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Introduction

- Local feature matching serves as a fundamental task in many 3D vision tasks
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Motivation

- Local consistency is ignored in Transformer-based methods:

= For two similar adjacent pixels in reference image (red and green), the corresponding attention
maps with source image:

o are quite different (see Vanilla Attention)
> include too many irrelevant areas (see Linear Attention)

= Leading to inconsistent matching results between similar adjacent pixels

(a)Reference (b)Linear Attention (c)vanilla Attention (d)Ours (e)Matching Result



Motivation

- Scale variation is not properly handled in existing coarse-to-fine methods:
= Existing coarse-to-fine manner: refine coarse matching result in fixed-size fine stage windows
= When scale variation is large, correct matching pixel may be out of fine stage window

= Coarse matching: (x;, x;), correct matching: (x;, %;) , fixed window size: s;
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Novelty

- A unified coarse-to-fine architecture named Adaptive Spot-Guided Transformer
(ASTR) taking local consistency and scale variation into consideration
= Spot-Guided Attention: maintain local consistency

= Adaptive Scaling: handle large scale variation
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Novelty -- Spot-Guided Attention

For each pixel P in reference image:

= N(P): adjacent area of P
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Similarity score: similarity between P and N(P)

Confidence score: matching confidence of N(P)

Selection score = Similarity score x Confidence score

Spot area: adjacent area of correspondence pixel of

{P} U topk(N(P))

Do attention between P and spot area

Adjacent and similar pixel share similar spot area
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Novelty -- Adaptive Scaling

- Coarse matching (x;, x;) is obtained in coarse stage

- Correct matching (x;, ;) , if window size s; is fixed, x;
may be out of window

- Use coarse matching (x;, x;) and RANSAC algorithm
to calculate relative depth d;/d;, and scale the
windows:
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Evaluation

- Homography Estimation (HPatches) - Visual Localization (InLoc & Aachen)

Category Method Homography est. AUC matches InLoc
@3px @5px @10px DUCI DUC2
D2Net [15]+NN 232 359 536 0.2K Method . _ _
R2D2 [42]+NN 506 639 768  0.5K (0:25ms;, 107,/ (050, 10°) (Lo, 107)
: : : : Patch2Pix [64](w.SP [47]+CAPS [58]) 424/62.6/763  435/61.1/71.0
Detector-based DISK [55]+NN 52.3 64.9 78.9 1.1IK =
LoFTR [50] 47517221848  54.2/74.8/85.5
SP [14]+SuperGlue [47] 539 683  81.7 0.6K
. MatchFormer [57] 46.5/73.2/859  55.7/71.8/81.7
Patch2Pix [64] 464 592 731 1.0k ,
ASpanFormer [9] 515/73.7/864  55.0/74.0/81.7
Sparse-NCNet [4-] 489 542 671 1K ASTR(ours) 53.0/73.7/87.4  52.7/76.3/84.0
COTR [24] 419 577  74.0 1.0K ouIs o d il L ik e DY
Detectonfree  DRC-Net [27] 506 562 683 1.0K
LoFTR [50] 659 756  84.6 1.0K Aachen
PDC-Net+ [54] 667 768  85.8 1.0k S o
ASTR(ours) 717 803  88.0 1.0K Method 2y 1ght

(0.25m, 2°) 7 (0.5m, 5°) / (1m, 10°)

Localization with matching pairs provided in dataset

R2D2 [42]+NN - 71.2/86.9/98.9

. . . ASLFeat [36]+NN - 72318641979
- Relative Pose Estimation (MegaDepth & ScanNet) SP [14]+SuperGilue [47] : 1331880/ 98.4
SP [14]+SGMNet [5] - 72.3185.3/97.9
. Localization with matching pairs generated by HLoc
MegaDepth ScanNet (* train on MegaDepth) LoFTR [50] 88.7/956/99.0 78.5/90.6/99.0
Pose estimation AUC Pose estimation AUC ASpanFormer [9] 89.4/956/99.0 77.5/91.6/99.0
Category Method @5  @10° @20° Category Method @5° @10° @20° AdaMatcher [27] 89.2/959/99.2 79.1/92.1/99.5
Detector-based  SE LI /1*SuperGlue [17] 422 590 736 D2-Net [15]+NN 53 145 280 ASTR (ours) 89.9/956/992 764/92.1/99.5
SP [14]+SGMNet [8] 405 590 736 Detector-based  SP [14]+OANet [61] 118 269 439
DRC-Net [27] 270 429 583 SP [14]+SuperGlue [47] 162 338  51.8
PDC-Net+(H) [54] 431 619 761 DRC-Net [27]* 77 179 305
LoFTR [50] 52.8 69.2 81.2 MatchFormer [57]* 15.8 32.0 48.0
Detector-free =~ MatchFormer [57] 53.3 69.7 81.8 Detector-free = LoFTR-OT [50]* 16.9 33.6 50.6
QuadTree [52] 54.6 70.5 82.2 Quadtree [52]* 19.0 373 53.5
ASpanFormer [9] 55.3 71.5 83.1 ASTR(ours)* 19.4 37.6 544
ASTR(ours) 58.4 73.1 83.8




Evaluation

- Ablation study on MegaDepth

Proposed Module

k(l =5)

Pose estimation AUC

Different Adjacent Area Size [ and top-k

Index Multi-Level (ZSI:);G; liei) Scaling (‘5 E()):e es?@nllgglon %ggo
1 45.6 62.2 75.3
2 v 46.7 63.1 76.3
3 v v 47.7 64.5 77.4
4 v v v 48.3 65.0 77.7

@5° @10° @20°
1 46.0 627 76.2
2 475 640 77.1
3 473 638 76.7
4 477 645 77.4
5 471 637 71.0
6 469 63.6 76.6

Pose estimation AUC
k=4 @5° @10° @20°
3 46.7 63.2 76.1

5 47.7 64.5 77.4

7 47.2 63.4 76.8

9 43.0 60.5 74.8
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Qualitative Comparison
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Conclusion

A novel Adaptive Spot-Guided Transformer (ASTR) for local feature matching

Two novel module:
Spot-Guided Attention: maintain local consistency, filter irrelevant attention areas

Adaptive Scaling: scale fine stage window to handle large scale variation

SOTA performance in extensive experimental
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