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Problem Statement

* Unsupervised Multi-body Rigid Segmentation and Motion Estimation
* Input
* Aset of K point cloud frames: P = {P;, P,, ..., Px_1, P}
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* Unsupervised: No training labels
e Multi-body: Unknown multiple parts

* Qutput
* Rigid Segmentation: Moving-part rigid masks.
* Motion Estimation: Per-part rotations and translations.



Motivation & Main ldea

* Motivation
* Open-set pose changes
* SE(3)-equivariance
« Category-agnostic about moving part g: rigid transformation
 Matching f: features

X: a point in point clouds
* Background 1) Rotation equivariance within the icosahedral group: f(gox) = go f(z),Vg € G.

* SE(3)-equivariance 2) Translation invariance w.r.t. arbitrary translation ¢: f(t o z) = f(z).
* Main ldea

* Training Strategy: simultaneously filter out the noisy flow predictions and refine the

estimates of rigid motion by exploiting the interrelation among scene flow,
segmentation mask, and rigid transformation

* Architecture: Category-agnostic part-level SE(3)-equivariance




Methodology

Point Cloud Pair

Po it | SE(3) &

. — —» Equivariant — @‘ """"" &

| 3 Network I
Pty A S

____________ R -

) = Icosahedronic
Equivariant Feature

Rotation Outputs

Pl P2
o
S o
Yo e
¥ A A '
Equivariant Motion Estimation Head — oy J ol /

1

Segmentation Qutputs <. Joint
. Pl P2 ' Optimization
Invariant T E P
Segmentation — S . ——®— SceneFlow
Head | :[

Initial Scene Flow



Methodology
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Experiments




Experiments

Table 1: Ablation studies on SAPIEN.

Seg. Head Scene Flow Mot. Head Metrics

SE(3) Point-level

Fezgt.) F;)E:)I(libifi‘g Current Past  Consensus APT PQT FI1T Pret RecT mloUT RIT
452 442 589 538 65.1 60.9 71.2

v 51.7 50.0 658 6477 67.0 61,6 723

v v 55.3 528 683 659 700 623 727

v v v 548 52.0 67.6 66.0 69.3 63.5 73.8

v v v v 57.0 51.6 673 638 7I1.1 63.1 73.2

v v v v v 63.8 613 773 842 7T1.3 63.7 754




Experiments

Table 2: Rigid segmentation and motion estimation results on SAPIEN. * indicates that we evaluate
these metrics upon the officially released model; - means that the metric is unavailable.

APT PQt F1t Pret Rect mloUt RIt EPE3DJ

PointNet++ [55] - - - - - 51.2 65.0 -
MeteorNet [46] - - - - - 45.7 60.0 -
Supervised DeepPart [71] - - - - - 53.0 67.0 5.95
Methods MBS [32] 49.4* 52.6* 67.6* 61.4* 75.2* 673 77.0 5.03
OGC-sup [61] 66.1 487 62.0 54.6 71.7 668 77.1

Ours-sup 73.5 578 711 65.6 77.7 726 814 3.86

TrajAffn [52] 6.2 147 220 163 34.0 45.7 60.1 -
SSC[51] 9.5 204 282 209 435 506 659 -
WardLinkage [66] 17.4 26.8 40.1 369 439 494 622 -
DBSCAN [19] 6.3 134 204 139 379 342 514

|

|

S

Unsupervised

Methods NPP [28 515 660 21.22

OGC [61] 556 50.6 65.1 650 652 609 734 -
Ours 63.8 613 77.3 842 713 63.7 754 547




Experiments

Table 3: Rigid segmentation results on OGC-DR and OGC-DRSYV.

APT PQ7T F17 Pre? RecT mloUT RIT
Supervised OGC-sup [61] 90.7/86.3 82.6/78.8 87.6/850 83.7/822 920/880 89.2/839 97.7/97.1
Methods Ours-sup 92.8/89.3 86.9/82.6 91.0/87.9 88.8/855 93.2/904 91.2/86.6 98.7/97.9
TrajAffn [52] 42.6/393 46.7/43.8 57.8/548 69.6/63.0 494/484 46.8/459 80.1/77.7
SSC[51] 74.5/703 79.2/754 842/815 925/896 773/747 74.6/70.8 91.5/91.3
Unsupervised = WardLinkage [66] 72.3/69.8 74.0/71.6 825/80.5 939/918 73.6/71.7 699/67.2 943/93.3
Methods DBSCAN[19] 739/719 76.0/76.3 81.6/81.8 858/79.1 77.8/848 74.7/80.1 91.5/93.5
OGC[61] 923/868 85.1/77.0 89.4/839 856/777 93.6/91.2 90.8/848 97.8/954
Ours 93.9/88.1 87.0/80.0 91.1/86.1 87.0/80.8 95.6/92.2 924/86.7 98.1/96.6




Experiments

Table 4: Rigid segmentation results on KITTI-SF. Our model still achieves competitive results even
though the data setting is inconsistent with the model’s assumption.

Method Category Method APt PQT FI7T Pref Rect mloUT RIT
Supervised OGC-sup [61] 624 3527 65.1 634 67.0 67.3 95.0
Methods Ours-sup 65.1 56.3 68.6 694 678 69.5 95.7

TrajAffn [52] 24.0 30.2 432 37.6 50.8 48.1 385

SSC[51] 125 204 284 228 376 415 489
Unsupervised ~ WardLinkage [66] 25.0 163 229 137 698 605 449
Methods DBSCAN [19] 134 228 32.6 267 420 426 553
OGC [61] 544 424 524 473 588 63.7 93.6

S

Ours 53.6 444 551 563 540 615 934




Table 1: Segmentation performance on KITTI-Det.

] Methods APT PQtT F1t Pret Recl mloUt RIT
EX p errments OGC-sup [10] 514 410 49.1 437 560 662 91.0
Ours-sup 525 433 518 475 570 68.0 92.6
OGC-unsup [10] 40.5 309 370 308 465 60.6 86.4
Ours-unsup 41.3 329 388 353 431 602 87.2
Table 2: Segmentation performance on SemanticKITTI.
Sequences Methods APt PQT F1T Pre? Rec mloUtT RIT
OGC-sup [10] 53.8 413 48.1 40.1 60.0 68.3 90.0
00 - 10 Ours-sup 60.1 476 554 486 o644 719 934
OGC-unsup [10] 426 30.2 353 282 473 603 86.0
Ours-unsup 469 31.6 369 29.0 50.6 632 88.7
OGC-sup [10] 553 418 484 40.1 61.1 69.9 90.3
00-07 & 09 - 10 Ours-sup 60.5 48.1 556 488 64.7 73.2 93.8
OGC-unsup [10] 436 30.5 355 28.1 482 62.1 86.3
Ours-unsup 474 31.7 368 287 510 6438 89.3
OGC-sup [10] 494 392 466 400 558 603 38.3
0% Ours-sup 584 46.0 544 478 63.1 658 91.7
OGC-unsup [10] 38.6 29.1 347 286 440 51.8 34.3
Ours-unsup 44.2 31.0 373 300 49.1 558 86.1







