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• Fully sparse, Fully Voxel-based, LiDAR Detector

• (1st on nuScenes LiDAR Tracking Leaderboard)

• High efficiency: 64 ms per frame on nuScenes

VoxelNeXt: Fully Sparse VoxelNet for 3D Object Detection and Tracking (CVPR 2023)
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• Why fully sparse?

VoxelNeXt: Fully Sparse VoxelNet for 3D Object Detection and Tracking (CVPR 2023)
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[1] Lue Fan, Feng Wang, Naiyan Wang, Zhaoxiang Zhang, Fully Sparse 3D Object Detection, NeurIPS 2022

Point clouds only exist on object boundary [1].
Dense convs are required to resolve the center-missing issue.

Point cloud &
Ground-truth boxes

Heatmaps from CenterPoint

Most areas are empty and contain no point clouds.
The whole BEV dense features are involved in computation.



• Our framework

VoxelNeXt: Fully Sparse VoxelNet for 3D Object Detection and Tracking (CVPR 2023)
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Core idea: Box prediction directly from sparse voxel features. 
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• Detailed designs

VoxelNeXt: Fully Sparse VoxelNet for 3D Object Detection and Tracking (CVPR 2023)

(1) Two additional down-samplings [For performance]
(2) Sparse Height Compression [For efficiency]
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(3) Spatially Voxel Pruning [For efficiency]
(4) Sparse Max Pooling [For efficiency]



• Detail 1: Two additional down-samplings

VoxelNeXt: Fully Sparse VoxelNet for 3D Object Detection and Tracking (CVPR 2023)
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Simple to implement & significantly effective.



• Detail 2: Sparse Height Compression 

VoxelNeXt: Fully Sparse VoxelNet for 3D Object Detection and Tracking (CVPR 2023)
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• Put all 3D voxels onto BEV ground.
From (x, y, z) à (x, y), no sparse-to-dense conversion.

• Enable 2D sparse head prediction, reduce voxel numbers from prediction.
Efficiency: 92 ms à 66 ms



• Detail 3: Spatially Voxel Pruning 

VoxelNeXt: Fully Sparse VoxelNet for 3D Object Detection and Tracking (CVPR 2023)

Directly remove voxels with small feature magnitudes.
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• Detail 4: Sparse Max Pooling 

VoxelNeXt: Fully Sparse VoxelNet for 3D Object Detection and Tracking (CVPR 2023)

Sparse max pooling can effectively replace NMS post-processing.
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• Why better tracking?

VoxelNeXt: Fully Sparse VoxelNet for 3D Object Detection and Tracking (CVPR 2023)

• CenterPoint: Center association for tracking.
• VoxelNeXt: Query voxels for auxiliary tracking.

Ø Centers are predicted, and might be inaccurate.
Ø v.s. Query voxels truly exist in data.
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• Why centers are not required?

VoxelNeXt: Fully Sparse VoxelNet for 3D Object Detection and Tracking (CVPR 2023)

• Query voxels are mostly near object boundary.

• Some are even outside boxes 
(Small objects, e.g., Pedestrian, Traffic Cone)

• Few query voxels are near object centers 
(LiDAR scatters object surfaces).
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• Why VoxelNeXt is better than CenterPoint?

VoxelNeXt: Fully Sparse VoxelNet for 3D Object Detection and Tracking (CVPR 2023)

• AOE - Orientation is much better.
• Query voxels is better for angle prediction than centers.
• Relative position of query voxels to centers

contain angle information.
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• Results on nuScenes

VoxelNeXt: Fully Sparse VoxelNet for 3D Object Detection and Tracking (CVPR 2023)

• Good performance on detection.
• SOTA performance on tracking.



• Results on Waymo

VoxelNeXt: Fully Sparse VoxelNet for 3D Object Detection and Tracking (CVPR 2023)



• Results on Argoverse2

VoxelNeXt: Fully Sparse VoxelNet for 3D Object Detection and Tracking (CVPR 2023)

Efficiency on Argoverse2

• Argoverse2

- VOXEL_SIZE:
- [0.1, 0.1, 0.2].
- 2080ti GPU
- Batch size 1

Lue Fan, et al. Fully Sparse 3D Object Detection, NeurIPS 2022
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• Argoverse2: 400m x 400m.

v.s. KITTI, nuScenes, Waymo: 75m radius.

• SOTA performance and efficiency.

• Better than the voting-based FSD [1].

• Consistent efficiency to perception range.

Lue Fan, Feng Wang, Naiyan Wang, Zhaoxiang Zhang, Fully Sparse 3D Object Detection, NeurIPS 2022



• Conclusion

VoxelNeXt: Fully Sparse VoxelNet for 3D Object Detection and Tracking (CVPR 2023)

• A very simple 3D detection pipeline

• High performance & efficiency

• nuScenes & Waymo & Argoverse2 Output
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Segment Anything + VoxelNeXt

• Segment Anything

Alexander Kirillov, Eric Mintun, Nikhila Ravi, Hanzi Mao, Chloe Rolland, Laura Gustafson, Tete Xiao, Spencer Whitehead, Alex Berg, Wan-Yen Lo, Piotr Dollar, Ross Girshick. Segment Anything



Segment Anything & VoxelNeXt

• Segment Anything



Segment Anything & VoxelNeXt

• Sparse voxel in a mask à 3D Object



Segment Anything & VoxelNeXt

• Sparse voxel in a mask à 3D Object



Segment Anything & VoxelNeXt

• Sparse voxel in a mask à 3D Object



Segment Anything & VoxelNeXt

• Sparse voxel in a mask à 3D Object
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