Limitations of DETRs

* Fixed top-N prediction in DETR-based detectors cause
highly overlapping false positives in local regions.

« Inter-query relations are not considered in the Set-
Matching loss of DETRs. — Limited capabilities in
discriminating local similar queries.
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Objectives
Status Quo of 3D Object Detection
« Dense prediction with post-processing (e.g., NMS)
Strong performance.
Complex structures. Not e2e optimizable.
+ Direct sparse prediction (e.g., DETRS)
Clean pipeline. End-to-end optimizable.
Poor performance.
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ConQueR achieves

+ Direct Sparse Prediction with Strong Performance.
« Less overlapped false positives.

« Dynamic #predictions according to scene.
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Voxel-DETR - A Simple and Strong Baseline
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Simple and clean pipeline, end-to-end optimizable.
Strong performance: Surpasses all previous sparse 3D detectors by a large margin.
Fast convergence: comparable with CenterPoint with 1/6 training time (epochs).

Observations

Most false positives are highly overlapping in local regions, caused by the lack of explicit

supervision to discriminate locally similar queries.

o ol Lad
3 £

(a) Voxel-DETR

(b) ConQueR

In the Hungarian Matching Loss of existing 3D DETRs, the best matched query are supervised
without considering its relative ranking to its surrounding unmatched queries.
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Query Contrast

Explicitly enhance each GT's best matched query, and suppress predictions from

all other unmatched ones with contrastive loss simultaneously.
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Performance
Method mAP/mAPH Vehicle 3D AP/APH Pedestrian 3D AP/APH Cyclist 3D AP/APH
ethods L2 L2 | L L2 | L L2 L1
Dense Detectors
CenterPointg [47] -167.4 -167.9 -/- -/65.6 -/- -168.6-/- -/-
PV-RCNN [32] 66.8/63.3 69.0/68.4 | 77.5/76.9 | 66.0/57.6 75.0/65.6 65.4/64.0 | 67.8/66.4
AFDetV2 [15] 71.0/68.8 69.7/69.2 | 77.6/77.1 | 72.2/67.0 80.2/74.6 71.0/70.1 | 73.7/72.7
SST_TS [6] -/- 68.0/67.6 | 76.2/75.8 | 72.8/65.9 81.4/74.1 -/- -/-
SWFormer [37] -/- 69.2/68.8 | 77.8/77.3 | 72.5/64.9 80.9/72.7 -/- -/-
PillarNet-34 [31] 71.0/68.5 70.9/70.5 | 79.1/78.6 | 72.3/66.2 80.6/74.0 69.7/68.7 | 72.3/71.2
CenterFormer [53] 71.2/69.0 70.2/69.7 | 75.2/74.7 | 73.6/68.3 78.6/73.0 69.8/68.8 | 72.3/71.3
PV-RCNN++ [33] 71.7/69.5 70.6/70.2 | 79.3/78.8 | 73.2/68.0 81.3/76.3 | 71.2/70.2 | 73.7/72.7
Sparse Detectors
BoxeR-3D -/- 63.9/63.7 | 70.4/70.0 | 61.5/53.7 64.7/53.5 -/- 50.2/48.9
TransFusion-L -/64.9 -165.1 -/- -163.7 -/- -/65.9 -/-
Voxel-DETR (ours) 68.8/66.1 67.8/67.2 | 75.4/74.9 | 69.7/63.1 77.6/70.5 69.0/67.9 | 71.7/70.5
ConQueR (ours) 70.3/67.7 68.7/68.2 | 76.1/75.6 | 70.9/64.7 79.0/72.3 71.4/70.1 | 73.9/72.5
ConQueR *(ours) 73.1/70.6 | 71.0/70.5 | 78.4/77.9 | 73.7/68.1 | 80.9/75.2 | 74.5/73.3 | 77.3/76.1
ConQueR #(ours) 74.0/71.6 71.0/70.5 | 78.4/77.9 | 75.8/70.1 82.4/76.6 75.2/74.1 | 77.5/76.4
Sparsity
Methods Preds/Scene | Veh. | Ped. | Cyc.
CenterPointyms 192 66.4 | 629 | 67.9
TransfusionyopN 300 65.1 63.7 | 659
Voxel-DETR,,N 300 67.1 | 63.0 | 67.8
Voxel-DETRgcore 222 67.2 | 63.1 | 67.9
ConQueRy N 300 68.0 | 64.6 | 70.0
ConQueRg e 131 68.2 | 64.7 | 70.1
ConQueRg. e T 122 70.5 | 68.1 | 73.3




