
+ Datasets

+ Qualitative comparison with SOTA approaches
○ Checkerboard Re-projection Comparison 

○ Outdoor LiDAR-Camera Re-projection Comparison

○ Outdoor LiDAR-LiDAR Registration Comparison
■ Flat Ground

○ Rendering Comparison

+ Quantitative comparison with SOTA approaches

Results
+ Overview
○ Build the sensor calibration graph and implicit scene representation
○ Render camera and LiDAR with differentiable sensor models 
○ Jointly optimize the multi-sensor extrinsics and underlying scene representation 
○ Minimize the photometric and geometric consistency losses on collected outdoor data

+ Surface Alignment Constraints
○ Inferred correspondences should align with the underlying scene surfaces

■ Match image features
■ Raycast to 3D points
■ Project back to image
■ Compute pixel distance between points

○ Minimizing surface alignment distance ensures consistency across sensors and views

+ Learning Sensor Calibration
○ Photometric Consistency Loss (Image RGB and LiDAR intensity)

○ Geometric Consistency Loss (Image surface alignment and LiDAR depth )

○ Regularization Term (surface weight concentration, SDF satisfy Eikonal equation)

○ Ray Sampling Priors (coarse-to-fine sampling strategy)

UniCal Method

+ Sensor Calibration Graph
○ Optimizes sensor extrinsics w.r.t. a vehicle reference (IMU)
○ Assumes the intrinsics (e.g., focal length) are provided
○ Assumes vehicle trajectories (localization) are provided

+ Implicit Neural Scene Representation
○ Multi-resolution feature grid with MLP networks

○ Generates camera and LiDAR though differentiable volume rendering

Task Setting and Scene Representation

+ Self-driving vehicles (SDVs) require accurate multi-sensor calibration
+ Existing approaches:

○ Require Large Infrastructure

+ Goal: “drive and calibrate” - no targets, automatic, all jointly optimized
+ Approach:
○ Optimize sensor calibration with unified neural rendering framework
○ Enhance neural rendering specifically for multi-sensor calibration

Motivation: Drive-and-Calibrate

UniCal: Unified Neural Sensor Calibration
Ze Yang*, George Chen*, Haowei Zhang, Kevin Ta, Ioan Andrei Bârsan, 

Daniel Murphy, Sivabalan Manivasagam, Raquel Urtasun
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○ High Operational Effort

Sensor Calibration Graph Implicit Scene Representation
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