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Background

Generalized Few-shot Object Detection

The detection prediction for base classes (Car) and novel classes (elephant) should be naturally

considered.
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Learning features with discriminative geometry is important to detect all classes.
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Background

Few-shot Learning

Given a base dataset to pre-train a feature extractor/detector, the learned model is adapted to

new unseen classes with very limited training data.

Base set Few-shot task
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Partner-Assisted Learning for Few-Shot Image Classification [ICCV’21]




Background

Generalized Few-shot Object Detection

For object detection, as an image may contain instances of both base (car) classes and novel

(elephant) classes, the detection prediction on all classes should be naturally considered.
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Rethinking Conventional Training Framework

(Pairwise Matching) Conventional meta-learning-based approaches focus on alignment between

the test image and the limited training data. However, such training strategy is not efficient and

significantly hurt the based detection.
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Few-Shot Object Detection with Fully Cross-Transformer [CVPR’22]
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Rethinking Conventional Training Framework

(Two-Stage Finetuning) To adapt to new dataset, the Transfer Learning approaches finetune the
pre-trained base detector on a balanced dataset, but suffer from base forgetting. Setting different

classifiers for base and novel classes still hurt the adaptation efficiency.
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Frustratingly Simple Few-Shot Object Detection [ICML20]



Though suffering from base forgetting, building a balanced dataset among all classes (base +

novel) is essential to learn a well-separated classifier for object detection.

(b) Balanced (D, U D,,)

(a) Full set (Dy, U Dy,) (c) Novel-Only (Dy,)
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DiGeo: Discriminative Geometry-Aware Learning for Generalized Few-Shot Object Detection [CVPR’23]
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The instance-center similarity on the few-shot classes is not even properly converged
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Approach

Discriminative Geometry-Aware Learning

Inter-class separation: Use Simplex ETF as a fixed classifier for all classes during training.

(e) Simplex ETF (Offline)

Prevalence of neural collapse during the terminal phase of deep learning training [PNAS] a5 OLUMBIA | ENGINEERING
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Do We Need Neural Collapse? Learning Diverse Features for Fine-grained and Long-tail Classification [Arxiv] o



Approach

Discriminative Geometry-Aware Learning

Inter-class separation: Use Simplex ETF as a fixed classifier for all classes during training.

Intra-class compactness: Apply class-specific margins to push features close to the class centers.

-. # training
Up-sampling .
jammmeccca. jammme- 2_)_ -F\ - shot shot
\ 1 | |} .
: E : n E .. Few-shot
| b H : B 1.0
: I : I B
. b - E
== D__;_I' e a l' -. 0.6
L __A Lz w/ learnable margin -
Up-sampling -
— 0.4
Proposal Proposal Feature -
P P Classifier N
Generator Extractor | -0.2

&5 COLUMBIA | ENGINEERING

7 v The Fu Foundation School of Engineering and Applied Science

DiGeo: Discriminative Geometry-Aware Learning for Generalized Few-Shot Object Detection [CVPR’23]




Experimental Study

Our one-stage approach (self-distillation applied) can improve the detection precision on all

classes.
split 1 split 2 split 3
Approach 1 2 3 5 101 2 3 5 10|1 2 3 5 10|
Meta-Learning Approaches
Meta RCNN [59]* 175 305 362 493 556|194 332 348 444 539|203 30 412 48.0 55.1 | 38.0
FSRW [39] 535 502 553 560 595|551 542 552 575 589|542 535 547 586 576 | 55.6
FsDetView [58]* 364 403 40.1 500 553|363 437 416 458 541 |37.0 395 40.7 507 548 | 444
Transfer-Learning Approaches
TFA w/ fc [55] 69.3 669 703 734 732|647 663 677 683 68.7 | 67.8 689 708 723 722 | 69.5
TFA w/ cos [55] 69.7 682 705 734 728 | 655 650 677 680 686|679 686 710 725 724 | 69.5
FRCN-ft-full [59]* 554 57.1 568 60.1 609 | 50.1 53.7 536 559 555|585 591 587 618 608 | 572
MPSR [57] 56.8 604 628 66.1 690 | 53.1 576 628 642 663|552 598 627 669 67.7 | 62.1
Retentive R-CNN [6]T | 71.3 723 72.1 740 746 | 66.8 684 702 707 715 |69.0 709 723 739 74.1 | 715
DiGeo (Ours) 69.7 706 724 754 761 | 675 684 714 716 736 | 686 709 729 744 75.0 | 719

*: results reported by Retentive R-CNN [6] and TFA [ 7].7: Model ensembling.

DiGeo: Discriminative Geometry-Aware Learning for Generalized Few-Shot Object Detection [CVPR’23]
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Experimental Study

Our approach significantly improve the adaptation efficiency when more training data is available

under the few-shot setup.

split 1 split 2 split 3
Approach 1 2 3 5 1w0l|l1 2 3 s 1w0l|1 2 3 5 10|
FRCN-f-full [59]° | 152 203 29 255 287 | 13.4 206 286 324 388 | 196 208 287 422 421 | 27.1
TEA w/ fc [55] 368 29.1 436 557 57 | 182 29 334 355 390 | 277 33.6 425 487 502 | 387
TFA w/ cos [55] 398 361 447 557 56 | 235 269 341 351 39.1 | 308 348 428 495 498 | 39.9
MPSR [57] 428 436 484 553 612 | 298 281 416 432 470 | 359 400 437 489 513 | 44.0
Meta RCNN [59]* | 168 20.1 203 382 437 | 77 120 149 219 311 | 92 139 262 292 362 | 228
FSRW [39] 148 155 267 339 472|157 153 227 301 392|192 217 257 406 413|273
FsDetView [58]° 254 204 374 361 423|229 217 226 256 292|324 190 298 332 398 | 292
Retentive R-CNN [6] | 424 458 459 537 56.1 | 21.7 278 352 370 403 | 302 37.6 430 497 50.1 | 41.1
Prior 358 379 457 564 610 | 227 284 398 414 488 | 308 364 454 524 53.8 | 424
DiGeo 379 394 485 58.6 615|266 289 419 421 491 | 304 40.1 469 527 547 | 44.0

*: results reported by Retentive R-CNN [6] and TFA [55].7: Model ensembling. Full tables can be found in Supp.

DiGeo: Discriminative Geometry-Aware Learning for Generalized Few-Shot Object Detection [CVPR’23]
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https://github.com/Phoenix-V/DiGeo

