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LiDAR Point Clouds

⚫ LiDAR serves as the crucial sensor of autonomous 

driving for accurate 3D perception

⚫ Sparsity and occlusion

⚫ Varying at different locations and times

⚫ Costly acquisition for a large-scale dataset

⚫ Limited to specific sensor configuration and 

ego-vehicle trajectory 

How can we generate/simulate novel point clouds?



Previous Methods

⚫ Physical-based Simulation
╳ Costly 3D assets

╳ Domain gap

⚫ Generative Models
╳ Hard to control/edit

╳ Poor generalization

⚫ Scene Reconstruction
╳ Complicated

╳ Limited to static scenes

CARLA: An open urban driving simulator

LiDARsim: Realistic LiDAR Simulation by Leveraging the Real World

Learning Compact Representations for LiDAR Completion and Generation

LiDAR-NeRF: Novel LiDAR View Synthesis via Neural Radiance Fields



Novel Space-time View LiDAR Synthesis

Input
• LiDAR point cloud sequence 𝑆 = S0, S1, . . . , S𝑛−1

( S𝑖 ∈ ℝ𝑁×4 , including intensity) 

• sensor poses 𝑃 = {𝑃0, 𝑃1, . . . , 𝑃𝑀}  ( 𝑃𝑖∈ 𝑆𝐸(3))

• timestamps 𝑇 = {t0, t1, . . . , t𝑛−1}  (t𝑖 ∈ ℝ)

Output
• LiDAR point cloud 𝑆𝑛𝑜𝑣𝑒𝑙 given novel pose 𝑃𝑛𝑜𝑣𝑒𝑙

and novel time 𝑡𝑛𝑜𝑣𝑒𝑙



However, challenges remain …

• Large-scale reconstruction
• Scenes spanning hundreds of meters

• Representation resolution

• Sparsity of point clouds

• Dynamic scenarios
• Long-distance vehicle motion

• Temporal consistency

• Generation realism
• Intensity reconstruction

• Ray-drop characteristic

~ 2 0 0 m



Methodology —— LiDAR4D

✓ Differentiable LiDAR-only framework for novel space-time LiDAR view synthesis

✓ Geometry-aware and time-consistent large-scale dynamic reconstruction

✓ Better generation realism with global refinement



Low Resolution

Multi-planar Feature

4D Hybrid Representation

High Resolution

Hash Grid Feature

Methodology

• Hybrid Representation
• Planes & Hash Grids

• Coarse-to-fine Resolution

• 4D Decomposition



Methodology

• Hybrid Representation

• Scene Flow Prior
• Flow MLP

• Geometry-aware Constraint

(Chamfer Distance)

• Temporal Feature Aggregation



Methodology

• Hybrid Representation

• Scene Flow Prior

• Neural LiDAR Fields
• Separate MLPs for 

Depth/Intensity/Ray-drop

• Global Optimization for Ray-drop 
Refinement via U-Net

Novel Space-time View LiDAR Point Clouds
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Experiments

• SOTA Results

• KITTI-360

• NuScenes



Experiments

• More Comparisons Depth reconstruction on dynamic vehicles



Experiments

• More Comparisons Even on small objects



Experiments

• More Comparisons Also the intensity reconstruction



Experiments

• More Comparisons

✓ LiDAR4D achieves much better dynamic reconstruction results



Application

• Shift poses
• Sensor Height

• Translation / Rotation

• Configuration
• Field of View

• Angular resolution

• LiDAR beams

• Simulation
• Scene Re-play

• Novel Trajectory



Application

Horizontal / Vertical 

Displacement
Original Placement

simulate



Application

Enlarge / Reduce 

Field of View
Original Field of View

simulate



Application

Increase / Decrease BeamsOriginal Beams
simulate



Application

NuScenes LiDAR ConfigurationKITTI-360 LiDAR Configuration
simulate FOV, 

Height, 
Beams,
Range…



Application

Dynamic Scene Re-playNovel Temporal View

simulate

Novel Temporal View

Fixed Location



Application

Novel TrajectoryOriginal Trajectory
simulate



Thank you for listening

Project Page：https://dyfcalid.github.io/LiDAR4D

Codes are available at: https://github.com/ispc-lab/LiDAR4D 

https://dyfcalid.github.io/LiDAR4D
https://github.com/ispc-lab/LiDAR4D
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