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[1] Zhou, Jinghao, et al. "ibot: Image bert pre-training with online tokenizer." arXiv preprint arXiv:2111.07832 (2021).
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Blockwise Mask

0 High mask ratio leads to the loss of key semantics in multi-object images

— Limited learning efficiency for accessing dense-level patterns

[1] Zhou, Jinghao, et al. "ibot: Image bert pre-training with online tokenizer." arXiv preprint arXiv:2111.07832 (2021).
[2] Oquab, Maxime, et al. "Dinov2: Learning robust visual features without supervision." arXiv preprint arXiv:2304.07193 (2023).



Background

fq:, \dls!ill
d Tok. |ii

1 » Self-supervised Learning based on Masked Image Modelling progresses
B [i] significantly in processing dense-level vision information

LN
)
<
—
(=

- |

iBOT [1]

— DINO v2 [2] applies the MIM objective of IBOT as dense-level supervision

Blockwise Mask

» Strong augmentations lead to coupling shortcut in Dense SSL

[1] Zhou, Jinghao, et al. "ibot: Image bert pre-training with online tokenizer." arXiv preprint arXiv:2111.07832 (2021).
[2] Oquab, Maxime, et al. "Dinov2: Learning robust visual features without supervision." arXiv preprint arXiv:2304.07193 (2023).



Coupling Issue in Dense SSL

Visualization examples of pre-trained models taking coupling shortcut :

PLRC [3] iBOT [1]

* We show the visualization examples following [2], the query point-level feature is
marked by the red dot

[3] Bai, Yutong, et al. "Point-level region contrast for object detection pre-training." Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition. 2022.



Coupling Issue in Dense SSL

Visualization examples of pre-trained models taking coupling shortcut :

PLRC [3] iBOT [1]

® Dense-level representations are heavily entangled
with their surroundings

* We show the visualization examples following [2], the query point-level feature is
marked by the red dot

[3] Bai, Yutong, et al. "Point-level region contrast for object detection pre-training." Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition. 2022.



Coupling Issue in Dense SSL
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(c) Shared information leaked from the context becomes shortcut for alignment
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Empirical Study of Coupling

L1 A pipeline for quantitatively measuring coupling in pre-trained models
Augmentation
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Empirical Study of Coupling

L1 A pipeline for quantitatively measuring coupling in pre-trained models
Augmentation
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Empirical Study of Coupling

A pipeline for quantitatively measuring coupling in pre-trained models

Coupling Rate

(a) CR value on CNNs (b) CR value on ViTs

21

Q
1.8 PLRC 'lc-u‘ =@=—iBOT
=@ DenseCL o -@® - :_BOT'D
— (@)] === Leopart
1.5 ’—',J & -DenseCL-D E & -Loopart-D
__——“." SoCo Q MaskAlign
10 SoCo-D g ! MaskAlign-D
=@— MoCo-V2 & =8-DINO
r e —=C _+
0.9 :
0% 25% 50% 75% 0% 25% 50% 75%
Mask Ratio

Reduction Ratio
* .D’ denotes models pre-trained with the de-coupling branch

T Biased similarity when information leaks from B

max (E — Q(ZAZ, ZB), e)

Coupling Rate (CR) = -
max (E —0( ), e) The true correlation between two objects



De-coupling Dense-level SSL

O A generalizable de-coupling strategy for dense-level SSL

—: RCC []] :Encoder —»: Feature Extraction —3 : Dense SSL Loss — : De-coupling Loss
Mask-based Dense SSL
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A. RCC-based Augmentation Pipeline B. De-coupling Branch



De-coupling Dense-level SSL

O A generalizable de-coupling strategy for dense-level SSL

—: RCC []] :Encoder —»: Feature Extraction —3 : Dense SSL Loss — : De-coupling Loss
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De-coupling Dense-level SSL

OA

de-coupling strategy for dense-level SSL

—: RCC D] : Encoder : Feature Extraction —3 : Dense SSL Loss — : De-coupling Loss
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Experiments

(a) CNN-based models (ResNet50) (c) Affinity visualization

VOC Det. COCO Det. COCO ISeg. iBOT iBOT-D MaskAlign MaskAlign-D
AP A P_',( ) A P';'.', AP A P",, ) A P';'_’, AP A Pf,| ) .'\P';' (]

Method

MoCo' v2 546 810 604 378 574 410 329 541 352
ReSim'! 566 81.7 635 383 578 414 335 544 356
DenseCL 567 81.7 630 385 58.1 415 336 548 357
DenseCL-D 572 822 637 393 587 426 342 557 365
PLRC 57.1 821 63.8 398 3596 437 359 569 386
SoCo' 568 81.7 635 385 579 415 334 546 354
SoCo-D 578 825 644 403 60.1 440 351 569 376

(b) ViT-based models (ViT-S)

Nisdiod COCO Det. COCO ISeg. ADE Seg.
AP AP50 AP75 AP APS() AP75 mloU
iBOT 423 612 456 370 583 394 39.9

iBOT-D 45.1 643 487 39.1 61.2 41.7 41.6

MaskAlign 456 652 497 396 620 424 43.7
MaskAlign-D 46.7 66.4 505 40.5 63.2 435 44.3




Experiments

(a) CNN-based models (ResNet50) (c) Affinity visualization

VOC Det. COCO Det. COCO ISeg. iBOT iBOT-D MaskAlign MaskAlign-D
AP A P_’,l ) A P';'.', AP A P_',, ) A P';'_’, AP A Pf,| ) f\P';' h

Method

MoCo! v2 546 810 604 378 574 410 329 541 352
ReSim! 566 817 635 383 578 414 335 544 356
DenseCL 567 817 630 385 581 415 336 548 357
DenseCL-D 572 822 637 393 587 426 342 557 365
PLRC 57.1 821 63.8 398 596 437 359 569 386
SoCo' 56.8 817 635 385 579 415 334 546 354
SoCo-D 578 825 644 403 60.1 440 351 569 376

(b) ViT-based models (ViT-S)

Nisdiod COCO Det. COCO ISeg. ADE Seg.
AP AP50 AP75 AP AP5() AP75 mloU
iBOT 423 612 456 370 583 394 39.9

iBOT-D 45.1 64.3 48.7 39.1 61.2 41.7 41.6
MaskAlign 456 652 497 396 620 424 43.7
MaskAlign-D 46.7 66.4 50.5 40.5 63.2 435 44.3

Models with the de-coupling strategy

® |earns dense semantics more efficiently and achieves better dense prediction performance



Experiments

(a) CNN-based models (ResNet50) (c) Affinity visualization
Method VOC Det. COCO Det. COCO ISeg. iBOT iBOT-D MaskAlign MaskAlign-D
vie
AP A P_’,l ) A P';'.', AP A P_',, ) A P';'_’, AP A Pf,| ) f\P';' h
MoCo' v2 546 810 604 378 574 410 329 541 352
ReSim! 566 817 635 383 578 414 335 544 356

DenseCL 567 817 630 385 581 415 336 548 357
DenseCL-D 57.2 822 637 393 587 426 342 557 365
PLRC 57.1 821 63.8 398 596 437 359 569 386
SoCo' 56.8 817 635 385 579 415 334 546 354
SoCo-D 578 825 644 403 60.1 440 351 569 376

(b) ViT-based models (ViT-S)

Nisdiod COCO Det. COCO ISeg. ADE Seg.
AP AP50 AP75 AP AP5() AP75 mloU
iBOT 423 612 456 370 583 394 39.9

iBOT-D 45.1 643 487 39.1 61.2 41.7 41.6

MaskAlign 456 652 497 396 620 424 43.7
MaskAlign-D 46.7 66.4 505 40.5 63.2 435 44.3

Models with the de-coupling strategy

® |earns dense semantics more efficiently and achieves better dense prediction performance

® acquires dense-level representations with higher consistency with the object regions
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