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Introduction

We introduce the salient point concept into query-based
Transformer detectors by assigning query-specific reference
points to object queries. Unlike center-based methods with the
confused central spatial prior, we restrict the reference location
and define the point of the positive query as the salient one, hence
enlarging the discrepancy of query as well as reducing the
redundant predictions. SAP-DETR accelerates the convergency
speed greatly, achieving competitive performance with ~30%
fewer training epochs. The proposed movable strategy further
boosts SAP-DETR to a new SoTA performance.
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Method Spatial Prior Reference Coordinate Target Prediction Cross-Attn. Reference Prior Update Discriminative PE
DETR No No [cx, ey, w, h) Standard v
Deformable DETR Implicit 4D [dex, dey,w, h) Deformable Points v
SMCA-DETR Implicit 4D [Acz, Acy, w, h] Gaussian Points
Conditional DETR Implicit 2D [Acx, Acy, w, h) Conditional
Anchor DETR Explicit 2D [Acz, Acy, w, h] Standard v
DAB-DETR Explicit 4D [Acx, Acy, Aw, Ah] Conditional v
SAM-DETR-w/SMCA Explicit 4D [Acx, Acy, Aw, Ah] Gaussian Points v
SAP-DETR (Ours) Explicit 2D+4D [Ax, Ay, Al, At, Ar, Ab]  Conditional Side v v
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Method #Epochs #Params(M) GFLOPs AP APsg AP75 APg APpm APy
3-Layer Encoder-Decoder Transformer Neck with ResNet-50 Backbone

DETR-R50 [2] 36 33 82 15.8 28.0 15.4 5.3 16.7 24.6
Deformable DETR-R50 [ 1] 36 30 77 37.1 57.6 394 18.3 40.8 51.6
SMCA-DETR-R50 [5] 12/36 - - 28.8/37.7 48.1/58.7 29.9/40.1 13.8/19.4 31.3/40.5 41.3/548
Conditional DETR-R50 [ 16] 12/36 40 82 29.6/37.1 48.7/57.9 30.7/39.0 13.0/17.6 32.3/40.3 43.1/55.0
Anchor DETR-R50 [25] 12/36 31 79 30.8/37.6 51.1/58.7 31.8/39.7 14.3/18.8 34.1/41.5 44.3/53.5
DAB-DETR-R50 [ ! 3] 12/36 34 83 32.3/39.0 51.3/58.6 34.0/41.8 15.7/20.0 35.2/42.5 45.7/56.0
SAM-DETR-w/SMCA-R50 [26] 12/36 41 89 35.1/404 54.7/60.7 36.7/42.7 16.0/20.2 38.4/44.4 52.1/58.3
SAP-DETR-R50 (Ours) 12/36 36 84 36.2/41.2 56.2/61.6 37.9/43.4 16.4/21.0 39.5/44.5 53.8/60.1
6-Layer Encoder-Decoder Transformer Neck with ResNet-50 Backbone

DETR-R50 [ 7] 36 42 89 14.0 24.4 14.0 4.2 13.7 22.5
Deformable DETR-R50 [ 1] 36 34 81 38.0 58.2 40.4 18.5 41.7 54.2
SMCA-DETR-R50 [5] 12/36 - - 32.4/40.1 523/61.4 34.0/42.8 155/20.3 34.9/43.3 47.7/57.1
Conditional DETR-R50 [ 16] 12/36 44 90 33.1/40.2 53.0/61.0 34.8/424 145/199 359/43.5 49.2/58.8
Anchor DETR-R50 [25] 12/36 37 85 33.7/39.7 545/60.5 35.1/419 15.6/199 37.3/43.5 49.8/57.3
DAB-DETR-R50 [ ! 3] 12/36 44 92 349/41.0 555/61.7 36.4/43.4 16.2/21.3 38.4/44.7 51.5/589
SAM-DETR-w/SMCA-R50 [26] 12736 59 105  36.2/40.9 572/62.2 37.4/43.1 16.1/20.1 39.8/44.7 55.3/60.7
SAP-DETR-R50 (Ours) 12/36 47 94 37.5/42.2 58.5/62.7 39.2/44.6 17.3/22.6 40.6/45.7 55.4/60.8

Table 1. Comparison between Transformer necks. Based on ResNet-50 backbone, all models are trained by the official source codes with
their original settings and evaluated on COCO va12017. All models uses 400 queries except Anchor DETR, while Anchor DETR uses 200

queries with 2 pattern embeddings. GFLOPs and Params are measured by Detectron2'.
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Method #Epochs  #Params(M) GFLOPs AP APsy AP, APy APy AP.  Infer. Time(siimg)‘L
ResNet-50 Backbone

Faster RCNN-FPN-R50 [ 10, 1¥] 108 42 180 42.0 62.1 455 266 455 534 0.039
DETR-R50 [2] 500 41 86 42.0 624 442 205 458 61.1 0.040
Deformable DETR-R50 [31] 50 34 78 394 596 423 206 43.0 555 0.043
SMCA-DETR-R50 [5] 50 42 86 41.0 - - 219 443 59.1 0.045
Conditional DETR-R50 [16] 50 44 90 409 o61.8 433 208 446 59.2 0.057
Anchor DETR-R50 [25] 50 39 85 421 63.1 449 223 46.2 600 0.050
DAB-DETR-R50 [ 7] 50 44 90t 422 631 447 215 457 603 0.059
SAM-DETR-w/SMCA-R50 [20] 50 58 100 41.8 632 439 221 459 609 0.065
SAP-DETR-R50 (Ours) 50 47 92 431 638 454 229 471 621 0.063
ResNet-101 Backbone

Faster RCNN-FPN-R101 [10, 1 ¥] 108 60 246 440 639 478 272 481 560 0.050
DETR-R101 [2] 500 60 152 435 638 464 219 480 618 0.066
Conditional DETR-R101 [16] 50 63 156 428 637 460 21.7 46.6 609 0.070
Anchor DETR-R101 [25] 50 58 150 435 643 46,6 232 477 614 0.068
DAB-DETR-R101 [17] 50 63 1571 435 639 46,6 236 473 615 0.072
SAP-DETR-R101 (Ours) 50 67 158 4.4 649 471 241 48,7 63.1 0.078
DC5-ResNet-50 Backbone

DETR-DC5-R50 [2] 500 41 187 433 63.1 459 225 473 61.1 0.087
Conditional DETR-DCS5-R50 [10] 50 44 195 43.8 644 467 240 476 60.7 0.093
Anchor DETR-DC5-R50 [25] 50 39 151 442 647 475 247 482 606 0.069
DAB-DETR-DC5-R50 [13] 50 44 194f 445 651 477 253 482 623 0.094
SAM-DETR-w/SMCA-DC5-R50 [20] 50 58 210 45.0 654 479 262 490 633 0.126
SAP-DETR-DC5-R50 (Ours) 50 47 197 46.0 655 489 264 50.2 626 0.116
DC5-ResNet-101 Backbone

DETR-DC5-R101 [2] 500 60 253 449 647 477 237 495 623 0.101
Conditional DETR-DC5-R101 [16] 50 63 262 45.0 656 484 26.1 489 0628 0.105
Anchor DETR-DC5-R101 [25] 50 58 227 45.1 657 488 258 494 616 0.083
DAB-DETR-DC5-R101 [13] 50 63 263f 458 659 493 270 498 638 0.110
SAP-DETR-DC5-R101 (Ours) 50 67 266 469 667 305 279 513 643 0.130

Table 2. Comparison of Transformer necks with 300 querics on COCO val2017. All results are reported from their original paper. All
models uses 300 queries except Anchor DETR, while Anchor DETR uses 100 queries with 3 pattern embeddings. All inference speeds are
measured by a single Nvidia A100 GPU. T denotes the results are measured by ourselves.
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Backbone Epoch w/SAP DN-DETR [Y] DINO (Single-Scale) [ 2%] Group DETR [1]

AP/ APsy / APs  APs [ APy 1 AP AP/ APso / AP35 APs/ APy /AP, AP/ APsy F APys AP/ APy /AP
R50 12 38.3/58.6/40.5 184/741.6/757.1 39775837424 19.1/43.7/57.1 0r - 7 - 19774257568
V(Ours) 395/59.7/41.5 18.7/42.8/59.0 40,0 /f60.1 /421 20.2/434/585 3J9.8/60.2/42.0 20.2/43.5/58.6

R101 12 40.5/60.8/43.0 193/7443/59.6 419/608/444 225/463759.5 -l - - -l -7 -

Vi{Ours) 41.0/61.2/434 198/45.3/60.0 41.5/61.4/43.6 203/452/60.0 41.1/61.5/43.4 20.5/455/59
R50-DC 12 41.776147441  21.2745.0/60.2 436/61.4/47.0 248/473759.5 419/ - | - 233/456/584
V(Ours) 43.6/62.5/46.2 23.3/47.3/61.0 44.0/63.1/465 248/473/61.1 439/63.2/46.8 24.5/47.6/61.3

R101-DC 12 434/619/472 248/46.8/594 454/63.5/492 264/495/61.1 -/ -1 - r - r -

Vi{Ours) 44.6/63.9/48.0 255/48.9/62.5 45.6 /64.5/48.7 25.0/49.7/62.5 44.4/639/474 259/48.5/61

Table 3. Comparison with denoised methods on COCQO dataset based on the 12-epoch training schedule and 300 object queries.
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Comment Movable Inner Loss PECA SDG AP APs; AP AP APy AP
SAP-DETR (Ours) v v v v 36.2 56.2 37.9 16.4 39.5 53.8
—SDG v v v 35.6 56.2 369 16.3 38.9 52.7
—PECA v v v 348 55.5 36.0 15.7 373 52.0
—PECA & SDG v v 34.0 549 353 15.0 36.7 51.5
—Movable v v v 35.2 554 36.8 15.8 38.5 53.8
—Inner Loss v v v 359 56.3 374 16.2 393 52.5
DAB-DETR (Baseline) - - - - 323 513 34.0 15.7 35.2 457
+Salient Point Concept - - - - 335 54.3 35.1 14.3 36.5 51.0
Table 4. Ablation on each components

Inner Cost (Lipner) Movable within Grid (s.0) AP APs APy AP PECA  Scaling Factorof SDG AP APy APy AP

35.9 17.0 38.8 52.7 33.6 147 360 507

v 26.3 11.3 28.0 39.5 v 357 17.5 388 526

v v 36.2 16.4 39.5 53.8 v v 36.2 164 395 538

Table 5. Ablation on scaling factor of grid
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Table 6. Ablation on scaling factor of SDG
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Figure 10. Movable point update for COCO validation image #3255.
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Figure 11. Movable point update for COCO validation image #14473.
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(a) Ground Truth of COCO validation image #785
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(b) DAB-DETR for COCO validation image #785
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(¢) SAP-DETR for COCO validation image #785




JUNE 18-22, 2023

© Visualization

il

I N
VANCOUVER, CANADA

(a) Ground Truth of COCO validation image #71226
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(b) DAB-DETR for COCO validation image #71226 (c) SAP-DETR for COCO validation image #71226
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