MITSUBISHI

-~

HESER Memory-Bounded Continuation of Greedy =
| | | EL
MITSUBISHI ELECTRIC Sampling for Continual Anomaly Detection i

Yoon Gyo Jung*!, Jaewoo Park*?, Kuan-Chuan Peng3,
Seongdeok Bang?, and Octavia Camps!

INortheastern University 2 AIVEX
3Mitsubishi Electric Research Laboratories

Introduction

Q) What does anomaly detection need from memory?
A) A compact yet representative summary of normal data. Greedy

sampling builds exactly that coreset.

. . H(O, MT) < &, + max
Q) What breaks when tasks arrive sequentially? 1<k<T
A) Greedy sampling extends naively only with unbounded memory — the
coreset grows with the task count T. Prior CAD methods break on complex

multi-class tasks (DNE, UCAD) or forget on long schedules (IUF, CDAD).

The greedy-continued coreset stays within a bounded gap of the oracle
coreset — greedy sampling run over all task data at once. Error
accumulates per task but does not compound catastrophically. Table 7
confirms the bound empirically for 2 = T = 10.

Q) Can a bounded coreset match an unbounded one?

A) Yes. Continued greedy sampling — greedy selection over previously
greedy-sampled sets — preserves representativeness under a fixed

b

H(O, Mr) & maxj<i<r (ek +ZJT-:k§j) Right hand side of Eq. (6)

budget, degrading gracefully instead of catastrophically. > 487 228 437 665
3 4.72 2.22 5.99 8.21
4 4.59 2.13 7.54 9.67
5 4.50 2.04 9.02 11.06
6 4.44 2.08 10.66 12.74
7 4.35 2.08 12.27 14.35
8 4.35 2.21 13.95 16.16
9 4.31 2.07 15.22 17.29
10 4.36 2.19 16.85 19.04

Empirical tightness of the bound of Eq. (6) on MV TecAD.

Contributions

 Continued greedy sampling preserves representativeness under strict . _
memory limits, enabling continual AD without unbounded memory Setup. MVTecA.D and VISA.OVGI’ 11 continual task schedules, plus Cross-
growth. dataset and online CAD. WideResNet50 (layers 2-3), p = 0.01, coreset size
. o) o 9 _ 9 i m = 20k / 40k, one RTX 3090. We report task-average image / pixel
eoretical guarantee: the greedy-continued coreset stays within a AUROC (1) and forgetting measure FM (4).
bounded gap of the oracle coreset.
. Method 1 x 15 with 15 Steps 3 x 5 with 5 Steps 10 -1 x 5 with 6 Steps 10 — 5 with 2 Steps 14 - 1 with 2 Steps
e ContCore reaches SOTA on 11 task schedules over MVTecAD and ViIsA, e AUROC (1) FM () AUROC (1) FM(]) AUROC (1) FM()) AUROC (1) FM(|) AUROC (1) FM (})
plus cross-dataset transfer. UnAD A EWC me g [T /- e 796/890 9.5/101 896/938 S4/36 905/936 73/43 928/954 41/15
UniAD+SIpMLR’17 [Ea] -/- -/- 81.9/88.5 7.0/10.8 77.2/81.6 20.2/18.2 84.1/88.3 20.2/17.0 85.7/89.5 18.4/13.4
* Robust in online continual AD, where prior methods degrade UMAD + LVT e ] /- /- 804/886 86/106 752/853 191/16.1 ST.1/506 141/123 8047360 29.1/206
significantly. UCAD e I 93,0783 10/-06 8487901 103/92 912/940 63/30 887/93.1 53737 9381957 18/03
IUF gcevoa (] 71.8/79.2 5.1/6.6 84.2/91.1 100/84 942/951 32/10 922/944 93/43 96.0/963 1.0/0.6
CDAD cvpr2s [A] 76.0/89.8 10.2/5.7 89.1/922 3.7/47 949/957 1.0/0.7 942/953 21/24 96.4/96.6 -0.6/-0.04
ContCore (ours) 98.8/974 0.1/02 98.2/969 0.6/05 989/964 05/05 97.7/96.6 05/05 983/97.3 0.0/0.1

Best on every MVTecAD schedule, with near-zero forgetting.

1 x 12 with 12 Steps 8 — 1 x 4 with 5 Stepss 8 — 4 with 2 Steps 11 - 1 with 2 Steps

Method
N AUROC () FM () AUROC(f) FM() AUROC(}) FM() AUROC () FM ()
= UniAD newrps22 [EX]  63.9/-  297/-  722/908  16.6/9.2  78.1/940 147/84 750/792.1 22.4/11.4
Greedy sampling on a base set UniAD + EWC paas'17 (O] /- /- 723/923  165/73  80.5/954 10.0/53 787/954  14.9/48
UniAD + ST pyit 17 [E2] /- /- 69.8/885 198/120 69.8/88.5 92/83  78.1/920 169/115
- - - - UniAD + MAS pceveis [0] /- /- 721/906 167/94  72.1/90.6 14.1/84 754/91.8 21.5/11.9
Greedy sampling collects points maximally distant from those already UniAD + IVT copens [60] - /- - 708/944  183/84  7T08/914 134781 77.5/923  17.3/109
selected. We extend it with a base set B, so distance is measured against DNE (VIT-B/16) acwvw2 3] 552/~ 14/ S86/-  102/- 641/~ 61/-  688/- 19/
UCAD (ViT+SAM) aaaros [E0]  78.1/769  0.0/0.6 78.8/93.5 104/54 799/942 89/48 859/945  27/0.6
both the Samp|ed set and B: IUF (EfficientNet) gecyas (3] 64.7/83.6  3.9/50  798/950  9.8/68  80.1/954 98/68 87.3/97.6  2.4/18
CDAD (SDv1.5) cypros [Ed]  78.5/97.3 111760 834/958  3.8/15  853/97.1  14/03 883/972 -13/-0.1
ContCore (ours) (WRNS0)  93.7/972  07/0.6 963/97.2  0.7/05 938/965 12/08 961/97.7  04/-0.0

Gn(Z;B)={z; € Z:z; =argmaxd(z,Z; (UB)}
€2

The same holds on VisA across 4 task schedules.

Schedule 1 x 15

B Is arbitrary, and B = @ recovers the original — this is what lets greedy S 50
sampling generalize across tasks. 2 4 s
(_EU 70 CDAD I;ON];} UCAD 11)552 UCAD
Greedy-continued coreset e | =
s NUSmbe7r of%Iaslsles = 15 AUROC 1 (1x15) GFLOPs | Train Time (S) |
At task t, ContCore updates the fixed-size memory in two steps: TSV 2, - 3 VLD b SN
Mt — gm(gnt (Zt’ Mt_l) UMt_1)7 §60 \/ - b 2::: ?;rf
s e Sk T £
 Greedy expansion samples new-task features that are maximally  Rumber of Classes. AUROET(10M1x5) Frarame. ier Time (ms)
distant from the current coreset. ContCore stays flat as classes accumulate, and wins on compute and time.
 Greedy consolidation keeps m maximally separated features of the . .
combined set, enforcing the fixed memory budget. Ablation & AnaIyS|s
 In practice, consolidation is approximated by nearest-neighbour 0o e o . S S R “ B
ranking: the fraction g of embeddings with the largest NN distance is Lo ,ﬁ*: P e e e S £
. . . . o —a— P-AUROC |° @) ol Lixﬁ%cc > 2 > 21000
kept directly, halving sampling time. St Tl S ThmrLE gn e 5 o
] . . 85.0 " \\\\ . 2 X . : :)—:UUI;%% ................... 135% £ jzz
* At inference, ContCore follows PatchCore — a patch is scored by its T I e I [y E e s e e
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distance to the coreset, so nothing is ever re-trained.

(a) Coreset size m (b) Sampling ratio p (c) Approx. ratio q (d) Sampling time

. Plateaus past m = 20Kk, insensitive to p, no loss up to g = 0.75.
O ® @ ® - - .
. : o ° o o o . o ° Sampling Overlapping Average Minimum Sliced Wasserstein Hausdorff
- - . e/ 00 Cce |m| 060 ® o m| g0 ® o = o Method Samples (1) Distance (|) Distance (|)  Distance ()
o "o o O o o © & o © ® o © °
° o o e =° o _° . Random 356 1.17 0.0260 2.55
Task Ti_1 MGS 3933 1.04 0.0014 1.93
3 ContCore’s coreset lands closer to the PatchCore oracle than random sampling.
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extractor .0 : . .. o . .0 é . '0 ° . | .
N 6c0) % o0evo) \® ee o) (* oce0 o) |* o o * ContCore keeps a greedy-continued coreset under a fixed memory
Task 7; Current coreset M;_, ® Greedy expansion Gy, Greedy consolidation Gm Greedy-continued bUdget, No matter hOW many taSkS arrive.
New task features 2t add O features remove Ofeatures coreset M, ®
* SOTA on 11 task schedules, cross-dataset transfer and online CAD — at

Expansion adds the most distant new-task features (green); consolidation drops the redundant

ones (red) to hold the memory budget. 9.24 GFLOPs and 754 s of training.
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