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Memory bank-based 3DAD methods follow three key steps: 1. Build memory bank
(from prototypes); 2. Register test point cloud; 3. Feature extraction and comparison.
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Motivation: Challenges

Unreliable Registration Weak Feature Representation




Motivation: Rethinking Registration in Anomaly Detection

--To address the challenges we discussed earlier

Conventional Pipeline:

Registration — Feature Extractor — Anomaly Detection
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Method: Reg2Inv

Registration-Induced Feature Learning
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Method: Rotation-Invariant Feature Extractor
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Method: Registration-Induced Feature Learning
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Method: Registration-Induced Anomaly Detection
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Experiments

Table 1: Comparison of AUROC results at the object and point levels (%) of various methods on
Real3D-AD. The best result in red and the second-best in blue for each category. (Raw) denotes the
raw point coordinates used as input to the method. (FPFH) and (PMAE) denote configurations using
Fast Point Feature Histograms [§] and PointMAE as feature extractors. The top three methods
are reconstruction-based, while the remaining ones are memory bank-based.

O-AUROC(T) / P-AUROC(1)

Method | Airplane Car Candy Chicken Diamond Duck Fish
IMRNet 762/ 1.1/ 75.5/1 78.0/ 90.5/ 51.7/ 88.0/
R3D-AD 772/ 69.3/ 713/ 7147 68.5/ 90.9/ 69.2/
PO3AD 80.4/ 65.4/ 785/ 68.6 / 80.1/ 82.0/ 85.9/
BTF(RAW) 73.0/564 64.7/647 539/735 789/609 70.7/563 69.1/60.1 60.2/51.4
BTF(FPFH) 52.0/738 56.0/70.8 63.0/864 432/735 545/882 784/875 549/709
M3DM 43.4/5477 54.1/602 552/679 683/67.8 60.2/60.8 43.3/667 54.0/60.6
PatchCore(FPFH) | 88.2/56.2 59.0/754 54.1/780 83.7/429 574/828 546/264 675/829
PatchCore(PMAE) | 72.6 /569 498/609 663/62.7 827/729 783/71.8 48.9/528 63.0/71.7
CPMF 70.1/61.8 55.1/83.6 552/734 504/559 523/753 582/719 558/988
Reg3D-AD 71.6/63.1 69.7/71.8 685/724 852/67.6 90.0/835 584/503 91.5/82.6
Group3AD 744/63.6 72.8/745 847/73.8 78.6/759 93.2/86.2 67.9/63.1 97.6/83.6
ISMP 85.8/753 73.1/83.6 852/907 7T14/79.8 948/92.6 7T1.2/87.6 94.5/88.6
Ours 81.8/923 758/944 100./969 944/91.0 100./97.9 75.0/93.7 67.2/84.6
Method | Gemstone  Seahorse Shell Starfish Toffees | Average
IMRNet 674/ 60.4/ 66.5/ 67.4/ 774/ 725/

R3D-AD 66.5/ 72.0/ 84.0/ 70.1/ 703/ 73.4/

PO3AD 69.3/ 75.6/ 80.0/ 75.8/ 77.1/ 76.5/
BTF(RAW) 68.6/59.7 59.6/52.0 39.6/489 53.0/39.2 70.3/623 63.5/57.1
BTF(FPFH) 648/89.1 779/512 754/571 575/50.1 46.2/81.5 60.3/73.3
M3DM 64.4/674 495/560 69.4/73.8 551/53.2 45.0/68.2 55.2/63.1
PatchCore(FPFH) | 37.0/91.0 505/73.9 589/739 441/60.6 56.5/74.7 59.3/68.2
PatchCore(PMAE) | 37.4/44.4 539/633 50.1/70.9 519/58.0 585/58.0 59.4762.0
CPMF 58.9/449 729/962 653/725 70.0/80.0 39.0/959 58.6/75.8
Reg3D-AD 41.7/545 762/8L7 583/8l.1 50.6/61.7 82.7/759 70.4/70.5
Group3AD 53.9/56.4 84.1/827 585/79.8 56.2/62.5 79.6/803 75.1/73.5

ISMP 46.8/857 729/813 623/839 66.0/64.1 84.2/895 75.7/83.6

Ours 73.5/90.7 532/645 69.2/906 84.1/840 62.6/73.7 78.0/87.8 9




Experiments

Table 2: Comparison of AUROC results at the object and point levels (%) of various methods on
Anomaly-ShapeNet.

0-AUROC(T) / P-AUROC(1)

Method | ashtray( bag0 bottle( bottlel bottle3 bowl0 bowll bowl2 bowl3 bowl4 bowl5
IMRNet 67.1/67.1 660/668 552/556 700/702 64.0/64.1 68.1/781 7T0.2/70.5 685/684 599/599 67.6/57.6 TLO/TLS
R3D-AD 833/ 7201 733/ PN 781/ 819/ 11.81 7414 7671 7441 65.6/
PO3AD 100./96.2 833/949 090.0/91.2 933/844 92.6/88.0 92.2/97.8 82.9/914 R833/91.8 B881/935 08.1/96.7 B4.9/94.1
BTF(RAW) 57.8/51.2 41.0/430 59.7/551 510/49.1 3568/72.0 56.4/524 264/464 525/426 385/685 664/563 41.7/51.7
BTF(FPFH) 42.0/624 546/746 344/641 54.6/549 322/622 509/71.0 66.8/76.8 S510/518 49.0/590 60.9/67.9 69.9/69.9
M3DM 57.7/5717 5371637 574/663 63.7/637 54.1/532 634/65.8 66.3/663 684/694 61.7/657 464/624 4097489

PatchCore(FPFH) | 58.7/59.7 57.1/574 604/654 66.7/687 572/512 504/524 63.9/53.1 615/625 537/327 4947720 558/358
PatchCore(PMAE) | 59.1/495 60.1/674 51.3/553 60.1/606 650/653 523/527 629/524 458/515 579/581 50.1/50.1 59.3/56.2

CPMF 353/615 643/655 520/521 482/57.1 405/435 783/745 639/488 625/635 658/64.1 0683/683 68.5/684
Reg3D-AD 50.7/698 T06/71.5 48.6/886 69.5/60.6 525/525 67.1/77.5 525/615 49.0/593 348/654 66.3/800 593/69.1
ISMP /60.3 1747 177.0 1568 1775 /851 /54.6 1736 /77.3 174.0 /534
Ours 90.0/785 100./99.1 100./99.5 100./84.9 100./81.7 100./98.3 80.7/82.8 65.6/822 585/76.1 §85.2/78.8 B81.8/824
Method | bucket0 bucketl cap() cap3 capd cap$ cupl cupl eraser() headset( headsetl
IMRNet 58.0/585 77.1/774 T3T/T715  T715/70.6  652/753 65.2/742 64.3/643 T57/688 548/548 T2.0/705 67.6/47.6
R3D-AD 68.3/ 7561 822/ T30/ 68.1/ 67.0/ 1761 7571 89.0/ 738/ 795/
PO3AD 85.3/755 787/899 877/957 859/948 792/940 67.0/864 87.1/909 833/932 995/974 B08/823 092.3/90.7
BTF(RAW) 61.7/61.7 32.1/686 66.8/524 3527/687 468/469 373/373 4037632 52.1/56.1 525/637 37.8/578 51.5/475
BTF(FPFH) 40.1/40.1  633/633 61.8/73.0 522/658 52.0/524 586/586 586/79.0 61.0/619 T19/719 52.0/620 49.0/59.1
M3DM 309/698 50.1/699 557/53.1 423/605 777/71.8 63.9/655 539/71.5 556/556 627/71.0 57.7/58.1 61.7/585

PatchCore(FPFH) | 46.9/459 55.1/57.1 58.0/47.2 453/653 757/595 79.0/79.5 60.0/65.5 58.6/59.6 657/81.0 583/583 63.7/4604
PatchCore(PMAE) | 59.3/58.6 56.1/574 589/544 47.6/488 727/725 53.8/545 61.0/51.0 556/856 67.7/378 59.1/575 62.7/423

CPMF 48.2/486 60.1/60.1 60.1/60.1 55.1/55.1 553/553 69.7/55.1 49.7/49.7 499/509 689/689 643/699 458/458
Reg3D-AD 6LO/6LY  752/752 693/632 725/71L8 643/8L5 4677467 5L0/685 S538/698 343/755 537/580 6L0/626
ISMP /524 /67.2 /86.5 1734 /1753 167.8 /869 /600 /70.6 /58.0 /70.2
Ours 81.3/61.0 902/855 659/86.1 863/945 68.1/86.4 902/97.0 733/798 933/88.1 100./98.0 100./94.6 84.3/97.0
Method | helmet0 helmet1 helmet2 helmet3 jar0 phone shelf0 tap0 tapl vase wvasel
IMRNet 59.7/598 600/604 64.1/644 573/663 7T80/765 755/742 60.3/60.5 67.6/681 696/699 533/535 T57/685
R3D-AD T8I 720/ 63.3/ 0.7/ 83.8/ 762/ 69.6 f 736/ 90.0/ T8.8/ 729/
PO3AD T6.2/BT8 9617948 869/932 T54/84.6 86.6/87.1 TI6/81.0 57.3/66.3 7T45/783 681/692 B858/955 T42/882
BTF(RAW) 553/504 349/449 60.2/605 52.6/70.0 420/423 563/583 164/464 525/527 573/564 53.1/61.8 549/549
BTF(FPFH) STU/5T5 7197749 5427643 4447724 4247427 67.1/67.5 60.9/61.9 560/568 546/596 342/642 219/619
M3DM 52.6/599 4277427 623/623 374/655 44.1/541 357/358 5647554 T754/654 T39/712 423/608 42.7/60.2

PatchCore(FPFH) | 54.6/548 484/489 425/455 404/737 472/478 388/488 494/613 753/733 766/76.8 455/655 42.3/453
PatchCore(PMAE) | 55.6/58.0 552/562 447/65.1 424/61.5 483/48.7 488/88.6 523/543 458/858 538/54.1 44.7/67.7 5527551

CPMF 55.5/555 589/542 46.2/51.5 52.0/520 61.0/61.1 509/545 6B5/783 359/458 697/657 451/458 34.5/48.6
RegiD-AD 60.0/60.0 38.1/624 614/825 367/62.0 59.2/599 41.4/599 068.8/68.8 67.6/589 64.1/74.1 533/548 70.2/60.2
ISMP /683 /1622 /844 1722 /823 166.1 168.7 1522 /552 166.1 1843
Qurs 81.7/925 986/906 875/89.1 87.6/956 100./982 100./99.2 57.7/632 948/918 B04/869 99.6/98.0 60.5/70.5
Method | wvasel vase3 vased vaseS vase7 vase8 vased | Average

IMRNet 6L.4/61.4 700/40.1 524/524 67.6/682 635/593 63.0/63.5 59.4/69.1 66.1/65.0

R3D-AD 7524 7421/ 63.0/ YENE) T7.1/ 7214 T8/ 749/

PO3AD 95.2/97.8 82.1/884 67.5/902 852/937 96.6/982 7T39/950 B83.0/952 83.9/89.8

BTF(RAW) 41.0/403 TL.7/602 425/61.3 585/585 448/578 4247550 56.4/564 49.3/55.0

BTF(FPFH) 54.6/64.6 699/699 51.0/71.0 409/429 51.8/540 668/066.2 20.8/56.8 52.8/62.8

M3DM T3.7/737 439/658 47.6/655 31.7/642 657/51.7 6637551 66.3/66.3 55.2/61.6

PatchCore(FPFH) | 72.1/72.1 449/430 50.6/50.5 41.7/447 693/693 66.2/57.5 66.0/66.3 56.8/58.0

PatchCore(PMAE) | 74.1/742 46.0/465 51.6/523 57.9/572 650/651 663/364 62.9/42.3 56.2/57.7

CPMF 58.2/582 582/582 514/514 618/651 39.7/504 529/529 60.9/54.5 55.9/573

Reg3D-AD 60.5/405 65.0/51.1 50.0/755 52.0/624 46.2/88.1 62.0/8L1 59.4/69.4 57.2/66.8

ISMP /733 /1762 /545 1472 /70.1 /85.1 /61.5 /69.1

Ours 100. /997 845/844 81.8/927 100./879 643/863 81.8/934 873/97.1 86.1/88.2

10



Jd d\N\=={ |
=
LT EEEER T¥LY

CTECEPPOOVLY ”.0““
ve000000 «a®POdo
asbbaosaan "o, r

°e2900e0
OV000O,, LA B NV

)roe) ) oL QO XK
ppocfldoe QXX

Qualitative results of localization on the Anomaly-Shapenet dataset. Qualitative results of localization on the Real3D-AD dataset.
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