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LiDAR as a Cornerstone Sensor Modality



LiDAR Working Principles

Point Cloud
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Learn LiDAR Hyperparameters

0th-order solver for optimal LiDAR 
hyperparameters

Realistic LiDAR waveform simulation for 
CARLA

LiDAR-in-the-loop optimization for 3D 
object detection, depth and intensity 

estimation

Expert-Tuned: 7.33% mAP (↑) Optimized: 46.86% mAP(↑)

Webpage and Code at
https://light.princeton.edu/publication/lidar
-in-the-loop-hyperparameter-optimization/



Scanning LiDAR Pipeline



LiDAR Sensing Hyperparameters
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Raw LiDAR Simulation



Black Box Multi-Objective Solver



Optimization Process

Point cloud depth error for every optimization step Convergence of depth and intensity RMSE showing current 
champion and approximate Pareto points
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Optimization step

Depth RMSE (top)

Champion progress

Champion

Approx. Pareto

Int. RMSE (bottom)



Experimental Results – Depth and Intensity

Ground Truth Expert-Tuned Optimized



Experimental Results – Object Detection
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Experimental Results - Object Detection
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Raw wavefront
stack

Blackbox LiDAR-in-the-Loop Optimization
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Hardware-in-the-Loop Optimization
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Ground Truth

Front View

Experimental Results – Hardware-in-the-Loop
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