i i enTT AT
NPCS (Normalized Part Coordinate Space) N BEs Seen | PO [17] 143 0.034 0.039 7.947 0.020 49.4 412 66.4
. Mous | 85 0028 0035 74 0014 522 486 715
. . Ours . . . . . , . .
GAPartNet Dataset S R v e S Seen Object Categories PG[17] [ 182 0.056 0.073 12.0 0.031 362 28.0 50.9
. _ - i ; mefFoeedTindly HGgSHands | SHGHDIer inge Li inge Door —__ Unseen|AGP[31]| 182 0.57 0.076 11.9 0.029 363 28.6 51.2
A large-scale part centrlc. interactive _dataset | | ot cen ACP [31]) 182 057 0.076 119 0029 363 286 512
9 GAPart classes, 27 object categories, 8,489 part instances, 1,166 objects | / | S
. Rlch part -level annotations (semantics, poses) Vo Cross-category Part Segmentation

and Pose Estimation

Success Rate(%) Drawer Door Handle Button
Seen Unseen | Seen Unseen | Seen Unseen | Seen Unseen
Where2act [0] 69.9 54.5 44 .4 18.2 78.7 49.2 82.2 80.9
ManiSkill [7] 32.9 26.6 27.8 28.3 53.9 42.1 65.5 54.5
Ours 95.0 90.0 70.0 55.0 90.0 85.0 100.0 95.0

Remote Safe StorageFurniture Suitcase  Table Toaster T01let TrashCan WashlngMachme Box A Bucket-A Drawer-A TrashCan-A

Score
Homain Distiioion 4 | Thresholding
Classification -balancing orlented
— Trainin Query

@ Dual-

Sparse
UNet

grouping, S
Scorin
P g
Partial ‘ Sparse UNet
Point Cloud

NP Point L J TR .

Feature M' Proposals with Scores C M Masks O.bJeCt.
: ; ; L Manipulation
Domain-Generalizable Part Segmentation Part Pose Estimation

Part Segmentation and Pose Estimation
* A part-oriented domain adversarial training strategy.
* Part-oriented feature query, multi-resolution, and leveraging focal loss

Part-based Object Manipulation
* Actionability in GAPart pose definition — a simple yet efficient heuristic algorithm

Scan the QR code for more
information and to contact us!
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Cross-category Part-based Object Manipulation in the Simulator




